
co— N, DEPARTMENT OF ENERGY GASOHOL POLICY *
sto rag e ’ UM ENTS .....

C 81980
F A n R E L L  L IB R A R Y  
KANSAS STATE UNIVERSITY H E A R IN G

BEFORE A

s
c
ru
j-
<o
c

□
□
IT
A
A
<

SUBCOMMITTEE  OF THECOMMITTEE ONGO VERN ME NT  OP ER AT IO NS  HOUSE OF REPRESENT ATIVE S
NINE TY -SIXT H CONGRESS

SECOND SES SIO N

JUL Y 28, 1980

P ri n te d  f or  t he us e of  th e  C om mitt ee  on Gov ernm en t Ope ra tio ns

68-281 O
U.S. GOVERNMENT PRINTING OFFICE 

WASHINGTON : 1980



A  V
.,V» £

1 4 Vr\ I I,  •

r  I 3 M U O C

0 8 P ?  8

COMMITTEE ON GOVERNMENT OPERATIONS 
JACK BROOKS, Texas, Ch airm an  

L. H. FOUNTAIN,  No rth  Carolina
DANTE B. FASC ELL, Flor ida
WILLIAM S. MOORHEAD, Penns ylvania 
BENJAMIN S. R OSEN THAL, New York 
FERNA ND J.  ST GERMAIN, Rhode Island  
DON FUQUA, Flor ida
JOHN CONYERS, J r., Michigan  
CARDISS COLLINS, Illinois 
JOH N L. BURTON, Ca lifo rnia 
RICHARDSON PREYER , North  Carolina 
ROBERT F. DRINAN, Ma ssa chuse tts 
GLENN ENG LISH , Oklahoma 
ELL IOT T H. LEVITAS,  Georg ia 
DAVID W. EVANS, Indiana 
TOBY MOFFETT, Conne cticut 
ANDREW MAGUIRE, New Jerse y 
LES ASPIN, Wisconsin 
HENRY A. WAXMAN, Ca lifo rnia 
FLOYD J.  FIT HIA N, Indiana 
PETE R H. KOSTMAYER, Pen nsy lva nia  
TED WEISS,  New York 
MIKE SYNAR, Oklahoma  
ROBERT T. MATSUI, Califo rnia

FRANK HORTON, New York 
JOH N N. ERLENBORN, Illinois 
JOH N W. WYDLER, New York 
CLARENCE J. BROWN, Ohio 
PAU L N. MCCLOSKEY, J r., Cal ifornia 
THOMAS N. KINDNESS, Ohio 
ROB ERT S. WALKER, Pen nsy lva nia  
ARLAN STANGELAND, Minneso ta 
M. CALDW ELL BUTLER, Virg inia  
LYLE WILLIAMS,  Ohio 
JIM  JE FF RIE S,  Kansa s 
OLYMPIA J.  SNOWE, Maine 
WAYNE GRISHAM, Cal ifornia 
JO EL  DECKARD, India na

EUGENE V. ATKINSON, Pennsyl vania
Will iam  M. J ones, Ge neral Co uns el 
J ohn  E. Moore, S ta ff  A dm in is tr a to r

Elmer  W. Henderson, Se ni or  Co unsel  
J ohn  M. Duncan, M in ori ty  S ta ff  D irec to r

E nviro nm ent, E nergy, and Natu ral  R esources Subcomm ittee 
TOBY MOFFETT, Con nec ticu t, Ch airm an

ROBE RT F. DRINAN, Ma ssa chuse tts 
FLOYD J.  FIT HIAN , India na  
ANDREW MAGUIRE, New Jer sey  
PETE R H. KOSTMAYER, Pen nsy lva nia  
MIKE SYNAR, Oklahoma

EX
JACK BROOKS, Texas

PAU L N. McCLOSKEY, J r., Cal ifornia 
JO EL  DECKARD, Indiana 
ARLAN STANGELAND, Min neso ta

«

OFF ICIO
FRANK HORTON, New York

J ohn R. Galloway, Sta ff  D irec to r 
Steven J. E ngelmyer, Co unsel

3

i
(II)



C O N T E N T S

PageHearing held on J uly  28, 1980_____________________________________  1Sta tem ent  of—
Childress, James, Executive  Director, National  Alcohol Fuels Commission______________________________________________  52Greenglass, Bert, Acting Director, DOE Alcohol Fuels Office; accom-« panied by William Holmberg, Director of Marketing  Suppo rt____  20Hobson, T ina, Director, DOE Office of Consumer Affairs; accompaniedby Kenneth Cohen, DOE Office of General  Counsel____________  4Ladisch, Dr. Michael R ., a ssis tant professor of agricultural engineering,Purdue Univers ity_________________________________________  76

w Moffett, Hon. Toby, a Representative in Congress from the  Sta te ofConnect icut, and chairman, Environment, Energy , and Na tural Resources Subcommit tee: Opening sta tem ent_________________  1Pear t, Dr. Rober t M., professor of agricultural engineering, Purdue Univers ity________________________________________________  62Letters, statements, etc., subm itted  for  th e record by—
Childress, James, Executive  Director, National  Alcohol Fuels Com­mission: Prepa red sta tem ent________________________________  55-62Fithian, Hon. Floyd J., a Representa tive in Congress from the S tate  ofIndiana: November 19, 1979, DOE memorandum to Deputy Secre­tary , through Under Secretary, from Acting Director, Office of Energy  Research, subject: Energy Research Advisory Board  Study Group on Gasohol_________________________________________  10Greenglass, Bert, Acting Director, DOE Alcohol Fuels Office: Pre­pared  sta tem ent___________________________________________  41
Hobson, Tina, Director, DOE Office of Consumer Affairs: Preparedsta tem ent________________________________________________  16-19Ladisch, Dr. Michael R., assis tant professor of agricu ltura l engineer­ing, Purdu e University: Prepared sta tem en t___________________  79-83Peart, Dr. Rob ert M., professor of agric ultural engineering, Purdue University:

Pape r enti tled “Alcohol P roduc tion From Agricu ltural Products:
An Update on the Facts  and Issues” _____________________  63-70Prepa red sta tem ent______________________________________  72-75

AP PEND IXES
Appendix 1.—Repo rt of the Energy Research Advisory Board on G asohol .. 95Appendix 2.—OAF response to Rep ort of the  Energ y Research Advisory* Board on Gasohol_____________________________________________  131

(Hi)

*





DEPARTMENT OF ENERGY GASOHOL POLICY

MO ND AY , JU L Y  28 , 19 80

H ous e of  R e pr e se n t a t iv e s ,
« E n v ir o n m en t , E n erg y ,

and N at ur al  R eso urces  Subcom m it te e
of  th e  C om m it te e on  G o ver nm en t  O pe r a t io n s ,

Lafayette, Ind.
* The subcommittee met, pursuant to notice, at 9 a.m., at the Farm

Credit Building, Lafayette , Ind., Hon. Toby Moffett (chairman of the 
subcommittee) presiding.

Present : Representatives Toby Moffett, Floyd J. Fithian , and Joel 
Deckard.

Also present: Steven J. Engelmyer, counsel, Environment, Energy, 
and Natural Resources Subcommittee.

OPENING STATEMENT OF CHAIRMAN MOFFETT

Mr. M o ffe t t . The subcommittee will come to order.
The Subcommittee on Environment, Energy, and Natural Resources

has an ongoing responsibility to oversee the Department of Energy as 
it implements our Nation’s energy policies. This morning we are 
pleased to be here in Indiana to examine the Departmen t of Energy’s 
policies regarding one of the most promising alternatives to  our current 
debilitating reliance on foreign oil, and tha t is the use of gasohol.

The subcommittee, led by Congressman Floyd Fith ian has become 
very concerned in recent weeks about Department of Energy gasohol 
policy. That concern was triggered by the DOE involvement with a 
controversial advisory report to DOE which favored coal-based 
methanol over grain-based e thanol for use in gasohol.

At the outset, I would like to express the appreciation of the entire 
„ subcommittee for the outstanding work of Congressman Fith ian in

promoting gasohol as an alternative fuel source. His leadership in this 
area has been a great contribution, beyond the subcommittee, through­
out the Congress, par ticularly in the House of Representatives, as we

> have grappled with our Nation’s energy problems. We are truly
indebted to him for his efforts, and we are particularly grateful to him 
for his leading role in the investigation which brings us here this 
morning.

On May 2, 1980, the  Energy Research Advisory Board transmitted 
to the Secretary of Energy, Secretary Duncan, a report on gasohol 
prepared by its Gasohol Study Group. The report was immediately 
criticized as a biased, haphazard, and unscientific attempt  to explore 
the many complex issues involved in the production of gasohol. The
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mo st con troversia l asp ect  of th at repo rt was its  preference for coal- based gasohol ove r grain-based gasohol.
A memo to the  Sec retary  of En ergy  f rom  Steven  Po tts , the  form er Di rec tor  of the  Dep ar tm en t’s Alcohol  Fuels  Office, called the repo rt:
An att em pt to railroad the gasohol issue by enveloping a biased and poorly subs tant iated report in the cloak of supposed scientific judg men t of the  Energy  Research Advisory Board.
Be rt Greenglass, the  cu rre nt Di rec tor  of DO E’s Alcohol  Fue ls Office, will testi fy  t his  morn ing  concerning the  Dep ar tm en t’s resp onse  to th at adv isory pan el rep or t and wh at  effect,  if any, th at  repo rt has ha d on the  Dep ar tm en t’s s up po rt for gra in-based ethanol as a ma jor  com pon ent  of our  Nat ion’s gasoho l policy .
We will also  hear a  cr itique of the advisory  pan el r ep or t fro m e xperts of bo th  Pu rdue  Un ive rsi ty’s La bo ra to ry  of Ren ewa ble Resources Eng ineerin g—which I  migh t a dd is one of the co un try ’s leading alcohol fuel research facilit ies—an d the  Na tio na l Alcohol Fuels  Com mission .A cruc ial bu t overlooked asp ect  of the con troversy surroundin g the  advisory re po rt is th e process b y which i t was issued. An i mpo rtan t bu t litt le-know n law, the  Federal  Advisory  Comm ittee Act, sets  ou t specific proc edures to insu re ob jec tiv ity  and  public inpu t into all DO E advisory com mit tee  rep ort s. The sub com mittee has  evidence  which seems to ind ica te th at  a top- leve l DO E official vio lated  th at  ac t in con junction wi th the  com pila tion  of thi s adv isory rep or t.The Chair  might add th at  bey ond the act ion  sur rou nding  this pa rti cu lar adv isory com mit tee,  the re is of course  the  larger  issue  of wh at  becomes of inform atio n and  da ta  as adv isory com mit tees deal  with it, the  larg er issue of Federal  adv isory com mit tees  and  their role, and  the  even  larg er issue rais ed by  thes e hearings and  the  pa r­ticula r rep or t in que stio n of wh at  our  alt erna tiv e energy policy will look like, wh eth er it  will be one dominated  by  a han dfu l of ma jor  companies or wh eth er it will be one th at  tak es advanta ge  of the  va st ar ray of opt ions  and  brings into pla y the  tremendo us inn ovation  and  enterp rising s pir it th at we hav e in thi s co un try  of ours.
Tina  Hobson,  the  Direc tor  of the Dep ar tm en t of En ergy ’s Office of Con sum er Affairs, has  responsibil ity  for  assuring  compliance wi th the Feder al Adv isory Comm itte e Act . She will tes tify wheth er any vio lations  of this ac t occu rred  in the issuance  of the  adv isory panel rep or t and  will also address the steps bein g considered to insure  th at  futur e Dep ar tm en t of Energ y adv isory rep orts -xo in full compliance wi th th at  act .
Before calling on Tina  Hobson, how ever the Chair  recognizes the  gen tlema n from  Ind ian a, Mr . Fi th ian.
Mr.  F ithian . T ha nk  you, Mr . Ch airma n. I wa nt  to th an k you  for coming and to welcome you  to In dian a and welcome my colleague from  Eva nsv ille , also a mem ber  of the panel who has  worked very ha rd  and long  on the whole m at te r of ene rgy  prob lems and po ten tia l in this cou ntry.
Le t me say at  firs t th at  it  is in the Midwest  where  mo st of the  gasohol will be ma de and  a fai r am ount of it will be used. The first  commercial ly ava ilab le synth eti c fuel is eth yl alcohol,  and  we should no t overlook th at ; nor shou ld we over look  the  fac t th at  80 percen t of it  is mad e less th an  100 miles from  whe re we are s itt ing t his  mo rning.
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Many of us in the  Mid west have  come to look upo n gasohol no t 
only  as an im po rta nt  source of local fuel bu t an im po rtan t offset 
and  red uction to our  dependence on Ara b oil and  imported oil.

The rep or t th a t’s und er quest ion  thi s mornin g is more im po rta nt , 
I think , th an  mo st of the  publ ic realizes in th at  it  sets  th e tone and, 
if cor rec t, will essentia lly dera il alcohol fuel in the  Un ite d Sta tes , 
for the repo rt challenges the  po ten tia l contr ibu tio n of gasohol tow ard  
solv ing our  na tio na l energy prob lem. I t sugg ests  th at the  cos t of 
ene rgy  efficiency pre sen ts serious, perha ps ins urm ounta ble  problems, 
to any plan  for large-scale  gasohol pro duction  in the  Un ite d St ates .

If these findings the n were accurat e and if t he y are going to be used 
as the  ba sis  for  the  D ep ar tm en t of En ergy  alcohol fuel policy, then  t he

• rec en t congressiona l ini tia tiv e to pro mo te gasohol pro du cti on  and  use 
and  the  $1.45 billion th at  was pu t in the  sy nth et ic fuels bill were 
mi sta ken notions and  wrong  th ru st s of Congress . If, on the othe r hand, 
these findings  which have been now given to the  Secre tary of En ergy

» are inaccu rat e as I  be lieve they  are inaccurate —an d seve ral  pr estigious
technica l rep or ts which prec eded the ER AB  re po rt seem to imply  th a t 
they  are ina ccura te— the  reco rd then  s hou ld and  I would say  mus t be 
se t str aigh t, and  our  na tio na l gasohol program should be se t int o 
mo tion w ith ou t fu rth er  delay.

One of th e things t hat  I hope comes f rom  these he arings  is a  clarifica­
tion and the se tting  of the  record  st ra ig ht  on thi s bas ic ene rgy  in iti a­
tive .

Sh or tly  af ter the  gasoho l repo rt was released  l as t Ma y, a va rie ty  of 
ve ry  serious  charges  were made,  ran gin g from  alleged vio lat ion  of 
Fe de ral  l aws,  to which you have  referred,  all of the  way ove r to pro­
tec tin g a majo r comp eti tor  and opponent of alcohol fuels , of eth yl 
alcohol fuels—th at is, Mobil Oil Corp, has  charged  th at  th at helped 
bia s the rep or t. The que stio n th a t mi gh t arise  and  should arise  is: 
Why should  the Dep ar tm en t of En ergy  p ut  them, the  ch ief opponent 
of alcohol fuel  deve lopment in the whole Un ited Sta tes , on the p anel in 
the firs t p lace?  I th ink th a t’s a quest ion  t hat  so mebody sh ould answer.

The second que stio n is whethe r o r n ot  the  basic  re po rt is wrong  an d, 
if so, how  wrong a nd  wha t does thi s r eal ly mean for the f utur e pol icy  of 
alcoh ol fuels in the Un ited Sta tes ?

I th ink th at the former Di rec tor of the  Office of Alcohol Fue ls, 
Ste ven Po tts , sum marized it  well when he said  the  contr overs y of t his  
repo rt focuses upo n the  ob jec tiv ity  of the  pan el and  the effo rt cas ts

* do ub t upon  the  objectives , indepe nd en t jud gm en t, and scien tific 
ch arac ter  of E RA B itsel f and upon  the  ut ili ty  and viab ili ty  of ER AB  
as an advisory  pan el pro vid ing  scien tific  judg men t to the top- leve l 
Go vernme nt policym akers. So it  i s im po rta nt , I think , th a t we assess

< th is;  and it ’s im po rtan t th at we re tu rn  a cre dib ilit y to Go vernme nt
scien tific  adv isory panels if we are  to be able  to move forward.

If the disputed  f indings of t he  ER AB repo rt  a re found to be inaccu ­
ra te , the En erg y Dep ar tm en t should  clar ify its  poli cy reg ard ing  
alcohol fuel  pro duction  and  ind ica te wh eth er or  no t the repo rt  sub­
stan tia lly  influence d th at policy.

The se are the  su bs tan tiv e que stio ns th a t I would  hope  the  hea ring 
unrav els  th is m orning.

I th an k you , Mr . Chairman.
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Mr. M offet t. The Ch air  recognizes  the  gen tleman from  Ind ian a,Mr . Decka rd.
Mr. D eckard. Th an k you , Mr. Chairm an.
I would first  like to com mend you for thes e hear ings , and  I am espec ially  pleased th at  y ou hav e agreed to explore the subje ct here  in our  H oosier State  which h as alread y mad e grea t contr ibu tions  tow ard  the  dev elopment  of alcohol fuels. There  is no need , at  thi s point , for me to go into the  importance  of deve loping alt erna tiv e sources of energy except to say  th at  the  exp anded pro motion and  use of alcohol- bas ed fuels would be good no t only for the  economy of our  State  of Indian a bu t for the sec uri ty of the  Un ited State s as well.
Th an k you, Mr . Chairma n.
Mr . M offet t. At  thi s tim e, the Chair  welcomes our  firs t witness, •Ti na  Hobson, Di rec tor  of the  Dep ar tm en t of En ergy ’s Office of Con ­sum er Affairs,  acco mpanie d, I believe , by  Ke nn eth  Cohen from  the  Dep ar tm en t of En ergy ’s Office of General  Counsel.
As I th ink you know, it  is the  practic e of the  sub com mittee  to »swea r in all witnesses so as no t to stig ma tize any witnesses.  Would you  please  sta nd  and raise your  rig ht han d? Mr. Cohen, will you  be test ifying?
Mr. Cohe n. I ------
Mr . M offet t. You may  be; so, please  raise your  rig ht  han d.
Do you  swear to tell the  whole tr u th  and  no thi ng  bu t the  trut h,  so help  you  God?
[Chorus of “I  do .”]
Mr . M offet t. T ha nk  y ou bo th  for being wi th us.
I th ink we are going to need  a microph one,  if the  staf f would tak e care  of this .
Ms. H obson. A mike?
Mr. M offet t. P lease .
Ms.  H obson . I  hav e a f air ly loud  voice.
Mr. M offet t. I underst and th at  you had  a lit tle  problem  with your  luggage.
Ms.  H obson. Yes.
Mr. M offet t. I t has  arr ived, I believe.
Ms. H obson . Yes, it  arri ved . Th an k you, very much.
We got here  abou t 1 mi nute aft er  9, bu t we lea rned a lot  abou t thi s cit y in the  process, incl uding tra ins .
Mr . M off ett . Very  good.
W ith ou t objection, your  entire  prepar ed sta temen t will be ent ere d into the  reco rd and cons idered a pa rt  of the  record. You may , if you  like, parap hra se th at  sta temen t, and  then  we will move  to questio ns by the  s ubcom mittee  mem bers .

STATEMENT OF TINA HOBSON, DIRECTOR, DOE OFFICE OF CON- *
SUMER AFFAIRS; ACCOMPANIED BY KENNETH COHEN, DOE
OFFICE OF GENERAL COUNSEL
Ms.  H obson . All right.  I ’d be happ y to. I brou gh t some ex tra  copies  here , if anyone  is intere ste d.
Mr. Ch airma n and  mem bers  of the  sub com mit tee , than k you  for the op po rtu ni ty  to appear here  tod ay.
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I inv ited Mr. Cohen to come wi th me, because I don’t wa nt  to 
pla y lawyer, and thi s is a ra th er  tech nica l and  complex area, the  
Fed era l Adv isory Comm ittee Act.

I also wa nt  to mentio n th at  Mr . Hol mberg is here  tod ay. He  will 
be pa rti cip ati ng  with Mr . Gree nglass in sub seq uen t tes tim ony; 
however, he was in our  office during  thi s period and  can also answ er 
questions since he was, in terms  of consum er affairs, invo lved  in 
rep resent ing  farm ers  and farm  com muniti es. He pa rti cip ate d in the  
im tat ion of the  Office of Con sum er Affai rs in the  whole alcoho l fuels 
area , pa rti cu lar ly as it relate s to farmers and  farm commun ities . 
So I  w an t h im, if I  say som ething in erro r, to please  feel free to correct 
me.

* All rig ht ; in terms  of wh at we are talkin g abou t tod ay, I th ink 
you  wa nt  to examine possib le vio lations  of the  Fed era l Adv isory 
Comm ittee Ac t—FACA —which may hav e occurred in rel ation  to 
the  rece nt gasoho l stu dy  rep ort . As you  know, I am Di rec tor  of the

* Office of Con sum er Affairs and  I am responsible to you  and  to Con ­
gress for impleme nta tion of FACA.

DO E is in the  process of resolving  several key  policy  issues rel ating  
to adv isor y com mit tee manag ement . One of the  issues concerns 
the  ex ten t to which all subgroups  of DO E adv isory com mit tees  
should be subje ct to FACA.

In  accorda nce with a DO E General  Counsel opin ion of Decem ber  
4, 1978, subgroups  of adv isory com mit tees may hav e mem bers  who 
are no t on the pa rent  com mit tee.  These subgroups  are no t subje ct 
to the  Federal Adv isory Comm ittee Act  as long as they  provide  
advice or recommenda tion s only  to their  pa rent  com mit tee  and  no t 
direct ly to a Fed era l agency or official. I th ink thi s is key  here.  Al­
tho ugh unchartere d subgroups  are legal in terms  of our  General  
Coun sel opinion, they  may be misused.

The Gasohol Stu dy Group of the En erg y Res earc h Advisory 
Board  was established in Nov ember  1979. The mem bership con­
sisted of—an d not e this—the re are actual ly three  mem bers  of the  
full com mittee : Piemen tel, Hinm an, and Stelson. Stel son at  th at  
tim e was under con side ratio n as As sis tan t Sec reta ry for Conse rva ­
tion , and  so on. All rig ht ; the  oth ers  were no t mem bers  of the full 
adv isory commit tee.

There  was only  one mee ting  of the Gasohol Stud y Gro up of which 
I am aware. I t was held on Dec ember  10 and 11; notice  of the meeting

* was no t pub lish ed in the  Fed era l Reg iste r.
I learned of the  Gasohol Stud y Gro up meetin g on Dec ember  10 

aft er  it  was alread y in session. I un de rst and th at  Bill Holmberg 
learned of it  earli er and made an at te m pt  to pu t a farme r on th at

« com mit tee.  You can ask him ab ou t th at if you  choose.
There  were no plans for public pa rti cip ati on  or the  making of a 

verba tim  tra nscri pt.  Although public pa rti cip ati on  and makin g a 
verba tim  tra ns cr ip t ma y no t hav e been  legally required,  I believed 
th at  the  issue of alcohol fuels was very significant and  of g reat  publ ic 
concern. At  th at  time , we were develop ing the  Energ y Con sum er on 
Alcohol Fue ls and  recognized the  importance  of tbis subje ct to the  
citizens.

Therefo re, I persona lly took a court  rep or ter  to the  meetin g on the  
second da y and had a  tr anscrip t made.
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On Dec emb er 19, I me t with Ed  Friem an,  Dir ector of Energy 
Research, his Direc tor , Office of A dvisory and  Liai son Pro grams, Bill 
Ba rtle y, and Sol Buc hsbaum , Ch airma n of the  En erg y Research 
Advisory B oard. We r each ed an agreem ent  on  some procedures rela ted  
to subgroups . Par t of ou r agreement  was a ssurance b y Dr.  Buchsbau m 
th at  rep ort s would be subm itte d in pre lim ina ry dr af t form  to ER AB  
for app rov al before they  are subm itted  to DO E. This would  insu re 
review by  a balanc ed commit tee th at  inclu des three consumer mem­
bers,  one of the m being Amory Lovins, the  oth er Grant  Tho mpson , 
and  the  othe r Tom Coc hran from NR DC .

On Decemb er 19, 1979, John  De utc h, then  Under  Sec retary , for­
warded a dr af t of a memo to the  Sec reta ry,  da ted  Decemb er 17— 
rem emb er, th at  was only  7 days following the  meeting—to several •
DO E officials for comment. The dr af t memo con tain ed reco mm end a­
tion s for the  DO E gasohol str ateg y which Dr . De utc h sta ted was 
based on “ * * * mo st im portantly, * * * the results of a com mit tee  
of the  Energ y Res earc h Advisory  Board . * * *” *

T hat’s exa ctly  wh at we did no t wa nt  to see hap pen . The refo re, I 
called Dr.  Buc hsb aum  and  pointed ou t th a t in spit e of our verbal  
agreem ent , the  gasoho l rep ort would ap pa rent ly  have an im pact on 
DO E before it  was app roved by the  full ER AB . Rem emb er, the full 
ER AB  com mit tee  did  no t mee t un til  Fe brua ry ; Fe brua ry  7 and  8 
was the first  mee ting .

I also wrote  a mem orandu m to J oh n De utch  on December 20, calling 
at tent io n to the imp lica tions in his dr af t memo of Dec emb er 17 th at  
the  results of the  Gasohol Stud y Gro up were app roved by  the  full 
boa rd.

At  the  May 1 and 2 mee ting—t h at’s aft er  the Fe brua ry  7 and  8 
meetin g—the  secon d meeting,  the  gasohol stu dy  rep or t was on the  
agenda.  Amory Lovins, a mem ber  of ER AB , advi sed me a couple of 
day s before th at he was no t noti fied of the Ma y 1 and  2 meeting.
Amory Lov ins has  since ind ica ted  th at  all his back mail  has been  
received, and  the re was still  no not ice  of the  Ma y 1 and  2 meetin g. 
Inc ide nta lly , he did file a minority  rep ort .

I took one of the  people Mr. Lovins reco mmended as his al ter na te,
Ke n Bossong of the  citizen’s e nerg y pro jec t, to the  m eeting. How ever ,
Dr . Buchsbau m would no t allow Mr . Bossong to serve  as an al terna­
tive alth ough Richard  Alb an had been list ed as an al ternate to 
Roland Schm itt,  General  Electric, at  the  Fe br ua ry  8, 1980, meeting.
I wa nt  to add  th at  Dr . Buchsbau m con tends th at  Mr . Alb an was in „
fac t p resent , no t as an a lte rna te,  b ut as a re source person on a specific 
repo rt because of his parti cip ation  in its  pre parat ion . Mr . Lov ins 
has  since sent a le tte i to the  Se cre tary in dic ating  his d isagreement  wi th 
man y of the  f indings in the  gasohol rep ort. •>

In  ord er to accommod ate the  special  need to ob tain advice direct ly 
on short- term pro grams, which we recognize in  the scientific co mm uni ty 
as im po rta nt , when time  seems of the essence , to allow increased 
pub lic pa rti cip ati on , and  still  comply wi th the  Feder al Advisory  
Comm itte e A ct, my  office suggested  and  o ur General  Counse l formally  
reco mmended to 0M B, very  recent ly,  th at short -te rm  com mit tees, 
less th an  1 year,  be exem pted  from  the  req uir em ent th at the y be 
cha rtered , bu t con tinu e to require th a t th ey  comply with all othe r 
prov isions of FACA  and  implementin g regula tion s. T hat ’s such  as
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not ice  of the  pub lic mee ting , public pa rti cip ati on , a list ing  in the an ­
nu al rep or t to Congress, bu t it  sim ply will m ake  the  law more flexible.

Th is concludes my  tes tim ony , bu t I th ink those pa rti cu lar ste ps  
were im po rta nt  for you  to understand.

Mr . M offet t. Th an k you  very much for th at tes tim ony, Ms.  
Hobson.

The Chair  at  thi s time, as is the  practic e and  cus tom  of the  su b­
com mit tee , wi ll recognize  members for questio ning u nder the  5 -minute 
rule.

At thi s time, the Ch air  recognizes the  gentl eman from  Indian a, 
Mr. Fi th ian,  for 5 m inutes .

Mr . F ith ian . Tha nk  you, Mr.  Chairma n. Ms. Hobson , when Un der 
« Secre taiy De utc h sa t down with mem bers  on the 10th  and  the  11th ,

does thi s no t constitute  the  giving of inform ation by  a sub com mittee  
to a Federal  official? Would no t Mr . De utch  be considered  a Federal  
official?

* Ms. H obson . I  am going t o ask Ken  to answer  t ha t.
Mr . Cohe n. Yes, sir;  Mr . De utc h would be cons idered a Federal  

official. The fac t th at  a Fed era l official meets  wi th a group of people 
does  no t necessar ily mean th at  the re is an adv isory com mit tee  sit ua ­
tion , for inst ance.

Mr. F ith ian . I underst and th at ; bu t if the n, sub seq uent to th at 
mee ting , thi s Feder al official transm its  to the Secre tary of t he  D ep ar t­
men t the  essence of the  rep ort prio r to its  being cleared all of the 
way up through the  full Energ y Resea rch  Adv isory Board , doesn ’t 
th a t vio late  F ACA?

Mr. Cohe n. I t certa inly raise s no t only one eyeb row bu t two eye­
brows, bu t I would  hav e to have a more  concrete feel of the  fact s.

Mr . F ithian . Well, let  me see i f I can  clarify  this .
The adv isory bo ard’s p urpo se was to ge t at  and  ob tai n the best of 

the  scient ific inform ation and  da ta.  You pro bably  are awa re, or 
perha ps you aren ’t, th at  thi s was the mo st cruc ial period in which 
alcohol fuels policy was being fashioned, for  i t was on Ja nu ar y 4 th at 
the Presi dent announced the  em bargo; and the farm com mu nity, and  
pa rti cu larly  those of us in the  f arm  bloc, opposed th at . We proceeded 
then  to discuss wi th the  White House alt erna tiv e issues, and  I myse lf 
met with the  Chief A dviser to the Pre sident .

At  th at  point , when  we tra ns mitt ed  our inpu t from  the legisla tive  
side, if I am no t mistaken from  wh at Ms. Hobso n has  ju st  rec ounted 

4  to us, Mr . De utc h—long known as an opponent of alcohol  fuel, along
wi th Mob il Oil—was  doing  the  o the r thi ng  which  was to shor t circ uit,  
as I underst and the tim e sequence  here , to shor t circui t the  nor ma l 
safe gua rds  th at  are bu ilt  i nto  the  FAC A by,  one, mee ting  wi th the m 

« on the 10th and the  11th and , two,  tak ing the essence of th at  and
tra ns mitt ing it to the Secre tary at  the  tim e when the  Secre tary was 
unde r gr ea t stre ss to fash ion the  na tio na l alcohol fuels policy , for  it 
was, as you  rememb er, on Ja nu ar y 11 th a t the Pre sident enu nci ated 
his alcohol  fuel goals.

So it  seems to me, Mr . Chairma n, and  I could  be wrong, bu t it 
seems to me th at  t he  very  coincidence of th e tim ing  of w ha t w as going 
on at  the  Wh ite Hou se and  wh at was going on with the  Dep ar tm en t 
of Ene rgy at  thi s p oint  in fashion ing b oth  th e goals in  terms  of am ounts  
of alcohol fuel th at  would be produced and  the  policies which were
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reached there, i t seems tha t this was a very clear violation of what an 
advisory board is supposed to be in the first place. It  seems that those 
two actions—one, meeting with the committee; and then, two, trans­
mitting to the President’s chief official on alcohol fuels the essence of 
the report—seem to have said that  the Federal Advisory Committee 
Act is not applicable to the D epartm ent of Energy.

Now, am I totally wrong in the sequence of events and the timing 
of events?

Mr. Cohen. Yes, sir—no, sir, you are not  wrong.
I hesitate, though, before a committee of Congress, to say tha t an 

official has definitely violated the law, without  having full facts. It  
certainly gives that appearance, but  a Federal official can meet with 
an advisory committee to brief tha t committee or a Federal official 
could be communicating to  the Secretary findings of fact made by the 
people rather than advisory recommendations.

Mr. Fithian. Well, let me turn to another vein of questioning, 
because my time will soon expire.

Mr. Moffett. Will the gentleman yield at this point?
Mr. F ithian. I ’d be happy to.
Mr. Moffett. I am not sure why you can’t say tha t he violated 

the law. Is i t that fuzzy? Is it tha t vague?
Mr. Cohen. I haven’t heard Dr. Deutch’s side of the story. I 

understand there’s a GAO investigation tha t hopefully will flush out 
all of the facts.

I have to emphasize again th at I not only have one eyebrow raised 
but  two, but  I  j ust hesitate -----

Mr. Moffett. We have the transc ript here: minutes of the gasohol 
study group of the Energy Research Advisory Board, December 10, 
1979. It  says that at 4 p.m. the entire study  group reconvened to 
review its progress for the Under Secretary. The findings presented 
to the Under Secretary at the end of the first day included, one, 
under normal agricultural and market conditions in the 1980-85 time- 
frame, gasohol production and utilization will displace about 26,000 
barrels a day of oil, and so forth and so on.

What ’s the hesitation  here? He violated the act, didn’t he? We are 
not trying to get you to do something unfair or to have you make a 
conclusion th at is not fair, b ut Congressman Fith ian, it seems to me, 
asked a question tha t you can give a st raigh t answer to.

Mr. Cohen. Mr. Chairman, the minutes of the December 10, 1979, 
meeting certainly indicate to me t ha t the act was probably violated, 
but  then the text of the transcript at the following meeting—and I 
am not a scientist—but  after reading the transcript twice, it seems 
to me tha t Dr. Deutch perhaps was at that meeting exploring the 
methodology used by the panel. So, on a one-page summary of the 
minutes-----

Mr. Moffett. You are saying at the next meeting they weren’t 
giving him advice?

Mr. Cohen. I t’s difficult to tell from the testimony. Dr. Deutch 
certainly was there; he seemed to be exploring the methodology.

The key, or one of the keys, under the Advisory Committee Act 
is whether the committee is providing collegial consensus advice, and 
it ’s difficult for me as a nonscientist to be able to discern whether 
that’s collegial consensus advice.
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Mr.  M offet t. Well, I am no t a sci entis t eith er,  Mr . Cohen, bu t 
look at  this  [refer ring to a tra ns cr ip t before  h im]—t his  is from  th e nex t 
day . I am quoting  now from  the  tra ns cr ip t:

Mr. Deutch. I s the $1.20 the selling price?
Mr. Hinman. I t is very otpimistic .
Dr. Weisz. Methanol is about  40 cents or 50 cents, depending, per gallon.
Dr. Hinman. If we do it on an equal Btu basis, this  $1.20 would have  to go 

up 1.5 times on the Btu equivalent. If we take methanol, it is 40 cents. We have 
to multiply by 2, so i t is 80 cents. So we are talking 80 cents versus $1.20.

Mr. Deutch. W hat is the  $1.20?
Dr. Hinman. Th at is a t the  p lant  gate.
And so f or th  and  so on. Dr Hinm an, at  anoth er point :

« The expectation of new and cheaper technology coming on stream  before these
plan ts have finished their  useful life.

This is i n answ er to a question.
And  then  Mr . De utc h:

* Additional incentive for what may be a  short -term  technology.
All through  this, Mr . De utch  says:
These will not use gas, and they  will not use oil.
Mr. Potts. There are some th at  use coal an d wood. They are the smaller ones, 

not  the larger ones.
Mr. De utch  respo nds :
Are the y up in the West?
Mr. Potts. I cannot tell you that ; the  people did not  give us the specifics.
Does th at  sound like methodolo gy or does it  sound like advice? 

You  don’t need  to be a s cie nti st to know th at  th a t’s advice.
Mr . Cohe n. T he  key,  Mr . Chairma n, from  a legal po int  of view, is 

wh eth er th at advice is collegial and  consensus . I th ink it ’s im po rta nt , 
however, perhap s no t to dwell on wh at  some migh t perce ive as legal 
technicali ties . I th ink wha t’s im po rta nt  is th at a t l eas t t he  app earance 
of the  ac t bein g vio late d, I thi nk , is harmful  to the  De pa rtm en t.

Mr . M offet t. I th an k the  gentl em an for yield ing.  Th an k you , 
Mr. Fi thi an .

Mr . F ith ian . I have one quest ion  which goes on with your  last 
com ment and  th at  is, wh at is harmful to the  De pa rtm en t?

Am I corr ect,  Ms. Hobson, as I look at  the  doc uments, th at  a sea t, 
a spot on the ER AB  was esse ntia lly sav ed for Mob il Oil?

Ms. H obson. I was no t made aware of a memo establ ishing  the
* ER AB  stu dy  grou p, which I say  lat er,  which is da ted  Novem ber  21. 

I t  does ind ica te in th at  memo th at  the re would be one or anoth er of 
two Mobil people on the  c ommit tee.  So, t he  a ppe arance , I would have  
to say,  looked  like the re was going  to be a Mob il person on the

* com mit tee.
Mr . F ithian . Mr . Chairm an,  I would like to req uest unanimo us 

con sen t to include the  m emo from the  Act ing Direc tor  of the  Office of 
Energ y Resea rch  to the  Dep uty Sec retary , da ted  Nov ember  19, 1979, 
in s ett ing up the  panel,  in  which I  thin k Ms. Ho bson’s ch ara cte riz ati on  
is c orre ct. I t  sim ply announces t he  people  th at  should  be  on  t he  pane l. 
When it  gets down to the  las t slot,  it  says  Pa ul Weisz of Mobil Oil or 
Jo hn  McCullah  of Mobil Oil. I th ink  it ’s clea r th at  one seat  was 
saved on the  pane l for Mob il Oil.
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Mr. M off ett . W ith ou t objection, th at  will becom e pa rt  of the  
reco rd.

[The  ma ter ial  follows:]
D epa r tm en t  of E n erg y ,

Washington, D.C., November 19, 1979.
INFORMATION MEMORANDUM

To: Deputy Secretary.
Thru:  Under Secretary.
From: Acting Director, Office of Energy Research.
Subject: Energy Research Advisory Board Study Group on Gasohoi.

PURPOSE

To provide the  Deputy Secretary with information regarding the status of the »Energy Research Advisory Board review of gasohoi.

BACKGROUND

In response to John Deutch’s commitment to the  Deputy Secreta ry to review the gasohoi issue, Dr. Solomon J. Buchsbaum, Chairman of the  ERAB,  is con­vening a special Study Group of the  Board. This Study Group will be chaired by Dr. David Pimentel, a member of the Board from Cornell Univers ity.
DISCUSSION

The Study Group will meet here in Washington on December 10-11 (see atta che d tentative list of members). Dr. Pim tntal underst ands the necessity for rapid  response on this ma tte r and plans to deliver a final report the week of December 24.
Attachement .

E ner gy  R ese arch  A dv isory  B oa rd  Stu dy  G ro u p  on  G as oh ol

Dr. David  Pimentel, Chairman,* Cor- Thomas Stelson,* Georgia Ins titute  of nell University. Technology.
Dr. Charles Coonie, Massachusetts  Paul Weiz, Mobil Oil or John McCullah,Ins titute  of Technology. Mobil Oil.
Richard  L. Hinman,*  Pfizer, Inc.
William Scheller, University  of Ne­

braska.
DOE s taff support:

Sandy  Harris  Rob ert Rabson
Conserva tion and Solar Energ y Research

♦ERAB members.

Mr. F ith ian . Perha ps I  sh ould  ask the  o ther Dep ar tm en t witnesses 
thi s quest ion  as to why  th at  k ind  of a  d eve lopment would tak e place. •

Ms. H obson. Again , we are deal ing in an area here  where we, 
as the adv isory com mit tee ma nag ement  office, were no t notif ied of 
the meetings, where  mem bers  are no t picked by  DO E bu t, rat he r, 
are picked  by  the  chairman of eith er the full com mit tee  or the  *
sub com mittee .

Ask ing whether DO E app roves of thi s is diff eren t from asking 
if it ’s a  vio lation of the  Adv isory Com mit tee  Act.

Mr . F ith ian . I will b ring thi s question back up wi th oth er Dep ar t­
men t witnesses,  bu t it  seems to me th at  we ought to ind ica te for the  
record  at  this time th at  the  chief opponent, in my  view and I thi nk  
in the docume nts,  of the  develop ment of eth yl  alcoho l in the  United 
States  is Mob il Oi l; an d the re is a reason for th at , if I  may  be allowed 
an edi tor ial opinion, Mr.  Cha irman.
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As you  know,  the  development  of the  me thy l pro duction  from  
coal is a chief object ive  of Alobil, and  Mob il sees thi s as som eth ing  
wo rth y of invest ing  millions of dolla rs in researc h, as we see it  as 
wo rth y of invest ing  the  same am ount of money  or more  from  the  
tax paye rs’ funds. I do no t a t thi s po int  wa nt  to argu e th at  we ought 
no t to develop the  me thy l pro duction faci litie s th at  Mobil is working  
on.

W ha t I resent , first,  is the  kind of pub lic stance  th at  Mob il is 
tak ing in try ing  to crowd oth ers  from  the  field; but wh at is even  
more reprehensib le, I th ink is when the  Dep ar tm en t of Energ y seems 
to go along wi th this  by “sav ing a sp ot on the E RA B pa ne l” fo r a repre­
senta tiv e of Mobil. I t ’s well know n, of all the  oil companies, th at

• Mobil is the  chief opponent of this whole dev elopm ent  of alcohol 
fuels ; and  we find in the  Dep ar tm en t’s reco rds itse lf an effort to 
clea rly save  one spot for  them on the  panel. I t  seems to me like it ’s 
put ting  t he  fox in charge of the  chicken coop.

* I believe th a t’s the  bal anc e of m y time.
Mr.  M offet t. The gentl em an’s time has expired.
The Chair  now recognizes the  gen tlema n from  India na , Mr. 

Decka rd.
Mr. D eckard. Th an k you, Mr.  Chairma n. Ms. Hobson , on page  2 

of your  sta temen t you  said  th at  you  lea rned of a Gasohol Study 
Group  mee ting  on Decem ber  10 aft er it  was alr ead y in session, and  
the re were no plans for pub lic pa rti cip ati on  or the  ma kin g of a tr an ­
scr ipt , and , as a m at te r of fac t, it  was a t y our i nit iat ive  th at  we have a 
tran sc ript  of the  hea ring; otherwise, we would not .

When you  did lea rn of th at  mee ting , wh at  co nta cts  did you  hav e 
wi th the mem bers  of th at  pan el and wh at  exp lanatio ns,  if any , did 
they  offer with regard  to the ir conduc t, the  manne r in which the  
members  took the ir responsibili ties?

Ms. H obson . I lea rned abou t the  meetin g on the  evening of the  
10th , and I didn ’t stop to ask  about their  com ments.  I simply got a 
co ur t rep or ter  and  took her  into the  mee ting  on the  11th and  no one 
lit eral ly  said anyth ing  or objected. I said  thi s is ju st  som eth ing  th a t’s 
very im po rta nt  th at  we hav e a public tra ns cr ip t of this mee ting . 
Beyond th at , no thing  was said  by any mem ber  pre sen t, and  no one 
objec ted  to the  tra nscr ipt.

Mr. D eckard. Wha t discussions  did you  have aft er  the  meeting?
Ms. H obson . Af ter  the  mee ting , the re aga in were cons iderable 

t  discussions over the  Gen era l Counsel’s in terp re ta tio n of FAC  A and
wh eth er o r not t hat  subcom mittee or any  other,  th e fus ion, the  weap ons 
lab  stu dy  grou ps, any of the oth er th at  are a pa rt  of ER AB , are 
responsible und er FACA for announcing  meetings, hav ing  a court  

« repo rte r or  minutes  or t he  other requirem ent s. I wa nt  you  to  know t hat
bo th  Ke n and  I are here  to supp ort the  Secre tary and  the  agen cy in 
th a t th is is stil l und er discussion within  the  agency  and is coming up 
as an option for the  Secre tar y’s decision.

Mr. D eckard. Was it  their  feeling  th at they  had no obl igation  to 
meet those requ irem ents?

Ms. H obson. T hat ’s corr ect.
Mr . D eckard. I know th at  you  don’t feel as tho ugh you  wan t to 

make a specific charge of i llegality , bu t thi s is at  bes t an  abuse of the 
pro per  policy in the  formu lation of public policy. Ha s thi s happene d
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before, to your knowledge, in any oth er are a of DO E covering any  oth er subjec t? Have you  found  yourself, as the  Di rec tor  of the  Con ­
sum er Affairs  Divi sion , shut ou t of D OE  meetings and policy deliber­ation s?

Ms. H obson. No. I did und er Secre tary Schlesing er; bu t Sec retary  Du ncan  is muc h more  concerned abou t invo lving the  pub lic in the  process of decisionmaking and pro grams  within DO E. We are no t sh ut  out .
I would like to stat e th at  thi s whole con cep t of hav ing  subgroups  with m emb ers n ot  selec ted by DO E came  up  as a r esu lt of the  N ational 

Petro leu m Counc il Adv isory Co mm itte e’s moving  from  the  Dep ar t­
me nt of th e In ter ior  to the  D ep ar tm en t of Energ y, when it  became  the 
Dep ar tm en t of En erg y; and the  Na tio na l Petro leu m Council has  a »numb er of subgroups —again, it has  96 on the  full com mit tee  and  a numb er of subg roups— who h ave  had 137 mee ting s in 1 year,  differen t subgroups  on diff eren t issues th at  do no t hav e mem bers  of the  main group,  of th e full body, so t hat  the decis ion, the  Novem ber  4 m emo b y *the  Gen eral  Counsel, refer red to the  Na tional Petroleum Council Adv isory Comm ittee, no t to ER AB .

The oth er sub group th at  came  under severe critic ism was the  Weapon s Lab Stu dy  Gro up of Los Alam os and Law renc e-Liverm ore,  where  some of the  mee tings were no t open  to the  pub lic;  the re was a sense of secrecy . There  again , wh eth er it  was illegal or no t, I can not judg e, bu t it  cer tainly  gave  the  publ ic the  idea th at  we were try ing  to hide  and misuse the  Fed eral  Adv isory Comm ittee Act ; and th at  is the  issue the  Secre tary curr en tly  is try ing to resolve.
Mr.  D eckard. Ju st  one final question. In  the  chairma n’s opening 

sta tem en t, he quo ted  the  form er Di rec tor  of DO E’s Alcohol Fuels Office, Steven  Po tts , as saying:
The report was an att em pt to railroad the  gasohol issue by enveloping a biased and fully subs tant iated report in the cloak of supposed scientific judg ment of the  Energy Research Advisory Board.
I wonder if you  would  agree with th at chara cte rization  th at Mr.Po tts  h as made .
Ms. H obson . I th ink from a public po int of view— and again, this  is an issue th at  we know in our  office and  you  know in Indian a is a ma jor  publ ic issue of publ ic int ere st.  I th ink sta temen ts like the  one on page  106 of the  tra ns cr ip t un fortu na te,  and it  has  been  called to my  at tent io n by others.  I would like to read it.
Dr . Hinm an sta tes , when they  discuss on page 106 th at  we are »like ly to reac h 200 to 300 million gallons by 1985, far  lower th an  wh at the  Secre tary has sta ted or the  adminis tra tio n has concurred in, he is told  th at the  figure is inco nsistent. He says , “ Yes, it  is, because I wrot e i t la st n ig ht .” T hat  doesn’t a ppear ve ry sc ientific . •Then Dr . Pim ent el says, “T ha t is a lit tle  bi t more  conserv ative th an  th e oth er one. I th ink th at y ou would make John  D eutch  happ ier  with th at. ”
That  is the  kind of a pos ition th at gives  credence to the  public ’s percep tion  th at  thi s was a staged  gro up to come up with an opinion 

alre ady  held by a certa in group within DO E.
Mr. F ith ian . W ould you yield?
Mr.  D eckard. Certain ly.
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Mr . F ith ian . T ha t sta temen t on 106 and  the  fact  th at the  ER AB , 
the sub com mittee , had  bu t a 2-day mee ting , isn ’t th at  cor rec t, 
Dec ember  10 and 11------

Ms. H obson. T hat’s correc t.
Mr . F ithian [continuing]. To  mak e thi s asse ssment  is rea lly  ju st  

stag ger ing , and  clea rly it is being sha ped  to wh at  they  fee l the  Un der 
Secre tary wanted.

Th an k you  for yielding.
Mr . M off ett . Is the  gen tlem an finished?
Mr. D eckard. Yes.
Mr . M off ett . M s. Hobson,  we hav e establis hed  th at  you  are the  

person  in charge of overseeing the  Federal  Adv isory Comm itte e Act . 
We have a sit ua tio n here  where  a supposedly—and  I emphasize the  
word  “supposedly” —ob jective  scienti fic panel act ua lly  briefs  the  top - 
level Dep ar tm en t of En erg y officials—a person, b y the  way, who helped 
pu t the  pane l tog ether. Th ey  u tilized the  n arrow est—and this is being  
kind—th e na rrowest in ter preta tio n of the  law  to exc lude certa in people 
from  the  m eeting,  n ot  notif y the m abou t i t, no t keep  a tra ns cr ip t, and  
no t pr in t a not ice of the  mee ting  in the  Federal  Reg iste r.

The Dep ar tm en t of E nergy  official proceeds  to use thi s inform ation 
in an at te m pt  to influence the  Dep ar tm en t of En ergy ’s gasohol 
policy. We have poi nted ou t some of the abuses th at  can  occur  from  
thi s kind of procedure, and  you hav e in  fa ct  your self  vo lun teered  th at  
the re are abuses.

W ha t step s hav e you  tak en  to see thi s doesn ’t happen again?
Ms. H obson . We, with coopera tion  from  the General  Cou nse l’s 

Office, will be sho rtly  subm itt ing an option pap er. Incid ental ly,  it has  
been in the  process for the las t 4 months.

Secre tary Du ncan  does like to ge t inpu t from  all of the  offices 
involved, and  I th ink th a t’s a good idea . So it  has  been  circulated for 
com ment, an option pap er with seven  opt ions. The chief option is 
wh eth er or no t the  s ubg roup shou ld come under the Feder al Adv isory 
Comm itte e Act.

We h ave  ta ke n a  sample of all th e o the r Cab inet  agencies. T her e is no 
othe r agency th at  uses subgroups  as we do. The Defense Science 
Board , for ins tance,  the  Sec retary  or his Special As sis tan t appoints 
everyone on th at  Boa rd. I th ink it  has  152 mem bers  now, and  then  
th ey  compose the  sub groups ; bu t they do come under the  Fed era l 
Advisory  Comm itte e Act .

We a re looking for a w ay to  deal effec tively  w ith  t he  ra pid  sc ientific 
advan cem ent s and  to really be agreeable and  to develop a way th at  
scient ists  can  be effec tively  used and still  their decisions can be in the  
pub lic domain.

Mr. M offet t. Y ou sa id th at  o the r agencies do it  d ifferently. Aren’t 
you  really say ing  th at thi s is the  wor st agen cy in this  area? I mean, 
it ’s ha rd for  you to say  th at .

Ms. H obson . I am no t sa ying  it ’s th e w ors t agency.  I  am saying th a t 
the way  we do it, it  can  bo th  be misused and  it can be perceived  as 
being misused.

Fo r inst anc e, two of the  members  of ER AB  are also cu rre ntl y 
cha irmen and  Mr. Buchsbau m is form erly  Chairma n of the  Defense 
Science Boa rd. All right,  if indeed we hav e closed meetings , then  it  
can  be perceived by the  publ ic th at  we are in close league  with the

68 -2 8 1  0 - 8 0 - 2
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Dep ar tm en t of Defense on our R. & D.  efforts. Tha t ma y well be no t 
tru e;  bu t, on the  oth er hand , if we are  to gain  credib ility from  the

Eublic  wi th their  concern ab ou t our  relatio nsh ips  wi th the  Defense 
dep artm ent  as a result  of the  W eapons Stud y Group,  which again  

app eared like it  was set  up to come to  a conclusion alread y reached by  t he  S ecr eta ry,  so t hat  there fore  in o rde r to avoid thi s we a re try ing  
to find a be tte r way.  The Sec retary  wa nts  us to come up with some option s to hear all points of v iew on this .

Mr . M offett . Are you now ge tting  fu ll supp ort for your  corre ctive act ion  from  the  Sec reta ry?
Ms.  H obson . Yes.
Mr. M offett . Are you  ge tting  full support  from  the  General  Counsel? •
Ms. H obson . Yes.
Mr . M offett . F ull  sup port?
Ms. H obson . Ful l support . We hav e no t gone in wi th our  final opinion. *
Mr . M offet t. Bu t there’s no res ista nce  th at  you know of to dat e.
Ms. H obson . The re is no res ista nce  to our  tak ing  the  position  which we do.
Mr . M offet t. One of the  obs erv ations th at  I ’d like to make— and  

the  gen tleman from  India na , Mr . Fi th ian,  might be more fam ilia r 
wi th thi s th an  I am—we have thi s won derfully  tal en ted , mass ive 
coun try  ou t the re,  200 million people, wi th all sor ts of ta lent  and  
expertise. I keep  looking at  these lists , and  we’re recycling people 
through these adv isory com mittee s th a t hav e been  on these adv isory 
com mit tees f or yea rs and  y ear s and  years. Th ey are refugees from  the  
old ER DA, the  Energ y Resea rch  and  Developm ent  Adminis tra tion.Is  th at  w ha t it  was?

[Mr. Cohen nods affirm atively.]
Mr . M offett . T hat ’s ju st  an obs ervatio n. You do n’t hav e to re­spond to th at .
I wa nt  to th an k you  for  your  cooperatio n wi th the  sub com mittee , 

wi th your  app earanc e here  tod ay . I wa nt  to say  on beh alf of the  
sub com mittee —I  think  I can  say  thi s fair ly—th at  it ’s nice to see someone doing their  job.

I was very crit ical  of the  Office of Consum er Affairs under Dr . 
Schle singe r and  Dr . Schlesinger’s tre atm en t of it,  his at te m pt  in fac t 
to kill it. So I  th ink there’s be en some rea l impro vem ent  here , and  we 
are gra teful to you  for ins isting th at you do your  jo b. •Ms. H obson. C ould  I mak e one las t sta tem en t?

Mr. M offet t. Yes.
Ms. H obson. I wa nt  to th an k you  for help ing us keep the Office 

during those very difficult day s when we were indeed  bein g wiped •ou t between Dr . Schles inger and  Secre tary Dunca n.
I ’d also like to say  because of th at int ere st,  we were able  to tak e 

Secre tary Du ncan  on a tri p to Iow a and Illino is. In  f ac t, th at was on 
Novem ber  1 and 2, which star ted th is whole prob lem, because he 
sta ted th a t the  goal would  be the  same goal th at  the  adminis tra tio n 
appro ved—500  million gallons by  the  end of 1981 . He took a look at  
the farm s and  the  farming comm unity—and Bill Ho lmber g se t up 
th at tri p for  him —an d came  up with a higher goal for 1980 th an  the  
ad mi nis tra tio n eventua lly  se ttled  on. So because of his involvement ,
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because of ou r concern with farmers and  because of yo ur  conce rn wi th 
our  Office, we were able to hold the  line again st the  lower figure 
recommended by  the  dr af t ER AB  gasohol rep ort deve loped by  
people  who real ly have never been  ou t here  to Indian a or to Iow a or 
Illinois and nev er talked  wi th anyone.

Mr . M off ett . Well than k you, ve ry much.
Th an k you, Mr . Cohen .
[Ms. Hobso n’s pr epa red  sta temen t follows:]
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Sta tem ent  by T in a H obson, D irector , Off ice of Consumer Aff ai rs ,
D epa rtm ent  of E nergy

Mr. Chairman and members of the Subcommittee, thank you for the 
opportunity to appear before you today in connection with your 
examination of possible violations of the Federal Advisory Committee 
Act which may have occurred in relation to a recent Energy Research 
Advisory Board report on gasohol.

I am going to repeat the testimony I gave during the question and
answer session at the June 25, 1980, hearing before the Subcommittee
on Energy of the Joint Economic Committee. <

I am Director of the Office of Consumer Affairs and have been 
designated as the Advisory Committee Management Officer for the 
agency and therefore have a responsibility for implementation of 
the Federal Advisory Committee Act (FACA).

DOE is in the process of resolving several key policy issues relating 
to advisory committee management. One of the issues concerns the 
extent to which all subgroups of DOE advisory committees should be 
subject to FACA.

In accordance with a DOE General Counsel opinion of December 4,
1978, subgroups of advisory committees may have members who are 
not on the parent committee. These subgroups are not subject to 
the Federal Advisory Committee Act as long as they provide advice
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or recommendations only to their parent committee and not directly 
to a Federal agency or official. Although unchartered subgroups 
are legal in terms of our General Counsel opinion, they may be
misused.

The Gasohol Study Group of the Energy Research Advisory Board was 
established in November 1979. Membership consisted of:

Dr. David Pimentel, Cornell University (Chairman)
Dr. Charles Cooney, Massachusetts Institute of Technology 
Dr. Richard L. Hinman, Pfizer, Inc.
Dr. William Scheller, University of Nebraska 
Dr. Thomas E. Stelson, Georgia Institute of Technology 
Dr. Jack M. Spurlock, Georgia Institute of Technology 
Dr. Paul Weisz, Mobil Research and Development Corp.
Dr. James Vance, Consultant

Messrs. Pimentel and Stelson were members of the parent ERAB.

The only meeting of the Gasohol Study Group, of which I am aware, 
was held December 10-11, 1979. Notice of the meeting was not 
published in the Federal Register.

I learned of the Gasohol Study Group meeting on December 10 after 
it was already in session. There were no plans for public partici 
pation or the makiiig of a verbatim transcript. Although public 
participation and making of verbatim transcripts may not have been 
legally required, I believed that the issue of alcohol fuels was



18

very significant and of great public concern. Therefore I per­
sonally took a court reporter to the meeting on the second day 
and had a transcript made.

On December 19, I met with Ed Frieman, Director of Energy Research, 
his Director, Office of Advisory and Liaison Programs, Bill Bartley, 
and Sol Buchsbaum, Chairman of the Energy Research Advisory Board.
We reached an agreement on some procedures related to subgroups of 
ERAB. Part of our agreement was assurance by Dr. Buchsbaum that 
reports would be submitted in preliminary draft form to ERAB for 
approval before they are submitted to DOE. This would insure review 
by a balanced committee that includes three consumer members, in­
cluding Amory Lovins.

On December 19, 1979, John Deutch forwarded a draft of a memo to 
the Secretary dated December 17, 1979, to several DOE officials for
comment. The draft memo contained recommendations for the DOE
Gasohol Strategy which Dr. Deutch stated was based on "...most 
importantly,... the results of a Committee of the Energy Research 
Advisory Board..."

I called Dr. Buchsbaum and pointed out that in spite of our verbal 
agreement, the Gasohol Report would apparently have an impact in 
DOE before it was approved by the full ERAB.



19

I also wrote a memorandum to John Deutch on December 20 calling 
attention to the implication in his draft memo of December 17 
that the results of the Gasohol Study Group were approved by the 
full Board.

At the May 1 and 2 meeting of ERAB, the Gasohol Study Report was 
on the agenda. Amory Lovins, a member of ERAB, advised me on 
April 29 and 30 that he was not notified of the May 1 and 2 meeting. 
Amory Lovins has since indicated that all his back mail has been 
received and there was no notice of the May 1-2 meeting.

•

I took one of the people Mr. Lovins recommended as his alternate,
Ken Bossong, of the Citizen's Energy Project, to the meeting. However 
Dr. Buchsbaum would not allow Mr. Bossong to serve as an alternate 
although Richard Alban had been listed as an alternate to Roland 
Schmitt, General Electric, at the February 8, 1980, meeting. I 
want to add that Dr. Buchsbaum contends that Mr. Alban was in fact 
present not as an alternate but as a resource person on a specific 
report because of his participation in its preparation. Mr. Lovins 
has since sent a letter to the Secretary indicating his disagreement 
with many of the findings in the Gasohol Report.

In order to accommodate the special need to obtain advice directly 
on short-term programs or when time is of the essence, to allow 
increased public participation, and still comply with the Federal 
Advisory Committee Act, my office suggested and our General Counsel 

* formally recommended to OMB that short-term committees (less than
one year) be exempted from the requirement that they be chartered, 
but continue to require that they comply with all other provisions 
of FACA and implementing regulations.

This concludes my testimony and I will be glad to answer any 
questions.



20

Mr. M offet t. Our  next witnesses are Mr. Be rt Greenglass , the  
Act ing Direc tor  of the  Dep ar tm en t of En erg y Alcohol Fue ls Office, 
accompanied  by  W illiam  Hol mberg of th at  s ame Office.

Gen tlem en, you know th at  i t is the  p rac tice of t he sub com mittee  to 
swear in all witnesses.  Please raise your  r ight  han d.

Do you  swear to  tell the  whole tr uth  and nothing  bu t the  trut h,  so help you God?
[Chorus of “I  do .”]
Mr. M offet t. Th an k you. Tha nk  you  for being  with us, and  for 

coming ou t here  f or the  hearing . As you perhap s heard  me say  to the  
prev ious  witness, wi tho ut object ion  we will cons ider your sta temen t 
as a  p ar t of the reco rd and  you m ay procee d in any way th at  you wish. 
You ma y pa rap hrase  the  sta temen t, if you wish.

STAT EMENT OF BER T GREENGLASS, ACTING DIRECTOR, DOE AL­
COHOL FUELS OFF ICE; ACCOMPANIED BY WILLIAM HOLMBERG,
DIRECTOR OF MARKE TING SUPPORT

Mr.  Green glass. Mr.  Chairma n and  mem bers  of the  com mit tee , 
I than k you  fo r this  o pp or tuni ty  to discuss the  Dep ar tm en t’s respo nse 
to the  April  29, 1980, rep or t of the  Gasohol Stud y Gro up of the  
Energ y Researc h Adv isory Board  on gasohol.

Mr . Chairman, if I ma y before I get  star ted,  I would like to aga in 
introd uce  Mr . Holmberg who is cu rre ntl y the  Dir ector of Mark eting  
Support  fo r the  Office. I ’d also like to po int  ou t th at  he is the  leading 
director—ind ividual—i n the  dev elopm ent  of our  reply to the ER AB  
stu dy  and  is h ere for  th at  r eason.

Before I get  into the  euphony of words th at  ma y make some of 
the  points  th at  we wa nt  to mak e, I ’d like  to real ly stat e at  the  ou tse t 
th at  t he  Dep ar tm en t of E nergy and  Secre tary Du ncan are foursquare 
beh ind  the  alcohol  fuels pro gram.  I ’d also like to poi nt ou t th at  the  
ER AB  stu dy  has  no t had a negat ive  influence upo n the  financial 
indu str y itself.

I ’d also like to poi nt ou t th at  the  ER AB  stu dy  was unu sua lly  
conservat ive  when address ing ethanol pro duction  and  was unu sua lly  
optim istic when address ing me tha nol. In  fac t, the  pro gra m as the 
Dep ar tm en t h as now establis hed  i t does add ress  e thanol very optim is­
tica lly, very pos itive ly, through  the  du ratio n of 1980 thr ough 1985, 
at  which tim e we antic ipa te bringing on a fo rm of cellulosic conversion 
which  would the reb y brin g abou t ethanol from  cellulose and  sup ple ­
me nt  the pro duction  of ethano l from  gra in.  And the n by  1990, we 
hope  to bring in  m ethano l pro duction  f rom coal, giving us conti nu ity  
and heading us tow ard  the  com plete goals  of the Dep ar tm en t and 
th e ad mi nis tra tio n for the  pro duction  of alcohol.

Following  the release of the  ER AB  gasohol rep ort, the  Sec reta ry 
of En erg y directed the  Office of Alcohol  Fue ls to review and  resp ond 
in detail  to the  ER AB  repo rt’s recommenda tion s and  rep or t bac k 
to him. We hav e completed our  tech nical review  of t he ER AB  r eport , 
and  we expect  to forw ard our  pos ition on it  to the  Sec retary  in the  
imm ediate  future .

The Office began its review  of the  ER AB  gasoho l rep ort vir tuall y 
the  day we rec eived it . Our rev iew h as b een a de tail ed and  techn ical  one 
and  includes inform ation provided by  the Solar En erg y Research
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In st itu te , the  Na tional Alcohol Fue ls Commission, the  Idaho Na­
tional  En erg y Laborat ory , the  Na tio na l Alcohol Fue ls Pro duc ers  
Associat ion, and  many,  ma ny mem bers  of the  you ng industry, as 
well as the  scientific a nd tech nica l communities. Some of th e co un try ’s 
mo st knowledgeable  people in the  field of alcohol fuels pro duc tion, 
including ma ny  with a pra gm atic han ds-on alcohol  pro duction exper­
ience, reviewed our orig inal  dr af t repo rt and  subm itted  their  own 
com ments and  critic isms. These com ments  and  criti cism s are in­
cluded in our  la test  p rod uct . Thus,  the final response before  yo u tod ay  
rep resent s a cu rre nt  thou gh t and  expe rience of fuel alcohol  pioneers  
on the  fro nti er of this deve loping new indu str y as well as the Office 
of Alcohol Fuel s.

I would like to sum marize  some of ou r pre lim ina ry findings tod ay. 
Th ey  are:

Th e Na tio n can  and will meet the admin ist ra tio n’s e thanol  pro duc­
tio n capacit y goals,  as well as those set  by Congress in the  Energ y 
Security  Ac t of 1980. The Gasohol Stud y Group  est imate s for  1985 
eth anol pro duction , which  did no t pre dic t la te r sign ificant  adm inis ­
trat io n and cong ressional  alcohol fuels in itia tives,  are thu s ou t of date . 
We may, in fac t, exceed ER AB  est imate s by  as much as tenfold  in 
1981 and  1985.

Pro duction  of eth anol from  biom ass is commercial ly ava ilab le and  
in widespread opera tion throu ghou t the  coun try  tod ay.  The growing 
alcoho l fuel indu str y is alre ady  reducing our  dependence  on imported 
oil through  increasing  d omestic eth anol produc tion.

Th ree : Man y technolo gica l and  ene rgy-saving advances in ethano l 
production processes are  occurring at  an acc elerati ng pace. Etha no l 
produc ers  in m any p ar ts  of th e co un try  are realiz ing s ub sta nt ial  energy  
gains now and expect even grea ter  efficiencies in the  near  term.  With  
thes e advances, the  ne t energy b alance  of alcohol fuel pro duction  will 
con tinu e to improve . I t is alread y pos itive and  ge tting  be tte r.

Fo ur : Ad mi nis tra tio n and  congressional  ethano l pro duction  and  
capacit y goals  can  be met wi thou t an adverse  effect on food supplies 
or prices.  There  are sign ificant opportu nit ies  to use agric ult ura l and 
food processing w aste  p rod ucts and  to develop  h igh-yield ene rgy crops 
for subs tan tia l pro duction of ethano l, there by  reducing cost  to the  
consumer. Fu rth er , the  ethano l-f rom -grain  process prod uces va luable , 
pro tein-r ich  coproduc ts which  are su itable  for  export and  domestic use .

Farm-scale  eth anol pro duction can  str en gthe n the  fam ily far m by 
generat ing  a ste ady cash  flow to farmers while  pro vid ing  an  un in­
ter rupti ble  s upply  of h igh-grade  liqu id fuel to power f arm  machinery.

I t mus t be rem embered th at  the ER AB gasohol rep or t was un de r­
tak en  on a quick tu rnarou nd  basis , accord ing to ER AB  Ch airma n 
Dr . Solomon Buchs bau m. Th e Gasohol  Stud y Gro up met for 2 days, 
on Dec ember  10 and  11, 1979; and  at  th a t time, by  all accoun ts, the  
group agreed upo n a numb er of findings and recommenda tion s. They 
issued a dr af t repo rt 2 day s lat er , on Decem ber  13, 1979. Now while 
the  group subm itted  its  final gasohol rep or t to the  ER AB  Ch airma n 
on A pril  29, 1980, th e stu dy  was conducted, in f act , in Decem ber  1979.

The following events,  w hich have  h ad  s ub sta nt ia l im pact on alcohol 
fuels dev elopment , occu rred  during the firs t 4 mo nth s of 1980 aft er  
the  stu dy  was con duc ted  bu t before the final ER AB  repo rt was  sub ­
mitted  to the  Secre tary:
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One : On Ja nu ar y 11, 1980, the  Presi dent ann ounced  a com prehen­
sive na tio na l alcohol  fuels program to acceler ate dom estic  pro duction 
of alcohol fuels  from nonpe trol eum  sources. Th e pro gram seeks to 
quadrup le Ja nu ar y 1980 alcohol pro duction capacity by the  end of
1980 and s ets a ta rg et  for d omestic pro duction capabilit y of 500 million 
gallons  dur ing  1981. As I said  earli er, we an tic ipa te  achieving the
1981 goal.

Two: On Fe brua ry  14, 1980, the  Office of Alcohol  F uels was created 
wi thin the  Dep ar tm en t to promote eth anol pro duction  from  biom ass 
and  to imp lem ent  the  DO E alcohol fuels  pro gram.

Three : On Apr il 2, 1980, the Crude Oil Win dfa ll Pro fit Ta x Act of 
1980 w as signed into law by the  Presi dent.  Amo ng othe r ince ntives, 
the  ac t con tinu ed the  4-ce nt-per-g allon Federal  excise tax  exempt ion 
for gasohol for 8 more yea rs— th a t’s f rom  1984 through  1992. I t  pro­
vided new incom e tax  credits  for  alcohol-gasoline blen ders and ex­
tended  thro ugh 1985 t ax  cre dits  for alcohol fuel p rod uction e quipm ent .
This ac t i n i tsel f o bv iated  in  la rge  p ar t the est imate s and  assu mption s •
of the  ER AB  stu dy .

Fo ur : The En erg y Sec uri ty Ac t of 1980, con tainin g add itio nal 
financia l inc ent ives to  sti mula te alcohol fuel s from biom ass p rod uct ion , 
was adv anc ing  th rou gh  Congress wi th incr eas ing  assurance of passage.
As you  know,  it  was signed into law on Ju ne  30.

Fiv e: Demand for gasohol at  the  p um p has  steadi ly increased, wi th 
the numb er of service s tat ions  th roug ho ut  th e coun try  offe ring gasohol  
to mo tor ist , nea rly  doubling. Today, the re are  over 5,000 sta tio ns  
selling  gasohol in thi s country , and the dem and  con tinu es to rise.

I do no t th ink it  is necessa ry to explain  to thi s com mit tee  the  
significance of these congressio nal and  admi nis tra tio n ini tia tiv es . 
Members of thi s com mittee  were in str um en ta l in mov ing the  Cru de 
Oil Windfal l Pro fit Ta x Act and  the  En erg y Sec uri ty Ac t throu gh  the  
Congress.  The Dep ar tm en t and  the  Office of Alcohol  Fue ls would like 
to th an k the com mittee mem bers  for the support . Likewise, the  
Secre tary recent ly test ified before the Na tio na l Alcohol Fuels Com ­
mission on the  Dep ar tm en t’s str ong comm itm ent to increased pro ­
duction  and  use of alcohol fuels, whe n he s ta te d :

The Departm ent of Energ y is comm itted to two objectives in this area: to 
achieve the President’s alcohol fuels produc tion targ et and to implement aggres­
sively the  mandates of Congress. This effort  is already  underway.

The Sec retary  has  provided the Office of Alcohol  Fue ls wi th com­
ple te and  full supp ort to  achieve these goals. «

I t  should suffice to say  the  conditions  affecting  dom estic  alcohol 
fuels  d eve lopment changed  dram atical ly in the firs t 4 mo nth s of 1980.
These changes, as evidenced in the  events desc ribed abov e, and  their  
likely im pact on the  development  and  pro duction  capacity of the »
grow ing alcohol fuels industry, were no t cons idered by  the  Gasohol 
Study Gro up,  nor were they  f actors  of the findings and  reco mm end a­
tions con tain ed in the  r eport . The final ER AB  rep ort was s igni ficantly  
ou t of da te at  the  tim e of its release as a res ult  of the  previously  
mentio ned  far -reach ing  congressional and  adminis tra tion alcohol  
fuels ini tia tives which occu rred  in the  int erv ening  period betw een 
Dec emb er and  April.

Nevertheless, it  is essentia l th at  we add ress the  ha rd issues pre ­
sen ted  by  the  challenge of develop ing a new indu str y such  as alcohol
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fuels. Some of these issues are technical in nature , and our response 
attem pts to address the two most prominent issues raised in the 
E R A B  report: The  question of food versus fuel and the net energy 
balance of ethanol production.

The  Secretary  of Agriculture recen tly testified before the National 
Alcohol Fuels Commission and state d:

Disti llation capacity, not agricultura l feedstocks,  is curr ently the restraining 
factor  on fuel alcohol production. At the present time, adeq uate  supplies of corn 
and other  fermentable commodities are ava ilab le from the market at com petitive  
prices.

Cyc lica l weather patterns, of course, will affect  the ava ilab ility 
and price of agricultural feedstocks, but  the Secreta ry further stated, 
“ As matters now stand, we don’ t think the food versus fuel issue 
is a serious question because a modern recovery  system can convert 
starch and leave  protein.”  He then added tha t he did not anticipate 
any  food shortages as fa r as our coun try is concerned.

The  Office of Alcoh ol Fuels is curre ntly exploring the vas t potential 
of ethanol  production from agricultural and food processing waste  
products, high-yield energy  crops, and new technologies in cellulosic  
conversion. Developments of these fronts  offer the possibilit y of 
substantial ethanol product ion capacity  with out  significant impact 
on food supplies by  the mid-1980’s. In fac t, there is no question 
tha t we can achieve the admin istrat ion’s goals for 1985 with out in 
any  way affecting food production or food ava ilab ility  or food prices. 
It  must also be remembered that, when grains or other  edible feed­
stocks are used in the ethanol production process, a portion of the 
feedstock  is converted to valuable protein-rich coproducts, such as 
corn gluten meal or distil ler’s dried grain, which are suitable for 
export and domestic use.

When the food versus fuel issue is raised, it is often implied tha t 
were corn or other  feedstocks not used for alcohol production, they 
would go toward feeding the world’s poor. However, 90 percent of 
the whole corn sold in this coun try goes to cat tle feed. Most exported  
corn goes to developed countries, where it is used for animal feed. 
Thus , for the most part, this grain is not used to feed the world’s 
poor in underdeveloped countries. Yet  this animal feed market 
could be furth er developed by exporting protein-rich distil ler’s grain 
or wet  and dry milling concentrates tha t can be combined with local 
carbohyd rates  and forage crops to balance the feed rations.

The net energy  balance issue was also raised in the E R A B  gasohol 
report,  which concluded that , utiliz ing the best available  technology  
before 1985, the net energy balance is abou t zero for ethanol produced 
from corn and other crops in fermentation/distil lation plants. If  the 
fermentation/dist illation  plants are fueled, it says,  by  coal or wood, 
each gallon of ethanol produced could save  roughly  0.5 gallons of oil. 
E R A B  used ver y conservative assumptions  in arriv ing at this con­
clusion. For example, the y assumed tha t the mechanical equivalent 
of ethanol to gasoline was less than equal, while in fact, in the very 
report  they subm itted,  they showed in parentheses energy balances 
which were based on mechanical equivalency.  Mechanical equivalency,  
I would like to point out, means the miles per gallon  tha t can be 
achieved by a vehicle if it ’s driven on gasohol versus regular gasoline.
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I t  is general ly accepted now th at , due  to the oth er fac tors of alcohol  
and gasoline, the  mec hanical  equ iva lency should be at  lea st equa l. 
The refo re, even  in th at  report, in p are nth ese s, the y p rovided a positiv e 
energy balanc e paren the tically incl ude d and noted  in their  detailed 
note s.

There  are tw o p oin ts which mus t be  ke pt  in mind in  any discussion  of 
ne t energy balanc e for alcohol fuels pro duction . Fi rst , technological  
and  ene rgy-sav ing advances in production processes are occurring at  
an accelerati ng pace,  result ing  in su bs tant ia l energy gains now and 
even  g rea ter  energ y efficiencies in the  near term.  W ith  these advances, 
the  ne t energy balanc e of alcohol  fuel pro duction  will con tinue to 
improve .

I hav e been advised  th at  here a t Pu rdue  t he y have in  f ac t h ad  some 
rec en t ap pa rent  breakth rou ghs which would increase  the  energy 
efficiency of ethanol pro duction. We are hopin g to see some of th at  
la te r tod ay.

Second, ene rgy  bala nce  is a nonissue to the  exten t th at domestic  
ethano l pro duction, util izin g nonpetrole um  sources, reduces our 
depe nden ce on imported oil, thus  co ntr ibuti ng  to our  balance of 
paym ents and  na tio na l security.

At  a rec ent hea ring on gasohol allocat ion  before the  Econom ic 
Re gu lat ory Ad mi nis tra tion, one majo r oil com pan y est im ate d th at  
for eve ry bar rel  of eth anol used as a gasol ine blending  com ponent , 
gasol ine yields could be increased by  as much as two barrels , 2 to 1.

The  U.S. General Accountin g Office, in a June  3, 19 80 , repo rt on 
po ten tia l of eth anol as a mo tor  vehicle  fuel, addressed the  ne t ene rgy  
issue and  sta ted,  as follows:

Our work in the  area has shown t hat  n et energy a nalysis is not an exact science—  
that is an understa teme nt— therefore,  any two or more studies  of a particu lar 
energy system can yield  va stl y differing results, depending on the methodologies, 
approaches, and syste ms boundaries selected.  There is also a tend ency to ove r­
emphasize net energy aspects of ethan ol as a fuel, thereby losing sight of the real 
obj ect ive: producing usable  liquid fuels. For  example, using coal to fire the 
distilleries to process grain and other  crops into ethanol may, as some studies  
show, result in a net energy loss. Bu t the process produces a fuel which is more 
readily adaptab le for certain uses, for example, moto r vehicle fuel.

I supp ort thi s pos ition completely,  and  I would go even  furth er.
In  conclusion , the  na tio na l alcohol  fuels pro gram will achieve the  

pro duction  c apacity  goals ann oun ced  b y the  Pre sident  as well as those 
set  by Congress  in the  En erg y Security  Ac t of 19 80 . These goals can 
be me t wi thou t an adve rse effect on food supplie s or prices . Dom est ic 
eth anol production is alre ady  reducing our  depe nden ce on imported 
oil. Wi th technolo gica l and  energy-saving advances now coming on 
line, we are beg inning  to realize  subs tan tia l ene rgy  gains,  and  the  ne t 
ene rgy  balance of alcohol fuels pro duction  will con tinu e to improve .

There  is much work ahead to achieve these goals. Co ns tra ints and 
barrie rs to alcohol  fuel pro duction and ma rketi ng  mu st be identified. 
Re gulatory  req uir em ents mu st be stream lined to bring addit ion al 
ethano l production capacit y on line as soon as possible, and  research 
and  deve lopment mus t be d irec ted tow ard  t he  nu merous opportunit ies  
to make ethano l pro ductio n processes even  more  ene rgy  efficient.

The  ER AB  rep or t is beh ind us. At thi s time, we mu st move  ahe ad 
to develo p a nd promote the  fledgling a lcohol  fuels  indu str y and  to m eet
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the  ambiti ous  bu t achievab le goals for alcohol  pro duction th at  the  
Presi dent and  you, the  Congress, hav e set.

Mr . Chairma n, thi s concludes my  p rep are d tes tim ony, and I would  
be pleased to answer any  questions you  ma y have.

Mr . M offet t. T ha nk  you very much, Mr . Greenglass .
At  th is time , the  Chai r will recognize m embers  for quest ion ing  under 

the  5-m inu te rule.  The Chair  now recognizes the  gen tleman from 
Indian a, Mr . Fi thi an , for 5 m inut es.

Mr . F ith ian . T ha nk  y ou, Mr . Chairma n.
Th an k you  for your tes tim ony. I mus t say , Mr . Gree nglass, th at  

this tes tim ony and  this sta temen t thi s morning is abou t 180 degrees 
ap ar t from  the  ER AB  rep or t of Decem ber . I commend you  all for 
tak ing  a more  careful look at  it.

As I  u nders tan d the  overal l e ssence from  yo ur  test imony and  o thers, 
the  goals  and  the  achievab le production goals th at var ious people 
and var ious studie s rep ort , it  goes som eth ing  l ike thi s: The Presi dent 
has  ann oun ced  the  goal of 500 m illions gallons per  y ear by the  end of 
1981. Is th at  corre ct?

Mr . Greengl ass . P rod uc tion cap aci ty,  th a t’s r igh t.
Mr . F ithian . And the  Dep ar tm en t of En ergy ’s repo rt bac k in 

Ju ne  1979 set  500 million  gallons per  y ear by 1985.
Mr . Greengl ass . T hat ’s right.
Mr. F ithian . So acco rding  to th at olde r rep ort, it  would tak e an 

add itio nal 4 yea rs to arrive at  th at  production level.
Mr. Greengl ass . T hat ’s correct.
Mr. F ith ian . Th en a year  la te r in your  Ju ly  1980 est imate , you 

hav e upp ed th a t to 2 to 3 billion gallons per  year by  1985. Is th at  
correct?

Mr. Greengl ass . I t ’s 2 b illion, yes.
Mr. F ithian . T wo billion?
Mr. Greengl ass . Yes.
Mr. F ithian . In  1 year you hav e increased your  est imate  by  400 

percen t in terms  of the  pro ductive capaci ties  achievab le.
Mr. Greengl ass . I t would appear th at  way, yes.
Mr. F ithian . Just  fo r the  record, Mr . Chairma n, I would po int ou t 

th at  the  Office of Tec hnology  Assi stance in their  rep ort , in October 
1979, est imate d a range of 1.3 bi llion to 2.6 billion gallons by the  end 
of 1980. So, th at  is p re tty mu ch in keeping  wi th wh at  you  now believe. 
Is  th a t correct?

Mr. Greengl ass . T hat ’s true , yes.
Mr. F ith ian . A nd finally , the  GAO repo rt pro jec ts it  on out in the ir 

assessment to 11 billion gallons a year  by the  year 2000. I th ink th at  
the  opt imism of those  of us who believe thi s is a v iable alt ern ati ve  is 
now more  and more  being cor rob ora ted  by  wh at you  are say ing and 
wh at thes e o the r repo rts  a re saying, and  i t was for th at  reason  t hat  the 
ER AB  report  seemed so m uch  like  the  p riv ate  who was the  on ly one in 
line th at  was ou t of step . The fac t th at  it was fashioned in 2 days, I 
really wonder  a t th at  process. You know, we hav e sc ientist s in  th e field 
working for yea rs and  we pull tog eth er a han dfu l of people and the y 
whip ou t a rep ort  upon which you in the  sector  are supp osed  to make 
po licy; and  they  do this in 2 days . I really wonder, Mr . Chairma n, 
wh eth er we sh ould  fund  such act ivi ties at  all. T hat ’s m y own edi tor ial 
opinion.
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Let me turn to one other comment on your testimony, on page 2. 
You say that, for example, one company may produce the ERAB study 
group’s 1985 production estimate by the end of 1981. I presume you 
are referring to Archer, Daniel Midland.

Mr. Greenglass. Tha t is possible; yes.
Mr. F ithian. I visited that company in January and looked at their 

facilities. They are building, 24 hours a day, expansion; and they told 
me at  th at time, in January, tha t they expected themselves to be able 
to go to 400 to 500 million gallons per year at the end of this year, 1981. 
If th at ’s the case, then clearly they are going to exceed everything tha t 
the ERAB people thought was achievable by 1985.

My question is, with all of the information tha t was around—this 
just didn’t generate since December—some of the findings of ERAB 
contradic t data that’s as old as 1937. So, 1 appreciate your testimony 
and appreciate your thrus t here, but  one part of it t ha t I have a little 
trouble accepting is the notion tha t the error crept in because of the 
lack of advance between December and April. I think the error was 
built in, in some fashion or another, simply because of all of the other 
evidence. Certainly the President didn’t grab tha t figure out of the air 
in January, nor did you grab the figure out of the air 4 months earlier.

Well, I have a couple of questions, specific questions to your testi­
mony. One is on page 6, and this is really my central concern. In 
Janua ry, after the discussion of the possibilities of policy, I asked this 
question and I would ask you the same question th is morning. I said : 
But is everybody on board? Are all policymakers pointed in the same 
direction?

You say that the Department of Energy is committed to two objec­
tives on page 6, in this area: To achieve the Presiden t’s alcohol fuels 
production targe t and to implement aggressively the mandates of 
Congress. This effort is already underway. I realize your enthusiasm 
and I realize your position you are moving into, but  again I have to 
as the question, whether or not all policymakers are pointed in the 
same direction.

It  has been my sad experience over the past 4 years to discover that 
rarely were two policymakers pointed in the same direction.

Mr. Greenglass. I  th ink that at the Department of Energy at this 
point in time, the fact is accepted tha t alcohol fuel is here and tha t 
ethanol production is going to proceed at a rate far greater than 
previously anticipated.

Mr. F ithian. What are your chief obstacles in the Department, to 
actually getting an across-the-board commitment to us or who are 
your chief obstacles?

Mr. Greenglass. I think at this time I would have to say tha t the 
obstacles are coming down. Every agency has its form of bureaucracy 
which takes a lit tle time to turn  around and go with the trend. I would 
have to say tha t the bureaucracy at the moment is the  only barrier. 
Taking time to let the office get established and to achieve i ts pro­
grams; and getting the funds we need, not only for the financial incen­
tive tha t the Congress has provided us funds for, b ut funds to operate 
with and to perform the research and the work necessary to overcome 
constraints and barriers to the producers.

Mr. F ithian. Mr. Holmberg, you have been in at least a couple of 
different pressure points in the Depar tment  in the pursuit of alcohol



fuels. I would ask you the same question. What are the chief obstacles? 
What have been the chief obstacles in the last 18 months or 2 years 
and what are the chief obstacles now, for I get reports from several 
people at working levels around, throughout the Department, that 
all is not yet well, believe me?

Mr. Holmberg. Mr. Congressman, I think the chief obstacle, as 
Bert Greenglass pointed out, is the bureaucracy itself. It ’s got a 
momentum; it ’s got a mind set that moves a t a given pace. We are 
trying to deal with that . If we don’t deal with it gently and skillfully, 
in spite of the fact tha t we have full support from the Congress of the 
United States, the bureaucracy has a way of simply delaying things.

Mr. F ithian. Well, let me ask you as longtime experienced people, 
in 4 or 5 years of dealing with this it is my perception—and I could 
be wrong, Mr. Chairman—but it is my perception tha t the Dep art­
ment has been certainly under Mr. Schlesinger, and less so now, 
essentially dominated by two kinds of people: those people who have 
a nuclear background and are pointed in tha t direction and believe 
sincerely tha t the solution to America’s energy policy is in the expan­
sion of nuclear power, and those who have a background of experience 
in petroleum. Those of you who are in alcohol fuels are really new 
kids on the block. Even the old technology of coal is the orphan child 
of the energy family.

Now, Mr. Moffett is on another energy and power subcommittee 
and perhaps his view is like mine or different from mine on tha t, but 
it still seems to me th at despite your  enthusiasm, Mr. Pot ts’ obvious 
enthusiasm before you, th at when it comes to real clout in the Energy 
Department, when the push comes to shove for the mind of the 
Secretary, it  still is nuclear and petroleum. Now, am I right or wrong?

Mr. Greenglass. I don’t think I am really in a position to say 
whether it is or not. I can say tha t the Secretary pays a great deal of 
attention to our needs. Whether our needs are always properly com­
municated to him as quickly as they should be may be a problem.

Mr. Moffett. Would the gentleman yield?
Mr. F ithian. I would be happy  to  yield.
Mr. Moffett. I think the gentleman raises a very important point 

here. Mr. Greenglass, when you say your views are always communi­
cated to him, it sounds like you are a parish priest trying to get 
something to the Pope in Rome. Do you talk to him?

Mr. Greenglass. Yes; I do.
Mr. Moffett. Do you report directly to him?
Mr. Greenglass. Yes; I do. I do report directly to him, but  the 

daily routine matters of budget, of acquiring space, and of acquiring 
people are handled through the bureaucracy.

Mr. Moffett. Well, if the gentleman will yield fu rther  just for a 
moment, what does it mean when you say, in response to my question, 
tha t you report  directly to him? I thought you reported to Mr. 
Stelson.

Mr. Greenglass. Organizationally at this time, I report  to the 
Assistant Secretary through the Deputy Assistant Secretary, and so 
on.

Mr. Moffett. So you report to the Deputy Assistant Secretary who 
reports to the Assistant Secretary-----

Mr. Greenglass. That’s right.
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Mr. Moffett [continuing]. Who is on this Gasohol Study Group, 
by the way-----

Mr. Greenglass. Yes; he was.
Mr. Moffett [continuing]. Who then reports to the Secretary 

presumably?
Mr. Greenglass. Yes. In  fact  then he too, though, reports through 

the Under Secretary.
Mr. Moffett. Through the Under Secretary to the Secretary?
Mr. Greenglass. That’s correct.
Mr. Moffett. All right, now tha t that ’s established, what  is the 

nature of your relationship, this direct relationship tha t you have 
just  told us about, with the Secretary? How does th at manifest itself?

Mr. Greenglass. I intended to really qualify it, to point out 
tha t personally I  can discuss the matte rs with the Secretary, and I  do 
deal on a daily basis with his immediate staff. Organizationally, I do, 
as just noted, report through a structure tha t is far more complex 
and t ha t was the point to which tha t I referred. *

Mr. F ithian. Well, let me in terrupt. It  isn’t just tha t it  is complex.
Tha t is the nature  of the beast; tha t is the nature of the bureaucracy.

Mr. Greenglass. Yes; it is.
Mr. Fithian. What is bothering some of us is tha t you must, on a 

practical matte r, funnel it through—your input to the Secretary— 
through a person who sat on a panel tha t devised and agreed to a 
report  tha t is patently  false. It  is very negative to alcohol fuels, and 
it is clearly an effort to sidetrack gasohol as a national issue.

In the Office of Alcohol Fuels, as I understand the flow chart,  you 
are sit ting there reporting through someone who is very negative on 
alcohol fuels. Before Mr. Deutch’s departure,  he then—th at is the 
second echelon—had to report to Deutch who was even more opposed 
to alcohol fuel. By the time it got to Schlesinger, it ’s a wonder tha t 
we ever had any support for alcohol fuel. I think with Charlie 
Duncan’s best intentions, we still have some of the same fundamental 
structu ral problems and we still have to go through some very negative 
individuals.

I want to take just one more question, Mr. Chairman, and then 
I will subside.

On page 11, you say what I wish were true; and, tha t is, tha t the 
ERAB report is behind us and at this time we must move ahead to 
develop and promote the fledgling alcohol fuels industry, et cetera.
I ’d have to ask you whether or not the impact of the ERAB report ,
is truly behind us. As I  understand it, this is as yet the official ingre­
dient of the Depar tment’s policy and programs and for people out 
in the hinterland who, for example, go into local banks and try to 
borrow money or get fronting for this, this is a new technology and „
the bankers do not know whether somebody is being sold the Brooklyn 
Bridge. They turn  to the Depar tment  of Energy, and the official 
document of the Department of Energy says no future for alcohol 
fuels. What does tha t do to the credit rating of the person who wants 
to set up an alcohol fuels plant for a co-op out here?

Mr. Greenglass. It  unquestionably has had an impact.
Mr. F ithian. An adverse impact, is tha t what you are saying?
Mr. Greenglass. In the hinterland, yes; not within the Department.

It  is not Department policy; it is not part of this policy; we have not
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used  it to da te;  bu t it has  had  an effect in the  hinte rla nd  and  th er e’s 
no que stio n abou t it.

Mr . F ithian . In  your rep ort , wh at you  presen ted  to the  cha irm an 
and  to the  com mit tee , will thi s then  be wh at  shou ld be looked to 
in the  next 6 mo nth s and  the  next ye ar  as the  real  policy of y our 
De pa rtm en t?

Mr. G reenglass . Abso lute ly, and  it is a t thi s mo ment the  policy 
of the  De pa rtm en t.

Mr . F ith ian . T ha nk  you, Mr . Chairma n.
Mr . H olmberg. Mr . Chairman, can  I respon d to Congres sman 

Fithi an ’s ear lier  qu est ion  ab ou t the  nu clear people a nd the  coal people?
Mr. M offet t. Yes; cer tain ly.
Mr . H olmberg. I th ink the  real issue  is th at  at  the  Wa shington  

level, at  the  policy level, you are look ing for clout and you  have to 
look to those big levers, those big mechanisms, to give you  th at  level 
of energy. I t ’s ha rd  for people at  th at  level to perce ive th at  ou t in 
the  com munities we can deliver the  B tu ’s, and each  comm unity  
working tog eth er in solar,  rene wab le and  con servat ion  delivering 
those B tu ’s thr ough a va rie ty of instr um en ts will give you the  clout 
back in W ash ing ton . So I t hink  it ’s so rt of biased, in terms  of a n ati on al 
pol icy-se tting org anizat ion  where they  ju st  see big levers ou t the re 
and  it ’s ha rd for the m to perce ive a lit tle  leve rage  ou t in the  com ­
mu nit y.

Mr.  M offett . Well, I th ink th a t’s one of the  centr al things th at  
we are ge tting  a t in thi s hea ring  and , as a m at te r of fac t, in many, 
ma ny oth er things th at  this sub com mittee  does. We hav e done  a 
grea t deal  of work , more  th an  any sub com mittee in Congress,  on 
con servat ion , as I th ink  y ou know, and tried  to point  ou t th at in the  
ini tia l phases— and  I th ink  thi s is wh at you  are say ing—rea ching for 
at  least a ba lance betw een a h ighly cen trali zed  capi tal- inte nsive energy 
policy and the  decentralized less cap ital -in tensive bu t equally  pro ­
duc tive and fru itfu l policy is a difficult poli tica l chore. Th ere’s ju st  no 
que stio n.

I th ink wh at  Mr . Fi th ian was say ing  is, when  you  look at  pol itical 
power—I am no t talkin g pa rti san pol itical power—p olit ical  power, 
the re is more pol itical power beh ind a highly  cen tral ized capit al-  
inte nsive tech nology  in the form  of pol itical act ion  com mittee  contr i­
bu tions  to can did ate s, f rom n ucl ear  indu st ry  and  this  in du str y a nd th at  
indu str y and  so for th,  bu t the people, if we hav e our  way,  who con­
st itut e the  core of the  gasohol indu str y are no t in th a t k ind  of pos ition. 
Let ’s face it.  Th ey  are no t organized in th at pa rti cu lar fashio n; so, 
th a t’s p ar t of i t. I t ’s a com bin atio n of th at .

Mr . H olmberg. B ut  if you look at  th e people p olit ica l po wer coming 
int o t he  game now, wh ich is a brand new o pp or tuni ty ------

Mr . M offett . T hat’s r igh t.
Mr . H olmberg  [cont inuing]. In  ter ms  of try ing to release the  

crea tiv ity  and  ing enuity and de ter mi na tio n of the  people who invo lve 
themse lves  in som eth ing  as im po rta nt  as the  Nat ion’s energy policy, 
it ’s a new game.

Mr. M offett . Well, we agree  with th at  and  it ’s music  to our  ears  
to hear someone from DO E say  it.

Mr.  Greengl ass . Mr . C hai rman,  I  wonder if I c ould add  somethin g. 
There  is one piece of info rmatio n t hat I did no t includ e in my answer to
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Mr.  Fi thi an , and  th at  is th at  the  Energ y Sec uri ty Act,  as rec ent ly 
legi slated, does p rovide for t he  Office of Alcohol Fuels to r epor t d irectly  
to the  S ecretary, and I am cu rre ntl y engaged in the  final neg otia tion s 
to bring th at  abo ut.  We reg ret  th at  it  has  tak en  so long, though .

Mr. M offet t. Wha t is the re to neg oti ate ? We said , and  I was a 
member of th at  Hou se-S enate confe rence  com mit tee , th at your  office 
will rep or t direct ly to the  Sec retary . Now,  we don’t need  a stu dy  or 
anyth ing , do we, to see how th a t hap pen s?

Mr. Green glass. You are com ple tely  correc t. I t has  ju st  tak en  a 
lit tle  time  to work  ou t the  details .

Mr . M offet t. I s the re res ista nce  to th at?
Mr. Greengl ass . A t thi s tim e, no, there  is n ot.
Mr . M offet t. You r tes tim ony, unde r oa th,  is th at  the re is no 

res ista nce  to th at .
Mr . G reengl ass . N ot  to my  know ledge, no.
Mr . M offett . So your o rga niz ation  will be rep ort ing  directly to the  

Sec reta ry,  as far as th at  is your  expec tat ion .
Mr. Greenglass . T hat  i s my  exp ect ation.
Mr . M offett . N ot  th roug h any one  else.
Mr. Greengl ass . My expecta tion is th at  we will rep or t to the  

Sec reta ry.
Mr. H olmberg. T hat’s a que stio n th a t need s to be asked again 

sometim e.
Mr . M offett . M arvelous can dor from these witnesses tod ay.
The gentl eman from  Indian a, Mr . De cka rd.  Since we did have 

Mr . Fi th ian go on for ab ou t 10 minutes , the gen tleman is free to  take 
at  least th at  mu ch time .

Mr. D eckard. Well, th an k you , Mr . Chairma n. I do ub t th at I will 
require th at  much time.

Mr. Greenglas s, ear ly in your s ta temen t yo u said  the  rep or t had no t 
had  a negat ive  im pact on the pro gram,  and  I wonder why it  did not. 
Was  it  so obvious ly b iased th a t it  wasn ’t ta ken seriously from  the  very  
beginning?

Mr. Greengl ass . With in the  Office of Alcohol Fuels, th at is true. 
We real ly r eceived it  as com ple tely  biased at  th e tim e and  re served our 
rig ht to make judg men t un til  aft er we conduc ted a stu dy .

Mr. D eckard. Who was the Assis tan t Sec retary  t hat was a memb er 
of th at  grou p?

Mr. Greengl ass . A ssi sta nt Secre tary Stelson.
Mr. D eckard . Is he still  As sis tan t Sec reta ry?  Is th at  correct?
Mr . Greenglass . Yes; he is.
Mr . D ecka rd. And you are still  rep ort ing , well, to the Dep uty 

As sis tan t Secre tary who rep or ts to Mr . Stelson who repo rts  to Mr. 
Du nca n.

Mr . Greengl ass . A t thi s time.
Mr. D eckard. Does th at  cause you  any concern th at  perhap s you r 

sto ry  is no t ge tting  thr ough to the  Secre tary of Energy?
Mr.  Greengl ass . I would say  th at it  has  to harm  our  ab ilit y to 

com municate , yes;  bu t I mus t say  th at it  is n ot  my only  course. As I 
mentioned earli er, I can app roa ch the Secre tary; we do meet and  we 
do discuss mat ters  at  thi s time.

Mr.  D eckard. I don’t expect you to com ment on the  competence 
of someone who in the  hie rarchy is som ewhat  above you , bu t I th ink
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anyone who looks at this report and the conclusion tha t the report 
draws, after 2 days of ostensible deliberations, gets a good indication 
of why the Department of Energy has received as much criticism as 
it has from across the whole spectrum of political thought in Congress. 
I won’t ask you to respond to tha t observation.

There obviously had to have been some contact between the 
members of that group prior to December 10 or 11. You don’t arrive 
at a major report  in a 2-day period of time. We discussed earlier the 
legalities or illegalities of the methods in which tha t group operated, 
but is tha t standard procedure, tha t decisions are made prior to the 
actual convening of a deliberative group within the Departmen t of 
Energy?

Mr. Greenglass. I am really n ot in a position to make tha t s tate ­
ment. I think I would have to refer tha t back to Tina Hobson. I am 
not aware of its practice.

Mr. Deckard. Well, I wonder if Ms. Hobson was listening and 
could perhaps respond.

Ms. Hobson. I am not aware of whether there’s any other study 
group. I know the Weapons Lab Study Group studied it over a period 
of time. The fusion report tha t jus t came out was a mat ter of five 
meetings. Incidentally, tha t went directly to the agency, again, 
rather than  through the full committee. I know of no other group 
tha t has looked at something as significant as this tha t has taken 
so short a time. My answer would have to be that.

Mr. Deckard. I might comment on the weapons group you men­
tioned several times this morning. Although I am not aware of its 
specific mission, its name suggests that i ts mission is such th at perhaps 
secrecy might be something tha t would be appropriate in tha t case.

Thank you, Ms. Hobson. I appreciate your information.
Ms. Hobson. But that ’s all right. I mean, tha t is provided under 

the Federal Advisory Committee Act. I t’s only where secrecy is not 
appropriate tha t we are discussing it.

Mr. Deckard. I wonder, Mr. Greenglass, has there been any 
consideration to updating this report to make it more accurate, to 
take into consideration all of those factors tha t have occurred since 
the December meeting?

Mr. Greenglass. No, not at this time.
We are, however, going to publicly issue the Office of Alcohol 

Fuels’ analysis of tha t report, which we think will set the record 
straight and establish for the country a more accurate position on 
alcohol fuels.

Mr. Deckard. There has been a great deal of criticism made of the 
Department of Energy, its widespread use of advisory groups and 
consultants, and the  major  portion of DOE’s budget tha t goes toward 
those costs. Who are the people who make the decisions as to who sits 
on these groups? We have touched on t ha t earlier this morning, about 
the ERDA  people and the musical chairs tha t take place. Is there any 
concentrated eff ort within the Departmen t of Energy to seek out the 
expertise th at ’s available all across the country and, for tha t matter, 
right here in Lafayette at Purdue University and some other fine 
universities in the State of Indiana, just  to use one example? There are 
people who are eminently qualified to  s it on these kinds of groups. Is 
there any effort made to find these people?
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Mr. Greengl ass . Again , I am rea lly  no t quali fied to add ress  the  
the  p rocess of these com mit tees . I would hav e to aga in accede to Tina  
rel ati ve  to the  question of wh eth er the re are oth er ways of imp roving the process for mem bers hip , for selecting the  membership  on those  com mit tees.

Ms.  H obson. The re are two ways. One is to do like the Defense Science Board , which is to hav e the  Sec retary  or the  Specia l A ssistant 
choose all members and then  pull the m ou t in the  subgroup s and  the n 
disban d the m when the  sub gro up is no long er necessa ry. That  is one 
acc ept able way curre ntl y under the  Advisory  Comm itte e Act.

A b et te r way which we t hink  r igh t nowy—and w e will g ive you  m ore 
inf orm ation—is to revise  the  Advisory  Co mm itte e Act so any  group th a t m eets less  tha n a ye ar  need n ot  be  c harte red , because  t hat  ta kes  6 
mon ths  to ch ar ter a g roup; but th at , ra ther , it  c an exis t as long  as it 
meets  the othe r cri teri a of the act , which is open mee tings, unless it ’s 
an issue  of na tio na l securi ty. Th e wea pons lab  did no t sta te  it  was 
na tio na l sec uri ty,  th at sub gro up. Th ey  s aid they  were no t responsible to the ac t, which is ent ire ly differen t.

Mr. D eckard. Wh en are those recom mendatio ns coming out?
Ms.  H obson . They have gone  to OM B. I t ’s the  last  pa rag rap h in 

my  t est imony, and  we feel th at th a t’s a m uch  m ore acc eptable way  of dea ling  w ith  the  real  prob lem.
Mr. D eckard. T ha nk  y ou very much.
Mr. H olmberg. Could  I resp ond  to  th at , sir?
Mr. D eckard. C ertain ly.
Mr. H olmberg. L ook ing at the com petency of the  Gasohol Study 

Group or the involvement  in terms  of str etc hin g or vio lat ing  some of 
the rules, it ’s sor t of inte res ting, bu t it  d oesn’t g et us to the  real  po int  on th at . I th ink th at  the rea l po int in terms  of the gasohol effort was 
th at they  relied on exis ting  pub lished da ta.  Th ey  did no t go to the  
fie ld; they  did no t go to the ba rns  and  the  backyards  and  the  base ­
me nts  of the  people  of thi s co un try  to see wh at was going on, and  I 
th in k th a t’s also applicab le in the othe r renewable ene rgy areas. We 
have  got to go to the  countryside to see wh at people are doing and reflect th at in na tio na l policy and  no t only  re ly on pub lished scient ific da ta .

Mr . D eckard . T hat’s esse ntia lly a coro llary of wh at  I had said a 
mo me nt ago. The re doesn’t appear to be any effort to reach ou t to the  
Pu rdues and  the  IU ’s and  the oth er universities around the country  
to provide ju st  as muc h expertis e, if no t be tter  th an  wh at  we find in 
the Wash ing ton  circuit, which so ma ny  times is loade d wi th conflict s 
of in ter es t, which are ap pa rent  from thi s rep ort .

Th an k you , Mr . Chairman.
Mr. M offett . I have a fewr quest ion s for you  gentlem en.
Let ’s mak e sure  th at  t he  r ecord is a ccu rat e on wh at hap pen ed here . This stud y gro up pu t their rep or t tog eth er in Dec ember  1979. Is n’t  

th at correc t, Mr . Greenglass?
Mr . Greengl ass . [Affirmative nod.]
Mr . M offett . And the full board , adv isory boa rd, app roved the  

rep ort in May 1980?
Ms. H obson . Amory  Lov ins did no t approve it.
Mr . M offett . No t the  full boa rd. I t  was no t unanimous .
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So le t’s j us t focus on the  period betw een Dec ember  1979 and Ma y 
1980. W e know th at  in the  interv eni ng  tim e between December 1979 
and  Ma y 1980, a couple of thin gs hap pen ed.  One, the  Congre ss passed  
a windfall prof its tax.  Two,  the re was the  creatio n of the  Alcohol 
Fue ls Office at  the  Dep ar tm en t of E nergy . Three , as I th ink you h ave  
noted , thi s synth eti c fuels bill was mov ing along . We also know th at  
when thi s rep or t was approved in Ma y 1980, i t rea lly didn ’t tak e into 
acc oun t a lo t of the  things th at  had  hap pen ed,  as yo u ha ve noted du ring 
thi s interv ening time. In  fac t, it was ou tdated  inform ation in many 
respects . Is th at  correct?

Mr . Greenglass . T ha t is my opin ion,  yes.
Mr. M offet t. Wh y was no t inform ation  on these interim events 

and  hap pen ings included when the  board  came tog ether?  Did  they  
come tog eth er in Ma y 1980?

Mr. Greenglass . I  believe they  came toge ther  in April.
Mr . M offet t. T hey physica lly came tog eth er and  met.
Mr . H olmberg. T hey came tog eth er in Fe br ua ry  and  in Ma y, bu t 

no t as a stu dy  g roup .
Mr. M offet t. Fine . Why didn ’t they  say,  OK, we are going  to 

reco nsid er or we hav e new inform ation  here  or we hav e to ad just 
certa in things?

Mr. Greengl ass . I do n’t hav e an answ er f or th at . I mus t s ay th at , 
if I  were in their p osit ion, I would h ave  at  t hat  t ime  m ade  corrections, 
if I were there.

Mr. M offet t. Was the re pres sure  from  any one  in DO E, th at you  
are aware of, ju st  to get  the  show on the road and  ge t thi s thi ng  
approved?

Mr . Greenglass . No t at  th at  po int in time. Are you  awa re of 
anyth ing , Bill?

Mr. H olmberg. I don’t th ink the re was pres sure  wi thin DO E, bu t 
clea rly they  had alread y esta blished  their  pos ition, and  clea rly th at  
pos ition had been  considered. I t would be af ter the  fac t to go bac k 
and mend some of the  fences th at were to rn  down during th at  t rou ble ­
some period betw een Ch ris tm as and  New Ye ar’s.

Mr . M offet t. And ye t the re was con trover sy by thi s time, by 
May  1980, a bout the  rep ort . Is n’t th at corr ect?

Mr . H olmberg. Yes.
Mr. M offet t. So, in a way, they  were ston ewa lling it  wi th their  

rep or t, say ing we are going  to ge t thi s th ing through?
Mr . H olmberg. There  is also the  pos sibility th at  the y are like 

eve ryb ody else, ove rburdened  wi th schedules they  ca n’t meet. To 
open  that  whole th ing  up ag ain and  go back  in would  take an enormou s 
am ount of time .

Mr. M offet t. M s. Hobson , why  do n’t you  come up here  and sit  
down . I see you sha king y ou r head, and  I wa nt  to know  w ha t y ou are 
sha king it  abo ut.

[Ms. Hobson resumes  the witn ess chair.]
Mr. M offett . Th an k you . Ca n you  resp ond  to that?
Ms. H obson . Yes. I do n’t wa nt  t o tak e more tim e, bu t I do wan t to 

ind ica te these gen tlem en did no t know  th at the re was pressure . There  
was cons iderable  p ressure.  A t the  F eb ruary meetin g, my office was n ot

Ferm itted  to hand  ou t a copy of the  r eport, and  I have a memo w hich 
would  be happy to stat e for the  record. We objected.
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I t caused a scene wi thin DO E because we handed the  gasoho l 
repo rt ou t to  the  public, which  you hav e to do under the  Adv isory 
Co mm itte e Act . Any doc um ent s belo ng to the  publ ic. I had to Xerox 
the m in my  office and  hand  the m ou t at  th at  meetin g, because the  
ER AB  gro up refused to. T ha t’s No. 1.

Two , th ey  did no t wan t to he ar  someone who came to speak from  
Bar ry  Comm one r’s or gan iza tion, and  we had  to ram rod  th at throu gh  
and  escalat e it  so they  could speak. Th ey  wanted th at rep or t to go 
through  wi th a minim um of discussion, and  th a t’s when  our  office 
beca me ve ry ang ry, because  we h ave  ove rsight over thi s and th at  w as 
ju st  no t good beh avior  in terms  of the  percep tion  of the public. You 
would no t app rove of i t, and we kn ew th at th at  was t he  case.

Mr. M offet t. So wh at  h appened ?
Ms.  H obson . So wha t hap pened was we handed ou t the  repo rt 

and  we secured permission  for Dr . Com moner ’s rep res en tat ive  to 
tes tify . So, ER AB  delaye d a v ote  un til  the  May  m eeting.  Then,  when 
it  came  up at  the  M ay  meetin g, Am ory  Lov ins was no t informed so 
th at  he could come. He  was the only  one wi th sign ificant  knowledge  
ab ou t alcohol fuels who rep res ented  the  publ ic.

Mr. M offet t. OK,  bu t where did  the  resi stance  come from? The 
Ch air ma n of the Adv isory Board ?

Ms.  H obson . Th e res ista nce  came from Jo hn  De utc h, th e Un der 
Sec reta ry.

Mr. M offet t. From  Jo hn  De utc h, the  Un der Secre tary of the 
Dep ar tm en t of E nergy .

Ms.  H obson . T ha t’s r ight .
Mr. M offet t. H ow ab ou t the  Ch airma n of the Advisory  Board?
Ms.  H obson . Sol Buchsba um ?
Mr. M offett . Yes.
Ms. H obson . Yes ; he did  no t wan t------
M r. M offet t. And wha t is h is pos ition? Is  he a Federal  employee?
Ms . H obson. N o; Sol Bu chsbaum is no t a Federal  employee. He 

was a f orm er Ch air ma n of the Defense Science Board .
Mr. M offett . And  now works for the Bell Sys tem .
Ms.  H obson . R ight . He  was formerly , I th ink , wi th one of the DO E 

labs  or ER DA lab.
Mr. M offet t. So wha t we have  here , and  I th ink thi s is ra th er  

extraord ina ry,  we have a high-level Gover nm ent  official and  an em ­
ployee of the Bell Sys tem  in thi s case, the  Ch airma n of thi s Adv isory 
Bo ard , exe rting ra th er  strong pres sure no t to hav e you  do your  job  
and no t to open up thi s rep or t.

Ms. H obson. I do wan t to say on behalf of the Ch airma n, Sol 
Buchsba um , th at  I litera lly  picked up the  phone and  told  him  th at 
th e De utch  memo, the  dr af t memo exis ted, when Buchs bau m had 
promis ed me th at  i t would  no t go to the  S ecr eta ry because  we knew  i t 
was a pub lic issue pri or to going  to the  full board . Buchsbau m was  
very upset . He  o bvio usly  d id no t know th at  Joh n De utch  had  wr itten  
th a t memo .

Mr . M offet t. So, thi s is in Fe brua ry  now?
Ms. H obson . N o; thi s is rig ht  a fte r December.
Mr . M offet t. OK.
Ms. H obson . All rig ht , th is is on Dec emb er 19, 20, som eth ing  l ike 

th at .
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Mr. Moffett. So when you went in and said tha t you wanted 
copies—is tha t what you are saying, copies of the report?

Ms. Hobson. Yes; at the February meeting.
Mr. Moffett. When was that?
Ms. Hobson. At the February meeting.
Mr. M offett. T hat  was February; OK.
Ms. H obson. Tha t was just the day before and the day of the meet­

ing. There were about 20 people in the audience and we wanted to 
hand them copies of the report which was being discussed by the 
Advisory Committee at tha t time. My staff was refused copies of the 
report. So, I gave them my only copy, said Xerox it and hand it out to 
the public and I will assume the consequences. I was called on the

* carpet for that.
Mr. Moffett. By?
Ms. Hobson. By ER,  by the research office tha t handles ERAB.
Mr. Moffett. Well, the office didn’t call you on the carpet. Who

• called you on the carpet?
Ms. H obson. Who called me on the  carpet? I understand tha t Ed 

Frieman and Doug Pewitt—Doug Pewit t called me in because he is 
trying—Doug and I are trying to work this out and change it, and 
Ed Frieman also wants it changed.

Mr. Moffett. Now who are these people, just for the record?
Ms. Hobson. These people report through the Under Secretary, 

Worth Bateman, who was the Deputy to John Deutch at the time. He 
is now the Acting Under Secretary.

All right, so it was just for some reason and I don’t know why they 
didn’t-----

Mr. Moffett. He got a promotion, in other words.
Ms. H obson. He got a promotion, right, and he is the one Stelson, 

Tom Stelson, now reports through. So Bert reports through a Deputy 
tha t reports through Stelson tha t goes to Worth Bateman.

Mr. Moffett. I see.
Mr. F ithian. Would you yield for a question?
Mr. Moffett. I will yield, yes.
Mr. F ithian. I just have one question, now. When you attem pted 

to make the study public at t ha t point, what was Deutch’s reaction to 
this?

Ms. H obson. John Deutch was not there, obviously; but, you see, 
we didn’t ask to make i t public. We simply made it public. After the 

< fact, I understand  people were furious. My staff tells me their staff was
upset; everybody was upset tha t we made it public.

I went down and I showed ER the par t of the act tha t says all 
documents, draf t documents, memos, et cetera, all should be made 

■i available to the public. There’s nothing in my office tha t isn’t made
available to the public. So I don’t know why they d idn’t want  it made 
available to the public a t that meeting. Anyway, it was delayed, and 
the final decision was to vote on it at the May meeting, at which time 
Amory Lovins, the only person who disagreed with the report, was not 
invited.

Mr. F ithian. Interesting . Thank  you, Mr. Chairman.
Mr. Moffett. Thank  you very much. I think the record is very 

clear now as to what took place.
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Let me go back, just really in closing here, Mr. Greenglass, to the 
issue itself, the gasohol issue. A viable ethanol industry  could have 
many positive effects. Is one of them the retention of small family farms?

Mr. Greenglass. Yes; I believe i t is. I believe i t would go a long way toward that .
Mr. M offett. Would you like to elaborate on that,  Mr. Holmberg?
Mr. Holmberg. Mr. Chairman, I can’t think of anything on the 

horizon in the farm community that has greater potential to revitalize 
not only the family farm, but  the farm community. I t’s ju st not a 
matter  of moving into the ethanol for a farm fuel. I t’s also moving into 
integrated farm systems tha t reduce their reliance on imported oil. 
There are gasifiers now th at will permit us to make ammonia in the 
farming environment. Now there are different kinds of farming prac­
tices tha t reduce their reliability on energy-intensive and chemical­intensive farming.

Farmers are now becoming very alert to solar energy. They are 
very alert to their responsibilities to protec t the topsoil and the water 
supply, and this is all good news. I see nothing but good news coming 
out of the American heartland. I just see sometimes the delays that we 
in Washington cause tha t keep them from getting  on with their business.

If I could just  add another dimension to tha t, all of this is very 
helpful to get on the record, but in all honesty, it keeps us from 
serving the  public. We have to go back now and deal with the issues 
tha t flow out of these kinds of meetings, and i t keeps us from working 
with the farmers. I t’s sort of a double-edged sword. We have to get 
it on the record, bu t by getting  it  on the record, now we have to deal with it bureaucratically.

Mr. Moffett. What do you mean by that? Th at’s an interesting observation.
Mr. H olmberg. Well, we have x amount of hours to work. We have 

y amount of staff. We can take those resources and use them to serve 
the public or we can take those resources and deal with the bureaucracy.

Mr. Moffett. What do you mean by bureaucracy, though?
Mr. Holmberg. Well, clearly after an event like this, we go back and we have got a lot of work to do.
Mr. Moffett. Explaining to do?
Mr. Holmberg. Explaining to do, memos to write, yes, and pro­cedures to put  in place.
Mr. Moffett. Well, I think tha t the subcommittee—which I think you know—this rather active subcommittee has the same goal in mind 

tha t you do with regard to unleashing your office. And to the extent 
tha t you get bogged down in writing memos and reacting to the 
bureaucratic  fallout from our uncovering this outlandish sequence 
of events tha t took place, we will be of assistance to you.

I am sure Mr. Fithian, who has been working almost full time in 
this one area, will keep on the Secretary’s Office and the Under 
Secretary’s Office to see tha t you are able to do your job.

Mr. Holmberg. I think the real mission now is to be of service to 
the small industries and the farm communities.
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Mr. M offet t. Well, le t’s tal k ab ou t th at  for a minute. We have 
got one-half  a billion dollars, as I un derst and it, in loan  guara nte es 
to go out.  Anyone who has ever done  business with the  Federa l 
Gover nm ent  has  to know  th at  there’s a fai rly  good chance th at  th at  
money  can be largely was ted; I know thi s in m y own area  from hav ing  
corporat ion s like United Technologies and  others  who are invo lved  
in a lte rnati ve  ene rgy, wheth er i t’s wind power or solar, what-h ave-you. 
W ha t I hea r time and time  again , and  I am sure  it ’s tru e in thi s area 
with thi s pa rti cu lar energy alt erna tiv e th at  we are talkin g abo ut, 
is th at  the  Fed era l Gover nm ent  can do a fair ly good job  at  research  
and  dev elopment ; bu t, when  i t comes time to help bui ld an ind ust ry,  
the  com mercia liza tion  pa rt  of it, th at  people in the  Federal Govern­
men t lost , th at  they  d on’t  u nders tan d. A l ot of them have never been 
businessmen befo re; the y don’t real ly underst and wh at it  takes.

So pa rt  of wh at we are try ing to get  at  here is, say,  wh at in the 
world  is going to become of thi s one-half  a billion dollars. As I said,  
I was on th at  House Sen ate conference com mittee ; and I am no t con­
te nt —and I know Mr.  Fi th ian and Mr.  Decka rd are n’t conte nt and 
no one on our  s ubcom mittee  is  conte nt— to ju st  w alk away from  th at  
now and  to announce to the  publ ic, well, your  salvat ion  is here: We 
hav e app roved one-half billion dollars in loan  gua ran tees.

How  is thi s money  going to be spe nt?  How, let  me be blun t abou t 
it, are we going  to  p rev ent the same old face s and  th e same old refugees 
from  ER DA and  the  same old crowd, as we saw in ope ration in this 
episode here,  from  really con trol ling  where th at  m oney goes? In  oth er 
words, we wa nt  it  to hi t the  marke t and  we wa nt  you  to tell us how 
it  can  b est  h it  the ma rke t. We are going  to keep  on thi s pro gram and 
on thi s Dep ar tm en t to see th at  it  does hi t the  ma rke t, bu t wh at  are 
your  p lans?

Mr.  Greenglass . I th ink the re are some pit fall s in the  statem en t 
you  made, Mr.  Moffet t. Fi rst , the  $500 million th at  we hav e been 
given are for plan ts of 15 million gallons or more , which means  at  
best we are talkin g abou t 20 lo an guara nte es at  most .

Fu rth er , based on the  in ter preta tio ns  we have received to da te 
on th at  legislation, we cannot use any of those funds to su pp or t the  
indu str y itself.  Giving ou t loan  guara nte es isn ’t going  to make the  
industry. I t ’s going  to help pro duc tion, go a long way tow ard  providing 
incent ives for pro ductio n, and it  will help  bankers  realize th at  it ’s a 
good inv est me nt.  I t will no t help  producers ge t their  allocations  of 
unleaded gas from  the oil refine ries; it  will no t help  the m get  State  
ass istance  when  the y need it,  to get  the  appro priat e app rovals . I t 
will no t help the  consumer or the  indu str y become aware of po ten tia l 
pit fal ls of com ponents and  equip me nt th at peop le run into very 
quickly . Mo ney makers run very qui ckly int o new indust ries .

There  rea lly isn ’t an o pp or tuni ty  to do the things t hat r eally need to 
be done  with th at $500 million.

Mr . M offett . Is th at your  in te rp re ta tio n based on the DO E 
in terp re ta tio n of the  legis latio n? There  is more th an  one way  to in­
te rp re t th at  legis lation.

Mr . Greenglass . I agree  with you , and  I wish we could ge t a 
be tte r in ter pretat ion.  T hat’s the  in terp re ta tio n pro vided to me by  
the  Office of General  Counsel of D OE . I t ’s an  u nfor tuna te  i nt er pr eta­
tion, because it  b inds us.
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I ’d also like to tak e the  op po rtu ni ty  to say  th a t I th ink the  Office 
of Alcohol F uels h as been  composed of people who are qu ite  p rag ma tic  and  fam ilia r with ind ustry , bo th smal l and  large  scale. I th ink wh at  
Bill was try ing  to  say a m oment  ago is t ha t we a re pre pared  to execute 
the  in tent  of y our legis lation, and  we fully  feel th at  we are capable of 
doing th at  pro vid ing  we have suffic ient fun ds and  resources  to do.

Mr. M offet t. There will be a rulem aki ng , wo n’t the re?
Mr. Greenglass . Yes; There  will be a rulemaking.
Mr . M offet t. Well, I th ink it ’s safe to pred ict  th at those of us on 

thi s sub com mittee  and  others  who are conc erned abou t thi s will in­
volve ourselves in th at  rule making. Too often,  Members of Congres s 
are conte nt to ju st  pass legi slat ion and  then  no t go down and say  to the agency, this is wh at we me ant. As Members of Congress and  as *■citizens, for th at  mat ter, we are pre fec tly  eligible  to go down and  
say  thi s is wh at  we meant . I would no t only  be t, I would prom ise 
you  th at  those of us who were on the  House  Senate conference com­
mi tte e and  people such  as those we have on the  sub comm itte e will •be pressing  the  Dep ar tm en t of En erg y to mak e the  best use of th at  
and  will be offering  some clarific ation on w ha t we th ink the  in te rp re ta ­tio n should be.

Mr. H olmberg. C ould  I add  a dimension to th at , please?
Mr. M off ett . C ertain ly.
Mr . H olmberg. You ind ica ted  th at the re was a possibili ty th at  

th at  $500 million m ade  avai lab le to DO E ju st  cou ld possib ly dis app ear  
into the  woodwork  with ou t any real  im pa ct  on the indu str y,  and I 
would agree wi th th at . That  po ten tia lly  is there.

I would  also say th at we h ave t he  flexibili ty to im plement t he  policies 
as we see them,  to get the  tech nology , to get  the  edu cat ion , to get  t he 
money  ou t to where it  rea lly cou nts . T hat  $500 million is plen ty  of money, and we can  do it.

Mr . M offet t. Wel l, but where does the flexibili ty come from ? W as 
it  th at we on the  confe rence  comm itte e didn ’t give you  the  flex ibility 
or is i t the  D OE’s i nt erpretat ion th at is n ot  g iving you the  f lexibility?

Mr. Greengl ass . I  would,  if I ma y, like  to say  t hat rea lly  b oth are 
prob lems, firs t b y lim itin g DO E to 15 million gallons or more and  n ot  
pro vid ing  us with suffic ient fun ds for rese arch and  dev elopment  and  
the  dev elopment  of cellulosic convers ion.  That  in itsel f was a p roblem.

Mr. F ithian . M ay  I ju st  m ake  a com ment here , Mr . Chairma n?
Mr . M offett . C ert ain ly.  I would be ha pp y to yield to you.
Mr . F ithian . I go t a smal l gro up of Republican s and  Demo cra ts *tog eth er ear ly on in the  ham mering away on—Tom Foley and others  

who were on the  conference wi th me— and the re has  been a v ery , very 
long  h istory  of difficult ies betw een the  Dep ar tm en t of E nergy and  the  
Dep ar tm en t of Agricu lture over the  issue of a lcohol fuels ; and we were •mo nth s and mo nth s and  mo nth s ge tting  the  two Sec reta ries  to exe­
cute a memo ran dum of agreem ent , as I am sure  you  are aware, Mr . Greenglass.

The thou gh t beh ind  the  way  they  div ided the  money  was th at the  
Dep ar tm en t of Agr icul ture , with its  farf lung coun ty extens ion age nt 
sys tem  in soil con servat ion , farm home admi nis tra tio n and all of the  
mec hanism th a t’s alread y in place , and  wi th its exper ience  of deal ing 
wi th agricultura l prob lems  and  f arm ers  and  it  is the  tr us t that the  local 
coun ty extension age nt has—t hat  is, the  trus t he has  wi th the
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farmers—led us to believe tha t the small production facilities ought 
to be handled through USDA. I still believe th at was a wise division: 
The small plants with USDA and the large ones with you. I realize 
tha t there’s a gray area in the middle for the co-ops and, depending 
upon their size, whether they fall under your category, under your 
jurisdiction, or USDA’s.

I just  wanted to enter for the record here tha t it was not  happen­
stance tha t the Synthetic Fuels Conference came out the way i t did. 
That was the way i t was divided. It  was divided intentionally. Con­
gressman Bedell and a number of us in the alcohol fuels caucus fought 
in fact for th at division, and I think it’s a good division.

Mr. Holmberg. Could I add to that , please?
Mr. Moffett. Yes.
Mr. Holmberg. I don’t think we have any real problem with the 

division of 15 million gallons, but  we have our problem, for example, 
in the educational area. The Departmen t of Energy, through the 
Office of Consumer Affairs, started the educational program in com­
muni ty and junior colleges and vocational technical schools. We have 
a whole industry here t ha t we have to train  and get up to speed. We 
are just beginning that effort.

We have been told tha t the legislation of S. 932 precludes us from 
following through on tha t. We have 40 community colleges and maybe 
100 ou t there now are developing educational programs tha t rely on 
us for funding.

Mr. F ithian. Well, if I may, in rough, I think  tha t tha t is a per­
version of the act—not what you are saying but a perversion of the 
intention  of the  act . So clearly down in one of the sections taken from 
Senator Talmadge’s bill is the technical assistance provision program 
and that ’s precisely what we are talking about. It  is very badly 
needed. I hope t ha t through yourselves and the USDA tha t we can 
further tha t program.

I think  it ’s clear, Mr. Chairman, that if we, our subcommittee, 
persisted in trying to push forward on t hat , we could get a clarifica­
tion tha t would ease that , because nothing in tha t act was designed 
to in any way restrain the Department of Energy or the Department 
of Agriculture from doing exactly what you are saying and, that is, 
to get the technical assistance information out there so tha t farmers 
are no t sold the Brooklyn Bridge, so to speak.

Mr. Holmberg. Let ’s make the assumption that tha t is t rue; but 
then in the funding, the Depar tment  of Agriculture received $10 
million for educational programs and DOE received nothing. So even 
though DOE has the flexibility to do it, if you don’t have any funds, 
it ’s kind of hard to provide a service to vocational schools, community 
and junior colleges tha t depend on us for th at kind of support.

Mr. Greenglass. I wonder if I could also make the point that  I 
think that the logic you presented supports the decision made for the 
split in levels of production. I don’t question tha t.

I do agree with your point very strongly tha t it  is the interpre tation  
of tha t split tha t has created a problem. Our relationship with Agri­
culture has improved considerably since the establishment of the 
Office of Alcohol Fuels. Alex Mercuri is now the keyman who works 
with us, and he is doing a fine job. Tha t relationship is going a long
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way toward alleviating any voids in the area tha t we are required to address under the program.
As interpreted, the result of tha t split says tha t the Department of Energy is primarily interested in large industry—by definition. It  also says tha t we are not in a position to support the development of the industry  itself bu t simply to provide incentives for financing the industry, resulting in the potential occurrence of all the pitfalls tha t would, in fact, make the Federal Government look poor in the devel­opment of a new industry.
I have had experience in working in the development of other industries, and I can tell you tha t financing of the production itself is totally inadequate to the success of tha t new industry. We need considerably more funds and research and development in overcoming the barriers t ha t the industry  is going to face.Mr. Moffett. Gentlemen-----
Mr. Holmberg. I will give you another example, if I could.Mr. Moffett. Yes. *Mr. Holmberg. We have the Office of Small-Scale Technology tha t comes out with grant  applications, and we purposely tried to focus on those small-scale grant applications tha t relate to alcohol fuels. We identified about 250, nationwide, tha t were worthy of fund­ing. This is an exciting opportunity to get tha t technology moving very quickly, and we have been told by Counsel tha t we have to go through a set of bureaucrat ic steps in order to fund those small-scale grants. We are looking for ways of moving this th ing quickly. I think that ’s a very important lever, down a t those farm and small labora­tory levels.
Mr. Moffett. Thank you, gentlemen. We thank you for your statements here and your candid testimony. I can assure you tha t a couple of things will be done as a result of it.Number one, as Congressman Fithian has just  indicated, we will as a subcommittee—and I have instructed staff to begin this process— move to clarify the legislation and to work for the best possible interpretation of the legislation.
Second, I have also instructed staff to communicate on our behalf to the Department a message tha t indicates tha t we want you folks to be able to do your job and not be detained or distracted by bureau­cratic considerations over this particu lar hearing.So, we thank  you very much and look forward to working with you.[Mr. Greenglass’ prepared s tatement follows:] *
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Sta tem ent  of Bert Greengl ass , Acting D irector, Off ice of Alcohol  F uels

Mr. Chairman and Members of the Committee:
Thank you for this opportunity to discuss the Department's 
response to the April 29, 1980 Report of the Gasohol Study 
Group of the Energy Research Advisory Board [ERAB] on Gasohol.

By way of introduction, I am the Acting Director of the Office 
of Alcohol Fuels and have been serving in this capacity since 
May 27, 1980, when Secretary Duncan appointed me to succeed E. 
Stevens Potts. Prior to my appointment, I was Acting Director 
of the Office's Program Control and Evaluation Division, serving 
almost from the day the Office opened its doors in late February.

Following releases of the ERAB Gasohol Report on April 29, 1980, 
the Secretary of Energy directed the Office of Alcohol Fuels to 
review and respond in detail to the ERAB Report's recommenda­
tions and report back to him. We have completed our technical 
review of the ERAB Report and we expect to forward our position 
on it to the Secretary in the immediate future.

The Office began its review of the ERAB Gasohol Report virtually 
the day we received it. Our review has been a detailed and 
technical one, and includes information provided by the Solar 
Energy Research Institute, the National Alcohol Fuels Commission, 
EG&G Idaho, Inc., the National Alcohol Fuels Producers Associa­
tion, Congressional staff members and several other groups and 
individuals. Some of the country's most knowledgeable people in
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the alcohol fuels field, including many with hands-on alcohol 
production experience, reviewed our June 3 draft response, and 
submitted their own comments and criticisms. Thus, the final 
response before you today represents current thought and experi­
ence of fuel alcohol pioneers on the frontier of this developing 
technology.

I would like to summarize some of our preliminary findings of 
our technical review for you today. They are:

1. The Nation can and will meet the Administration’s ethanol 
production capacity goals, as well as those set by Congress 
in the Energy Security Act of 1980 (P.L. 96-294). The 
Gasohol Study Group estimates for 1985 ethanol production, 
which did not predict later significant Administration and 
Congressional alcohol fuels initiatives, are thus out-of- 
date. For example, one company may produce the ERAB Study 
Group’s 1985 production estimate by the end of 1981.

2. Production of ethanol from biomass is commercially avail­
able and in widespread operation throughout the country 
today. The growing alcohol fuel industry is already 
reducing our dependence on imported oil through increasing 
domestic ethanol production.
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3 . Many technological and energy-saving advances in ethanol 
production processes are occurring at an accelerating pace. 
Ethanol producers in many parts of the country are realizing 
substantial energy gains now and expect even greater effi­
ciencies in the near term. With these advances, the net 
energy balance of alcohol fuel production will continue to 

improve.

4 . Administration and Congressional ethanol production and 
capacity goals can be met without an adverse effect on food 
supplies or prices. There are significant opportunities to 
use agricultural and food processing waste products and to 
develop high-yield energy crops for substantial production 
of ethanol, thereby reducing cost to the consumer. Further, 
the ethanol from grain process produces valuable, protein- 
rich co-products which are suitable for export and domestic
use.

5. Farm-scale ethanol production can strengthen the family farm 
by generating a steady cash flow to farmers while providing 
an uninterruptible supply of high-grade liquid fuel to power 

farm machinery.
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It must be remembered that the ERAB Gasohol Report was under­
taken on a "quick turn-around basis," according to ERAB Chairman 
Dr. Soloman J. Buschsbaum. The Gasohol Study Group met for 
two days, on December 10 and 11, 1979, and at that time, by 
all accounts, the Group agreed upon a number of findings and 
recommendations. They issued a draft report two days later, on 
December 13, 1979. While the Group submitted its final Gasohol 
Report to the ERAB Chairman on April 29, 1980, the study was 
conducted in December 1979.

The following events, which have had substantial impact on alco­
hol fuels development, occurred during the first four months of 
1980, after the study was conducted but before the final ERAB 
Report was submitted to the Secretary:

1. On January 11, 1980, the President announced a 
comprehensive National Alcohol Fuels Program to 
accelerate domestic production of alcohol fuels 
from non-petroleum sources. The Program seeks 
to quadruple January 1980 alcohol production 
capacity by the end of 1980, and sets a target 
for domestic production capability of 500 million 
gallons during 1981.



45

2. On February 14, 1980, the Office of Alcohol Fuels 
was created within the Department to promote 
ethanol production from biomass, and to implement 
the DOE Alcohol Fuels Program.

3. On April 2, 1980, the Crude Oil Windfall Profit 
Tax Act of 1980 (P.L. 96-223) was signed into law 
by the President. Among other incentives, the 
act continued the four cent per gallon federal 
excise tax exemption for gasohol for eight more 
years, from 1984 through 1992; provided new income 
tax credits for alcohol-gasoline blenders; and 
extended through 1985 tax credits for alcohol fuel 
production equipment.

4. The Energy Security Act of 1980 (P.L. 96-294), 
containing additional financial incentives to 
stimulate alcohol fuels from biomass production, 
was advancing through Congress with increasing 
assurance of passage.

5. Demand for gasohol at the pump steadily increased, 
with the number of service stations throughout 
the country offering gasohol to motorists nearly 
doubling. Incidentally, today there are over 
5,000 stations selling gasohol in the country.

68-2 81 0 - 8 0 - 4
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I do not think it is necessary to explain to this Committee the 
significance of these Congressional and Administration initia­
tives. Members of this Committee were instrumental in moving 
the Crude Oil Windfall Profit Tax Act (P.L. 96-223) and the 
Energy Security Act (P.L. 96-294) through the Congress. Like­
wise, the Secretary recently testified before the National 
Alcohol Fuels Commission on the Department's strong commitment 
to increased production and use of alcohol fuels, when he
stated:

The Department of Energy is committed to two 
objectives in this area: to achieve the Presi­
dent's alcohol fuels production target and to 
implement aggressively the mandates of Congress.
This effort is already underway.

It should suffice to say the conditions affecting domestic 
alcohol fuels development changed dramatically in the first 
four months of 1980. These changes, as evidenced in the events 
described above, and their likely impact on the development and 
production capacity of the growing alcohol fuels industry, were 
not considered by the Gasohol Study Group, nor were they factored 
into the findings and recommendations contained in the Report.
The final ERAB Report was significantly out of date at the time 
of its release as a result of far-reaching Congressional and
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A d m in is tr a ti o n  a lc o h o l fu e l s  i n i t i a t i v e s  which  o c c u rr e d  in  th e  

in te rv e n in g  p e r io d .

N e v e r th e le s s , i t  i s  e s s e n t i a l  t h a t  we a d d re s s  th e  hard  is s u e s  

p re s e n te d  by th e  c h a ll e n g e  of d e v e lo p in g  a new in d u s tr y  su ch  as  

a lc o h o l f u e l s .  Some o f th e s e  is s u e s  a re  te c h n ic a l  in  n a tu r e , 

and our re sp o n se  a tt e m p ts  to  a d d re s s  th e  two m os t p ro m in en t 

is s u e s  r a i s e d  in  th e  ERAB R ep o rt : th e  q u e s t io n  o f fo od  v e rs u s  

f u e l  and th e  n e t energ y  b a la n c e  of e th a n o l p ro d u c ti o n .

The  S e c re ta ry  o f A g r ic u l tu re  r e c e n t ly  t e s t i f i e d  b e fo re  th e  

N a ti o n a l A lc ohol F ue ls  Co mm iss ion  and  s t a t e d ,  " D i s t i l l a t i o n  

c a p a c i ty , n o t a g r i c u l t u r a l  f e e d s to c k s , i s  c u r r e n t ly  th e  

r e s t r a i n in g  f a c t o r  on fu e l a lc o h o l p ro d u c ti o n . At th e  p re s e n t 

ti m e , a d eq u a te  s u p p l ie s  o f co rn  and  o th e r  fe rm e n ta b le  comm odi­

t i e s  a re  a v a i l a b le  fro m th e  m ark et a t  c o m p e ti ti v e  p r i c e s . "  

(C y c li c a l w ea th er p a t t e r n s  w i l l ,  o f c o u rs e , a f f e c t  th e  a v a i l a ­

b i l i t y  and p r i c e  of a g r i c u l t u r a l  f e e d s to c k s .)  S e c re ta ry  B erg la nd  

f u r th e r  s t a te d  t h a t  "As m a t te r s  now s ta n d , we don ’ t  th in k  [t h e  

fo od  v e rs u s  fu e l  is s u e ]  i s  a s e r io u s  q u e s t io n  b ecause  a modern 

re c o v e ry  sy st em  can  c o n v e r t s ta r c h  and le a v e  p r o t e in . "  He th en  

ad de d th a t  he  d id  n o t a n t i c ip a t e  any fo od  s h o r ta g e s  as f a r  as  

o u r co u n tr y  i s  co n ce rn ed .
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The Office is currently exploring the vast potential of ethanol 
production from agricultural and food processing waste products, 
high-yield energy crops and new technologies in cellulosic con­
version. Developments on these fronts offer the possibility 
of substantial ethanol production capacity without significant 
impact on food supplies by the mid-1980's. It must also be 
remembered that, when grains or other edible feedstocks are used 
in the ethanol production process, a portion of the feedstock is 
converted to valuable protein-rich co-products, such as corn 
gluten meal or distiller’s dried grain, which are suitable for 
export and domestic use.

When the food versus fuel issue is raised, it is often implied 
that were corn or other feedstocks not used for alcohol produc­
tion, they would go toward feeding the world's poor. However, 
ninety percent of the whole corn sold in this country goes to 
cattle feed. Most exported corn goes to developed countries 
where it is used for animal feed. Thus, for the most part, this 
grain is not used to feed the world's poor in underdeveloped 
countries. Yet this animal feed market could be further devel­
oped by exporting protein-rich distiller's grain or wet and dry 
milling concentrates that can be combined with local carbohy­
drates and forage crops to balance the feed rations.
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Th e n e t  e n e rg y  b a la n c e  i s s u e  was  a l s o  r a i s e d  in  th e  ERAB G aso h o l 

R e p o r t,  w hic h  c o n c lu d e d  t h a t  " u t i l i z i n g  th e  b e s t  a v a i l a b l e  t e c h ­

n o lo g y  b e f o r e  1985 , th e  n e t  e n e rg y  b a la n c e  i s  a b o u t z e ro  f o r  

e th a n o l  p ro d u c ed  fr om  c o rn  an d o t h e r  c ro p s  in  f e r m e n ta t io n /  

d i s t i l l a t i o n  p l a n t s .  I f  th e  f e r m e n t a t i o n / d i s t i l l a t i o n  p l a n t s  

a r e  f u e le d  by c o a t  o r  woo d,  e ac h  g a l l o n  o f  e th a n o l  p ro d u c ed  

c o u ld  sa v e  ro u g h ly  0 .5  g a l l o n s  o f  o i l . "  ERAB u se d  v e ry  c o n s e r -  

a t i v e  a s su m p ti o n s  in  a r r i v i n g  a t  t h i s  c o n c lu s io n .  Th ey  a l s o  

c o n s id e r e d ,  b u t  d id  n o t  e m p h a s iz e , an  a l t e r n a t i v e  c a l c u l a t i o n  in  

w hic h  a lm o s t a g a l l o n  o f  o i l  w ould  be  d i s p l a c e d  by a g a l l o n  o f 

e th a n o l .

T h ere  a re  two p o i n t s  w hic h  m u st  be  k e p t  in  m in d in  an y d i s c u s ­

s io n  o f  n e t  e n e rg y  b a la n c e  f o r  a lc o h o l  f u e l s  p r o d u c t io n .  F i r s t ,  

t e c h n o l o g i c a l  an d e n e r g y - s a v in g  a d v a n c e s  in  p r o d u c t io n  p r o c e s s e s  

a r e  o c c u r r in g  a t  an  a c c e l e r a t i n g  p a c e , r e s u l t i n g  in  s u b s t a n t i a l  

e n e rg y  g a in s  now an d ev en  g r e a t e r  e n e rg y  e f f i c i e n c i e s  in  th e  n e a r  

te rm . W ith th e s e  a d v a n c e s , th e  n e t e n e rg y  b a la n c e  o f  a lc o h o l  

f u e l  p r o d u c t io n  w i l l  c o n t in u e  t o  im p ro v e .

S e c o n d , e n e rg y  b a la n c e  i s  a n o n - i s s u e  t o  th e  e x t e n t  t h a t  d o m e s ti c  

e th a n o l  p r o d u c t io n  ( u t i l i z i n g  n o n -p e tr o le u m  s o u r c e s )  r e d u c e s  o u r 

d e p en d e n ce  on  im p o rte d  o i l ,  th u s  c o n t r i b u t in g  t o  o u r  b a la n c e  o f 

p ay m e n ts  an d n a t i o n a l  s e c u r i t y .



A t a re c e n t h e a r in g  on  g a so ho l a l lo c a t io n  b e fo re  th e  Eco no m ic  

R e g u la to ry  A d m in is t r a t io n ,  on e m a jo r  o i l  comp any e s ti m a te d  

t h a t  f o r  e v e ry  b a r r e l  o f  e th a n o l us ed  as a g a s o li n e  b le n d in g  

co m ponent,  g a s o li n e  y ie ld s  c o u ld  be in c re a s e d  by  as much  as  

tw o b a r r e ls .

The U .S . G e n e ra l A c c o u n ti n g  O f f ic e ,  in  a Ju ne 3 , 1980  R e p o rt  on

th e  p o t e n t ia l  o f  e th a n o l as a m o to r v e h ic le  f u e l ,  add re ssed  th e

n e t ene rg y  is s u e  and s ta te d :

Ou r w ork  in  th e  a re a  ha s shown th a t  n e t en e rg y  a n a ly s is  
is  n o t an e x a c t s c ie n c e ; th e r e fo r e ,  an y tw o o r  more 
s tu d ie s  o f  a p a r t i c u la r  ene rg y  syste m  ca n y ie ld  v a s t ly  
d i f f e r i n g  r e s u l t s ,  depend in g  on th e  m e th o d o lo g ie s , 
app ro a ch e s , and syst em s b o u n d a r ie s  s e le c te d .  There  is  
a ls o  a te n de n cy  to  ove re m phas iz e  n e t e ne rg y  a s p e c ts  o f  
e th a n o l as a f u e l ,  th e re b y  lo s in g  s ig h t  o f  th e  r e a l 
o b je c t iv e :  p ro d u c in g  u s a b le  l i q u id  f u e ls .  F or exam p le , 
u s in g  c o a l to  f i r e  th e  d i s t i l l e r i e s  to  p ro c e s s  g ra in s  
and  o th e r  c ro p s  in t o  e th a n o l may , as  some s tu d ie s  sh ow , 
r e s u l t  in  a n e t  e ne rg y  lo s s .  B u t th e  p ro ce ss  p ro duces  
a f u e l  w h ic h  i s  more r e a d i ly  a d a p ta b le  f o r  c e r t a in  us es  
( e . g . ,  m o to r v e h ic le  f u e l ) .

I  s u p p o r t t h i s  p o s i t io n .

In  c o n c lu s io n ,  th e  N a t io n a l A lc o h o l F u e ls  Pro gr am  w i l l  a c h ie ve  

th e  p ro d u c t io n  c a p a c it y  g o a ls  an no un ce d by  th e  P re s id e n t as w e ll  

as  th o se  s e t  by  C ongre ss in  th e  Energ y S e c u r it y  A c t o f  1980 

(P .L . 9 6 -2 9 4 ) . The se  g o a ls  ca n be m et  w it h o u t  an adve rs e  e f f e c t  

on  fo o d  s u p p li e s  o r  p r ic e s .  D om estic  e th a n o l p ro d u c t io n  is  

a lr e a d y  re d u c in g  o u r  de pe nd en ce  on  im p o rte d  o i l .  W it h  te c h n o -
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logical and energy-saving advances now coming on-line, we are 
beginning to realize substantial energy gains. And the net 
energy balance of alcohol fuels production will continue to 
improve.

But there is much work ahead to achieve these goals. Constraints 
and barriers to alcohol fuel production and marketing must be 
identified. Regulatory requirements must be streamlined to bring 
additional ethanol production capacity on line as soon as possi­
ble, and research and development must be directed toward the 
numerous opportunities to make ethanol production processes even 
more energy efficient.

The ERAB Report is behind us. At this time, we must move ahead 
to develop and promote the fledgling alcohol fuels industry and 
to meet the ambitious but achievable goals for alcohol production 
the President and the Congress has set.

Mr. Chairman, this concludes my prepared testimony. I would be 
pleased to answer any questions.
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Mr . M offet t. Our  next  witnesses  will appear as a panel, and we 
will have thr ee  gen tlem en:  Dr . Ro be rt Pe ar t from Purdu e, Dr . Mi­
chael  Lad isch from Purdu e, and Jame s Childress, the  Exe cutive 
Di rec tor  of the Na tional  Alcohol Fue ls Commission.

Plea se raise  you r rig ht hand . Do you swear to tell the  whole trut h 
and  no thi ng  b ut the  trut h,  so help you  God?

[Chorus of “ I do .”]
Mr . M offett . Th ank you  for bein g with us tod ay.  W ith ou t objec ­

tion , y ou r s ta temen ts will be  consid ered a p ar t of th e record. You may  
proceed by  reading those sta temen ts or parap hra sin g them.

We will begin  at  my lef t and  go across . Please proceed.

STATEMENT OF JAMES CHILDRESS, EXE CUTIVE DIRECTOR,
NATIONAL ALCOHOL FUE LS COMMISSION

Mr. C hild ress. T ha nk  you,  Mr . Chairman. I am Jam es Childress, 
Execu tive  Di rec tor  of the Na tio na l Alcohol Fue ls Comm ission . I •
app rec iate the  oppo rtu ni ty to appear here  on beha lf of Senator Bayh 
in his role as Chairma n of the  Comm ission . Senator Bayh feels very 
strongly  th at  the  hearings you  are hold ing tod ay  on the  ER AB  gaso- 
hol rep or t are mak ing an im po rta nt  contr ibu tion to the public deb ate  
on gasohol. He  espec ially  commends you  for mak ing  thi s forum 
accessible to the  people of Indian a who are going to play a cri tica l 
role in this industry.

In  the in terest of time,  I will summarize  m y tes tim ony and  ask th at  
it  be su bm itted  for the  reco rd in its  en tirety . I will no t rep ea t any­
thi ng  Mr. Greenglass has  said  in his point -by -po int  cri tique of the  
ER AB  rep ort, bu t do concur  in his pre sen tat ion .

Senator Ba yh  dire cted the  Nat iona l Alcohol Fue ls Commission staff  
to e valua te the E RA B,  short ly aft er i ts re lease to see w ha t con tribu tion 
it  could  make to our  ongoing stu dy . My  tes tim ony thi s morning is 
based upon th at eva lua tion .

The two prin cipal conclusions of the  ER AB  repo rt— those being 
th at  we can  expect a sust ain ed level of grain ethano l pro duction  of no 
more  th an  800 million  gallons per  year and th at  each gallon of 
ethano l p roduced can displace no more  than  h alf a gallon of gasoline— 
cannot be sup ported, and  are in fact  refuted by research  u nd ert aken  
by  the  Na tional Alcohol Fue ls Comm ission .

The Cong ressional  Office of Tec hnology  Assessment, in a rep ort 
released  today, also disagrees en tirely  with bo th  of thes e conclusions «
of the  ER AB  rep ort . Th is is an exhaus tive, responsible repo rt th at  
OTA has completed.

I would like to concentra te in my  tes tim ony toda y on one issue 
th at  has been raised in the  ER AB  repo rt and  dealt  wi th oft en in the  *
press  on an  e mot iona l bas is with lit tle  ana lysi s or bas is in fac t. T hat ’s 
the  so-called food-versus-fuel issue.

Whi le the ER AB  rep ort does no t explicit ly sta te  it, I believe th at  
its  m aximum pro duction level of 800 million gallons per y ear is b ased  
upo n an assumptio n th at  the  lim itin g fac tor  will  be the  availabil ity  of 
gra in, prima rily  com,  as a d isti ller y feedstock . One quote  in  p art icu lar  
ou t of th at stu dy  should be not ed :

Gasohol product ion, stimulated by high subsidies, will reduce the amount of 
grain available for meat, milk, and egg production.
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The se are obviously very serious concerns.  Th ey  are crit ica l to an 
exp and ed alcohol fuels program . The Alcohol  Fue ls Commission, in 
response  to thes e concerns,  r equ ested the  h ighly respec ted agr icu ltural  
policy and  economic consult ing  firm of Schn ittke r Associates of 
Wa shington , D.C ., to underta ke  an exh aus tive ana lys is of the  effects 
of alcohol fuels pro duction on the  cost  and avail ab ili ty of food over  
the next 10 years . I  have  provid ed, or I  will provide, the  subco mm itte e 
with  a  copy of t hat  d ra ft  r epor t which will be made pub licly  ava ilab le 
wi thin the  ne xt couple of weeks. I will su mm ariz e its  principal findings 
thi s morning .

Fo r purp oses  of the stu dy , it  was assumed  th at gro wth  in gra in 
dem and , worldwide and  in the  Un ited State s, will con tinu e and would

• con tinue at  a fai rly  he alt hy  rat e. We asked the m to be overly con­
serva tiv e in their  assum ptions; th at  is, err  in favor of assuming we 
are  going to have a continued  h igh dem and  for g rain for food and  fuel .

The ne t effect was  th at gra in prices would increase , on the  average
• ove r the  next 10 y ear s, at  the  level of the  ra te  of infl atio n—which,  as 

you  know, Congressman Fi thi an , has no t been  the case over  the  pa st 
10 yea rs in which  gra in prices , corn  prices , have fal len below the  level 
of in flat ion. In  oth er words, we a ssum ed th at the re will be an in crease 
in gra in prices over and  above wh at it  has  been  in the  past.

Given these very responsib le assumptio ns,  the  key  finding was— 
if there is no special effort mad e over the  next 10 years  to bring new 
lan d into pro duction , to provide  ex tra  ince ntiv es for alcohol  fuels 
pro duction, wi thou t any special effor ts whatsoev er— th at  a sus tain ed 
level of pro duction of 1 billion gallons a ye ar of ethanol can  be achieved 
using corn  alone as the  feedstock . Th is base  case alone  refute s the  
findings and  t he  conclus ions of th e ER AB  rep ort .

We then  asked Sc hn ittke r Associates to go bey ond  thi s base line 
case and  to see wh at levels  of 2 billion gallo ns per year  by  1985 and 
4 billion gallons per  year by  1990 would do to the  cost  and ava il­
ab ili ty  of food and  feed. To s ta te  th e findings ve ry b riefly, the  pr inc ipa l 
effects  would  be increased corn  acreage and  pro duction, a reduced 
demand and  lower  acreage for soybean s, and  a dram ati c increase  in 
supplies of corn m illing  bypro ducts . All of these are to be expected , and  
these are the  points th at  are usually  raised in discussing  the  effect 
of increased ethano l pro duction from corn.

How ever , the  ana lysi s ind ica tes  th at  ma ny  of the  problem s do no t 
necessa rily  follow. W ith  a 2-bil lion-gallon  level of ethano l pro duction

• by  1985 and the same the rea fte r, we could  expect  real corn  price  in­
creases of app rox imate ly 8 per cen t. That  is over and  above the  level 
of general  inflation. The 4-bill ion figure in 1990 would res ult  in ap ­
pro xim ate ly a 15-percent increase in rea l corn  price s over the  int er-

• ven ing period of time.
If  we worked thi s through the  food sys tem , and again makin g very 

generous allowances  for overa ll inflation rat es,  the re would be an 
app rox imate  6.5-per cen t increase  in overall food prices during the  
decade  over and  above w ha t would be expected . Tha t is app rox imate ly 
six -tenth s of 1 p erc en t p er y ear i nflatio n in food cost s over wh at would 
normally  be expected if this ethano l pro duction  program were no t in 
place, and  th a t’s a t a leve l of 4 bill ion gallons  per year  by  1990. Again, 
I would like to emphasize th at  thes e est imate s are on the  h igh side.
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The princi pal  effects would be a red uction in soy bean acreage 
because  of the  cheaper by prod uc ts from the  eth anol dis till ation ; the re would be signi ficant am ounts  of the  bypro ducts . How ever , 
the stud y does n ot  foresee a prob lem  asbo rbin g these into  the  domestic 
and foreign feed sys tems if the  pro gra m is pha sed  in over a period of 
10 yea rs, as i t will be, because  of the co ns tra int s on ava ilab le dist ille ry capacit ies.

Fin ally, the stu dy  found th at incr eas ing  the use of corn  for ethano l 
production will no t create  a long-term  problem  of food for developing 
na tio ns  for two reasons. Fi rst , it ’s prima rily wh ea t and  rice, no t corn, th at go to the developing na tio ns  as food.  Second, the  small amounts  
of corn  th at act ual ly go as food to develop ing n ati ons could  be made 
ava ilab le for th at use under a pro gra m such  as outlin ed in the  stu dy .

I th ink the essential  message of the Schn ittke r repo rt is th at  we 
can  proceed with an acti ve alcohol fuels  program, rely ing ini tia lly  on 
gra in- to-eth anol technology, with no fea r th at we will reduce  the  
am ou nt  of g rain ava ilable for me at,  milk , and  egg pro duction.

The crit ical  flaw in the  ER AB  repo rt was its  failure to tak e into 
accou nt the  fact  th at  risin g corn  price s would also spur  increasing 
corn  pro duction. I t is basic economics—and when  you live  west of the  Allegheny Mo untains people realize thi s—th at  if you  ge t a be tte r 
price  for  corn, you  are going  to produc e more  corn. We are no t going 
to cre ate  an  ethano l “C hin a syndrom e” in which runawa y ethanol 
pro duction will deny us of an ad equa te sup ply  of corn.

There  is one cauti onary  n ote . An expand ed program of fuel alcohol pro duction will hav e to have  safegu ards aga ins t one or two ba d crop 
yea rs. In  tes tim ony before the Com miss ion in June , Sec retary  of Agriculture  Bergla nd ind ica ted  th at he feels th at  rese rve policies are 
flexible enou gh to acc ommodate eth anol pro duction in addit ion  to 
othe r com modity  production by  the American farm er. Toward thi s 
end,  Senator  Ba yh  has  int roduced  the  Energ y Ind epe ndenc e Grain  Reserve Act , which has  passed the  Senate.  I t would ea rm ark  grain 
for ethanol pro duction and establ ish  a rese rve sys tem  to assu re ade­
qu ate supplies at  rel ati ve ly pre dic tab le prices for alcohol fuels pro ­ducers even dur ing  b ad  y ear s.

In  s um ma ry,  I th ink wha t we n eed  here, Mr . Chairma n, is p erspec­
tive. The Schn ittker r ep or t to the Na tio na l Alcohol Fue ls Commission 
has ind ica ted  th at  we can  increase ethano l pro duction from  corn  in 
the ne xt  10 yea rs to 25 to 30 times the  pre sen t level of pro duc tion, 
wi th only  mo der ate  inf lat ion ary  impacts  and  wi th no effect on the  avail ab ili ty of food to the  hu ngry of this world.

Now  when we are looking at  a 25-fold to 30-fold incre ase, th at  is, 
ge tting  up to 4 billion  gallo ns of ethanol pro duction using one com­
mod ity  in which the  inc rem ents on the  average  of plan ts are, I am 
sure , less th an  5 million  to 10 million gallons a yea r, thi s is going to 
be a pha sed -in  program  and  the re are going to be safeguards  along 
th e way . We are no t going to hav e a run away pro gram in which  we 
are  grinding  up corn for the  Nat ion’s gas tan ks  wi th no thou gh t nor  
con tro l over wh at  the  effects on food cost  and  availabilit y will be.

Tha nk  y ou,  very much.
[Mr. Chi ldre ss’ prepar ed sta temen t follows :]
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Statement of J ames M. C hildress , E xecutive D irector, U.S. National Alcohol 
F uels Commission

Mr. Chairman, I appreciate the opportunity to appear 
here today on behalf of Senator Bayh in his capacity as 
Chairman of the National Alcohol Fuels Commission.

Senator Bayh feels very strongly that the hearings 
you are holding today on the ERAB Gasohol Report are an

♦
important contribution to the public debate on alcohol 
fuels and commends your efforts to air these critical 

» issues in a forum accessible to the citizens of the State
of Indiana who will play a major role in the development 
of gasohol as an alternative fuel.

The National Alcohol Fuels Commission, as part of its 
study of the potential contribution that alcohol fuels can 
make in reducing our oil dependence, has been addressing 
most of the issues dealt with in the Department of Energy's 
Energy Research Advisory Board Gasohol Study Group Report.
When the ERAB Report was made public, Senator Bayh directed 
the Commission staff to evaluate it to determine what con­
tribution it could make to the research being carried on 
by the Commission. My testimony this morning is based on 
that evaluation.

I would like to address one very specific topic covered 
• in the ERAB Report -- the relationship between ethanol

production and food prices —  but would first like to make 
two general comments on the overall report.



First, research by the National Alcohol Fuels Commission 
cannot support, and in fact refutes, the two principal con­
clusions of the ERAB Report —  that we can expect a sustained 
level of grain ethanol production of no more than 800 million 
gallons per year, and that each gallon of ethanol produced 
will displace no more than one-half gallon of premium fuel.

Second, the flaws in the ERAB Report can best be ex­
plained in the transmittal letter from the ERAB Chairman to 
Secretary Duncan which characterizes the report as having 
been "undertaken on a quick turnaround basis" using the 
"best available data" at the time the study was conducted —  
December 1979. That may not seem like a long period, but 
given the original research, study and analysis that has 
taken place in the intervening seven months by the National 
Alcohol Fuels Commission, Office of Technology Assessment, 
Solar Energy Research Institute, Departments of Energy and 
Agriculture, universities, and the private sector, the 
ERAB panel was in many instances working with outdated
information.

I will not attempt a point-by-point critique of the 
report's findings and recommendations. That has been done 
more than adequately by others, especially the Department 
of Energy's Office of Alcohol Fuels. I would like to 
concentrate instead on an issue raised in the report that 
is often dealt with emotionally, with little analysis or
basis in fact —  the so-called Food versus Fuel issue.
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While the ERAB Report does not explicitly state it,
I assume that its maximum 800 million gallon per year 
ethanol production figure is based upon an assumption that 
the limiting factor is the availability of grain —  primarily 
corn -- as a distillery feedstock.

The teport addresses grain availability as follows:
"Gasohol production, stimulated by high subsidies,♦ will reduce the amount of grain available for meat,milk, and egg production."

"The pool of grain available for gasohol and live­stock production is projected to decline in the future because of the rapidly growing world population and demand of this grain for food. Even without gasohol production projections are that both demand and prices for grain on the world market will increase."

"Basically because livestock and gasohol production use the same resouce, they will compete for surplus grain."

These are obviously serious concerns. No one wishes 
to undertake an expanded program of energy production that 
would jeopardize our food supply and grossly inflate food 
prices. Because the issue is critical to an expanded alcohol 
fuels program in this country, the Alcohol Fuels Commission 
requested the highly respected agricultural policy and 
economic consulting firm of Schnittker Associates of 
Washington, D. C. to undertake an exhaustive analysis of the 
effects of alcohol production from corn on the cost and 
availability of food over the next ten years. I have provided 
the Subcommittee with a copy of the report which will be 
released to the public within the next few weeks. I will 
summarize the report’s principal findings.



58

For purposes of the study, it was assumed that increasing 
world population, continued growth in real per capita in­
comes with an associated rise in demand for meat and poultry 
would generate a rapid increase in world demand for grain and 
oilseed used in this decade. U. S. export of grains wd% 
expected to continue its rapid rise.

The net effect of these factors is that grain prices *
were assumed to increase, on the average, as rapidly as 
the general rate of inflation, a more rapid increase than

♦that experienced during the past 10 years.
With these very responsible assumptions, the study found 

that without any special efforts to increase production by 
expanding the amount of land under cultivation or irrigation 
or by other means, and without reducing U. S. feed supplies 
or exports, or without causing grain prices to rise faster 
than others, a level of production of over 1 billion gallons 
of ethanol per year can be sustained. This allows for all 
other uses, including substantial increases in total carry­
over and reserve stocks to match the rising level of total 
demand. This finding alone refutes the ERAB production 
figure.

The study then went beyond this "baseline case" to 
determine the effects of going to levels of 2 billion and 
4 billion gallons of ethanol production per year in 1985 
and 1990 respectively.
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The findings may be briefly stated: The principal 
effects of such a program would be increased corn acreage 
and production, reduced demand and lower acreage for soy­
beans, and dramatic increases in supplies of corn milling 
by-products. None of this is surprising.

The increased corn acreage and production would be 
brought about by increased real prices for corn resulting 
from the demand created by the ethanol production. Producing 
2 billion gallons of ethanol in 1985 would increase real corn 
prices 8 percent. (That is above price rises that could be 
expected if corn prices follow inflation.) The 4 billion 
gallon production figure in 1990 would result in a 15 percent 
real price increase for corn, compared with the baseline case.

Worked through the food system, with generous assumptions 
on the price effects on all other agricultural commodities, 
the consumer price index for food would increase 6.6 percent 
from 1980 to 1990 over the baseline case. This is a maximum 
figure, since the prices of some domestic commodities and 
most imported commodities would not be affected by an ethanol 
program. Stated another way, for the period 1980 to 1990 
we could expect at most a 6.6 percent increase in food 
prices above levels expected due to inflation. The overall 
consumer price index effect for the 10-year period would be 
a little over 1 percent. I emphasize that these figures
are probably on the high side.



The reduction in soybean acreage would be due to the 
competition from the less expensive distillation by-products 
as protein feed supplements and from the switch to corn 
because of increased demand. While soybean acreage would 
drop, actual production would increase because of increased 
yield. Soybean meal would remain the leading protein by 
far. Most of the growth in the market, however, would be 
taken up by the distillation by-products.

The report indicates that the significant amounts of 
by-products generated will be absorbed, to a large degree, 
through exports, especially in Europe and Japan which have 
large and growing animal, poultry, and feed manufacturing

sectors.
Finally, the report found that increased use of corn 

for ethanol need not affect food supplies for developing 
countries, either severely or directly, given the fact that 
wheat and rice are the principal export food grains to these 
nations, both for long-term and emergency situations.

The essential message of the Schnittker Associates 
report is that we may proceed with an active alcohol fuels 
program, relying initially on grain-to-ethanol technology, 
with no fears that we will reduce the amount of grain 
available for meat, milk, and egg production.

The ERAB Report did not take into account the fact that 
America's farmers would respond to increased demand for corn 
by producing additional corn. Elementary economics indi­
cate that an increase in price will also increase supply.
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The flexibility to shift acreage from soybeans to corn, and 
thus increase corn production to meet demands for ethanol 
production, is there. Such shifts would be no more dramatic 
than the growth in soybean acreage over the past 20 years 
(an almost threefold increase), the rise in demand for 
corn sweeteners, or the shift in demand away from beef 
and pork to poultry. In each of these instances, rather 
dramatic structural changes have occurred in the industries 
involved over a 10-20 year period, primarily in the 
response to market and technological factors. Yet in no 
instance have there been any serious economic or resource 
adjustment problems, illustrating the considerable 
flexibility inherent in the U. S. food and agricultural
sector.

An expanded program of fuel alcohol production will 
also obviously have to incorporate safeguards against one 
or two bad crop years. In testimony before the Natioal 
Alcohol Fuels Commission in June, Secretary of Agriculture 
Bergland indicated that he felt that reserve policies could 
be tailored to incorporate considerations of alcohol fuels 
production. Senator Bayh has introduced the Energy 
Independence Grain Reserve Act which passed the Senate 
last Friday for just such a purpose. It would earmark 
grain for ethanol production, and establish a reserve 
system to assure adequate supplies and relatively predictable 
prices for alcohol fuels producers even during bad crop years.

6 8 -2 8 1  0 - 8 0 - 5
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In summary, I believe that the information now avail­
able to the National Alcohol Fuels Commission, gathered in 
a thorough, and technically defensible manner, refutes the 
contentions in the ERAB Gasohol Report that serious food 
price and availability problems will arise from an expanded 
alcohol fuels program.

Thank you. I will respond to any questions.

Mr.  F ith ian  [presiding]. Th an k you, Mr.  Childress.
Now  we will move to the  o the r two pan elis ts, and  the n we will open 

it  for  questio ns. Do you w an t t o flip a coin to see who proceeds first,  o r 
how do you  wa nt  to do it.

STATEMENT OF DR. ROBERT M. PEART, PROFESSOR OF 
AGRICULTURAI ENGINEERING, PURDUE UNIVERSITY

Dr.  P eart. T ha nk  you, Mr. Ch airma n, I am Dr.  Pe ar t, a professor 
of agr icu ltural  engineer ing at  Purdu e. I would like to en ter  t est imony 
on the  record  and  also the  v ery  r ece nt pub lication, No. EC -51 1, wr it­
ten  b y Dr.  Doe ring  and  Dr. Ty ne r of the  Dep ar tm en t of A gricul tura l 
Econ omics on “Alcohol Produc tio n from  Agricultura l Prod uc ts. ” 
Th ey  have some pe rti ne nt  th ings to say  in th at r epo rt.

Mr. F ith ian . W ith ou t objection,  it  will be a p ar t of the  record .
[The m ate ria l fol low s:]
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Alcohol Production fro m Ag ricultura l Products: 
An update on the Facts and issues

Otto  C. Doe rir g I l l  and W al lac e E. Tyne r*

*

Why i s  i t  th a t pe op le  su dd en ly  a re  in ­
te re s te d  in  a lc oho l pr oduct io n? The re a re  
two re asons . F i r s t ,  we a re  f in a l ly  re co g­
n iz in g  th e  na tu re  o f ou r mo st im media te en ­
er gy prob lem; and se co nd , OPEC c o u n tr ie s  
have  re c e n tl y  cha nge d th e eco nomics of o i l  
as  compared w ith  p o te n ti a l o i l  s u b s t i tu te s .

Wh ile th e  un it ed  S ta te s  i s  b le ss ed  w ith 
ab un da nt  su p p li e s  o f c o a l,  i t  has  on ly  a 
li m it ed  q u a n ti ty  o f o i l .  Thus , th e  c r i t i c a l  
need i s  fo r li q u id  f u e l s . Alm ost h a lf  o f  
th e  en er gy  we consun e i s  li q u id — in  th e form 
o f p e tr o le u n —y e t le s s  th an  5 p e rc en t o f ou r 
own en er gy  re sou rc es  a re  in  th e  form of  
p e tr o le u n . As a co ns eq ue nc e,  we a re  im po rt­
ing  al m os t o n e-h a lf  o f  ou r li q u id  fu e l r e -  
qu i rem en ts .

Re cent o i l  p r ic e  in c re a se s  have  pus hed  
th e p r ic e  o f p e tr o le un  to  th e  p o in t where 
a lc oho l p ro duct io n  may soo n make se nse  
ec on om ic al ly , even  w ithout governme nt su b si­
d ie s . Sh al e o i l  and co al li q u e fa c ti o n  a re  
s t i l l  more  ex pensi ve,  but th e  ga p i s  be in g 
narrowed ra p id ly . The li q u id  fu el  pro blem 
i s  so  se ver e th a t i t  may w el l be  in  ou r b e s t 
n a ti o n a l in te r e s t  to  embark on  th e prod uc ­
ti o n  o f no n- pe tro leum  li q u id  fu e ls  eve n i f  
th ey  a re  more ex pe ns iv e th an  im po rte d o i l .

However, i f  an  a l te r n a t iv e  li q u id  fu e ls  
program i s  c a rr ie d  o u t,  we mu st re co gn iz e 
th a t eve n on  a mas sive  s c a le , su ch  a pr o­
gram would re q u ir e  many years  o f e f f o r t  be ­
fo re  i t s  e f f e c t  on  th e  hi gh  vo lu ne  o f o i l  we 
im po rt w il l be f e l t .  Th is  ca n only  be  ac ­
compli shed  by  a long  te rm , d e l ib e ra te  and 
th oughtf u l co mbina tio n of re searc h  and 
dev el op ne nt  o f a l te r n a t iv e  fu e l sou rc es , 
co up led w ith a demanding conse rv ati on  pr o­
gram fo r a v a il a b le  and ex is ti n g  li q u id  fu e l 
m a te r ia ls .

* The au th ors  ar e Ass oc ia te  Pro fe ss or s of  
A gri cu lt ura l Economics, Purdue U niv ers it y . Much 
of  th e  te chn ic al in fo rm at ion was ob ta in ed  from 
Michael  K. La di sch,  Ass oc ia te  Pr of es so r of  Ag ri­
c u lt u ra l En gine er ing.

FUE L FROM AGRIC ULTURA L MATERIAL
Th ere a re  a nu nb er  o f p o s s i b i l i t i e s  fo r 

convert in g  a g r ic u lt u ra l pro duc ts  o r  w as te s 
to  li q u id  f u e l s . The ch oic e o f raw m a te ri ­
a l s  and p ro cess es i s  com plex  and in volv es  a 
nunber o f  im por ta nt p o li cy  ch o ic e s . Chly  
re c e n tl y  ha ve  we had  rea l in c e n ti v e s  to  pu r­
sue su ch  a c t i v i t i e s ,  so many of th e  econom ic 
and te c h n ic a l questi o n s  s t i l l  rem ain  
un an sw ered . Th ere a re  a ls o  a nunber o f po l­
i t i c a l  is su e s  remain ing to  be  so lv ed  as  
w e ll . The in te n t o f  th i s  p u b li c a ti o n  i s  to  
p re sen t f a c t s , to  id e n ti fy  some o f th e  i s ­
su es  and to  r a is e  some im por ta nt economic 
and te ch n ic a l questi o n s  th a t  nee d to  be  
asked to  b e t te r  un de rs ta nd  th e  ac tu a l pot en ­
t i a l  o f th ose  s o lu ti o n s .

Thi s p u b li c a ti o n  f i r s t  pro v id es some 
d e f in i t io n s  o f  common te rm s and a s e t  o f 
convers io n  fa c to r s  th a t a re  u sefu l in  lo ok­
ing  a t  d i f f e r e n t  al coho l pro duct io n  
p ro cesse s . I t  th en  lo ok s a t  th e  p ro duct io n  
o f g ra in  al co ho l fo r bl en di ng  w ith  g a so li n e  
to  make gaso h o l.  F in a ll y , i t  lo ok s a t  th e  
c e ll u lo s e  co nvers io n  a l te r n a t iv e  o f u t i l i z ­
ing  a g r ic u lt u ra l by-p ro duct s (such as  co rn  
s ta lk s ,  c e ll u lo se  w as te s and o ld  new pap ers ) 
to  make e th a n o l.

The econom ic and te ch n ic a l is su es  in  
th e  c e ll u lo s e  co nver io n p ro ce ss  a re  s u f f i ­
c ie n tl y  d i f f e re n t  from g ra in  co nv er si on to  
w ar ra nt an  e n t i r e ly  s e p a ra te  d is c u s s io n . 
C e ll u lo se  co nver si on  te ch no lo gy  may be  
a v a il a b le  to  us  on  a com me rci al s c a le  w it h in  
a few y e a rs . The co n s tr u c ti o n  o f g ra in  
co nvers io n  c a p ac it y  sh ou ld  be  co nsi der ed  in  
th e  c o n te x t o f  moving to  c e ll u lo se  co nv er ­
si o n  te ch no lo gy  down th e ro ad .

DE FIN ITION S AND CONVERSION RATIOS
A lc oho ls : A gr ou p o f o rg an ic  ch em ical  

compounds composed o f ca rb on , hydrog en  and 
ox yg en .

♦



Methanol (methyl al co hol, al so  known as 
wood al co hol ) : CH OH, one of  the alco ho ls  
which has been proposed fo r ble ndirq  with  
ga so li ne,  however, methanol ga so line blends  
are  more co rr os iv e than eth anol blends .

Ethanol  (et hyl  al co hol) : C_h,OH, the 
alco ho l prod uct o f gr ai n  fermentation  used 
in alc oholic bev erages  and fo r in dust ri al  
purpo ses . It  is  proposed fo r ble ndirq  with 
ga so line to  make ga so ho l. At pr es en t, in­
du st ri al etha nol  is  pr im ar ily produced from 
pe tro leun .

Gas ohol: A blend o f ga so line and a l­
coho l (u su al ly  et han ol ), commonly dis cusse d 
as a prod uct composed o f 90 perce nt ga so line 
and 10 pe rce nt ethano l by volume.

Pr oo f: A lcoh ol ic  co nc entra tio n in dic at ­
ed by a number th at  is  tw ice  the  percent by 
volune o f alco ho l pr es en t. In du stria l 
ethano l is  us ual ly  190 proof (95% alc o h o l) , 
and ethano l fo r gas ohol is  200 pro of (100% 
alc oh ol) . Volune and wei ght  per cen t are not 
eq ui va le nt .

D is t il le r s  Gra in : A by-pro duc t o f the 
gr ai n fermenta tion proce ss which may be used 
as a high  pr ot ein animal feed .

C el lu lo se : A sugar pol yne r found in the 
woody pa rts o f pl an ts  (e .g .,  corn  s ta lk s ) .

Fermentable Su ga r: Sugar (u su al ly  g lu ­
cose) deriv ed from st ar ch  and ce ll u lo se  
which can be converted e a s il y  to  al co hol.

Conversion Ratios
• 1 ba rr el  equa ls 42 ga llon s.
• 1 bushel o f corn  weighs 56 pounds.
•  1 ga llo n o f eth anol @ 200 pro of

weighs 6.6  pounds a t room tempera ture .
• 1 ga llo n o f eth anol co nt ain s 85,000 

Bills @ 200 pr oo f.
•  1 ga llo n o f No. 2 d ie sel fu el  con­

ta in s 140,000 BTUs.
• 1 ga llo n o f ga so line cont ain s 124,000

BTUs.
• 1 ton o f cro p resid ue  cont ain s the 

po te ntial  for 0.8 ton o f ferm enta ble su gar.
• 1 ton o f ferm entable sugar  can yi el d  

up to 0.5 ton o f 200 proo f etha no l.
In the  produc tion  o f gr ai n alco ho l:
•  1 bushel o f corn  y ie ld s up to 2.5 7 

ga llo ns o f 200 pro of et ha no l.
•  1 bushel o f corn y ie ld s 16.3 pounds 

of  carbon dio xi de.
• 1 bushel o f corn yie ld s  almost 17 

pounds (when dried) o f d is t i l le r s  gr ai n  at  
27% pr ot ei n.

GRAIN FERMENTATION FOR GASOHOL
There is  much p u b li c it y  cu rr en tly about 

ga so ho l. A ct ually,  gasohol is  not a new con­

ce pt  or  produc t. In 1934, Hiram-Walker 
marketed a motor fu el  prod uct ca ll ed  Al- 
co le ne , which was a blend o f alco ho l and 
gaso li n e. Sin ce the  ea rl y 1930s, the  re la ­
ti v e  pri ce  o f ga so line f e l l  because of  ine x­
pensi ve petroleum su pplies , and blending a l­
coh ol wi th ga so line became un pr of itab le . 
This is  now cha nging.

Ch the  ag ri cu lt u ra l s id e, with the 
reco rd corn crops and with export embargos 
from time to tim e, we can fa ce  the  prosp ect  
o f oc ca sion al  su rp luses and fa ll in g  gr ai n 
p ri ces . Government is  co nti nual ly  con sci ous 
o f the  need to increa se  farm income or at  
le a s t keep i t  from fa ll in g  too  fa r .

Gasohol emerges as an apparen tly  a t­
tr a c ti v e  so lu tion  to  both the  agri cu lt ura l 
and energy problems.  U ti li zi n g corn  to pro­
duce alco ho l can he lp s ta b il iz e  gr ain  pri ce s 
by cou nteri ng  the  e ff e c ts  o f embargos and 
reco rd y ie ld s . Federal su bs id ie s fo r a l­
coh ol pro duction would reduce  the  need for 
d ir e c t government programs to  increa se  gr ai n 
p ri ces . In terms o f energy , the alco ho l 
supply would be blended on a 10 to  20 per­
ce nt  b asi s wit h gaso li n e, the reb y reducing 
our need to import as  much o i l  from abroad.

Some Economic Considerat ions
Why not  have a plan which so lv es  the 

a g ri cu lt u ra l su rp lus problem and ai ds  in 
reducing our energy imports? Why ha ve n't we 
implemented such a plan alread y?  There are  
some sound economic reas ons  why we ha ve n' t 
been committing ou rs elve s to la rg e sc a le  a l­
coh ol pro ductio n unti l re ce ntly.

Tab le 1 il lu s tr a te s  what the  economics 
o f gasoh ol were in  the  beginnin g of  1978. 
In th is  example, eth anol could be produced 
fo r about $1.00 a ga ll o n , which was 2 1/2 to 
3 tim es the re fi ner y pri ce  of  ga so li n e.

In ord er to make gasohol prod uction 
eco nomical , th ere fo re , the  fe de ra l tax  of 
$.04 per  gallon  was exempted on a l l  gasoho l 
so ld . Sin ce one ga llon  o f eth anol was mixed 
with nin e gallons o f ga so line to  make ten  
gallons o f ga so ho l, and sinc e each gallon  of  
gasoh ol rece ive d the $.04 tax  br ea k, th is  is  
eq ui va le nt  to a $.40 subsidy per gallon  of  
a lc oh ol.

This meant th at  i f  the re fi n ery  price  
o f ga so line ros e to wi thin  $.40 o f the  co st  
o f a lc ohol,  gasoh ol would be an economical 
pr op os iti on  with the  fe de ra l tax  su bs idy. 
This had not occ urred in  1978, so a number 
o f s ta te s  removed th eir  road ta xe s to gi ve  
fu rthe r subsidy  to  ga so ho l.

In earl y  1980 when President Ca rte r an­
nounced his  gasoh ol program, the re finer y 
pri ce  o f ga so line was around $.90 a ga ll o n . 
Table 2 shows how the  economics o f gas ohol
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Table 1. Price Comparison for Gasoline and Gasohol, January 1978.

Item Gasoline Gasohol*

Gasoline ® $.3 8/g al a t re finery .38 .34
Ethanol 6 $1.00/ga l at  re finery — .10
Transportation .03 .03
Stat ion  mark-up .09 .09
State  tax .06 .08
fed era l tax .04 .04

pimp price of  product .62 .68

* A mixture  conta inin g 90 percent gaso line and 10 percen t eth anol.

Table 2. Price Comparison for Gasoline and Gasohol. January 1980 (Indiana).
Item Gasoline Gasohol*

Gasoline h $.9 0/ga l at  re finery .90 .81
Ethanol @ $1 .60/gal a t re finery ** — .16
Transpo rta tion and handling .04 .05
Stat ion  mark-up .10 .10
State tax .08 .04
Federal tax .04 —

Pump pr ice of  product 1.16 1.16

* A m ixture  con tainin g 90 percent gaso line and 10 percen t ethano l.
**  Ethanol was se ll in g  fo r $] •6 0/ga l. because of  high demand. I ts  cost

of  product ion  v*as probably  around $1 .20/ga l.

looked then , a ft e r  the  rapid increases in  
OPEC o i l  p ri ces. I t  is  cl ear from th is  
ta b le  th a t the rem iss ion  o f the  $.04 fede ra l 
tax is  by  i t s e l f  almost  s u ff ic ie n t to make 
gasohol pric es co m pe tit ive, esp eci a lly  i f  
one expects the re fi n e ry  price  o f ga so lin e 
to be wel l ove r $1.00 by mid-1980.  When the  
re fine ry  price  ge ts  over $1.25 in  th is  exam­
p le , the  remission o f the Ind iana st a te  
sales  tax is  no longer necessary to  make 
gasohol p rice  co mpe tit ive w ith  ga so lin e, 
even w ith  $1.60 etha no l.

Assuning the use o f gasohol na tionw ide , 
the fede ra l subsidy is  s t i l l  substa n tia l.  
We consune about 110 b il l io n  gallo ns o f 
ga so lin e an nu al ly . I f  $.04  tax is  exempted 
from each ga llon , the to ta l va lue  of th is  
subsidy is  $4.4 b il l io n  or  $20.00 fo r each 
person in  the  co un try .

Another importa nt ques tion is , "How 
much g ra in  would be required to produce the 
eth ano l needed to  make a 10 perce nt 
alco ho l-9 0 perce nt ga so lin e blend fo r the 
na tion 's  consunption?"  lb  make the 11 b i l ­
li o n  gal lo ns  o f alco ho l re qu ire d,  i t  would 
take 4.3 b il l io n  bushels o f co rn , about 60 
perce nt o f the n a tion 's  corn cr op . This 
would re qu ire  a d ra s ti c  change in  our li v e s ­
toc k industry and e lim inate  most ex ports  o f 
co rn . Ihe  long term ques tion is ,  " lb  what 
ex tent  are  we w il li n g  to  expand our  eth ano l 
prod uc tio n indust ry  w ith  ju s t g ra in  as a 
base fo r th is  expansion?" I t  is  here th a t

the po te ntia l fo r ce llu lo se  conversion  to  
alco ho l becomes c r i t i c a l l y  im po rta nt .

I t  is  als o he lp fu l to  examine the 
breakdown o f the co st  o f prod uc tio n fo r corn 
fe rm en ta tio n eth an ol , la b le  3 prov ide s the 
co st  breakdown fo r a range o f corn pric es 
from $1.50 to  $4.00 per bushel.  'Ihe to ta l 
co st  o f produc tion o f co rn ferm en ta tio n a l­
cohol  (p la n t,  fu e l,  la bor,  in te re s t,  e tc .)  
is  about $1.62 per  ga llon  w ith  corn a t $2.50 
a bu sh el , incl uding cap ita l recovery. 
Cre di ts  fo r by-produc ts such as drie d d is ­
t i l l e r s  g ra in  (DEG) amount to  $.39 per g a l­
lo n . (A ll  ca lc u la tions are  done fo r a p la n t 
produc ing 50 m il li o n  gallo ns o f eth anol an­
nua lly .)

Note th a t the  va lue  o f DEG may be on 
the hig h side  i f  nearby markets  are  no t 
ava ilab le  or  i f  by -produ ct prices shou ld 
f a l l  w ith  increa sin g outp ut.  I t  may be on 
the low side  i f  DEG price s ri s e  w ith  corn 
p rices.

Hie annual corn require ment fo r the 
p la n t is  19.5 m il li o n  bushels . As can be 
seen from Table 3, eth anol corn price  combi­
na tio ns  range from $1.50 corn y ie ld in g  $.93 
ethano l to  $4.00 corn y ie ld in g  $1.63 
eth ano l. Ihe alc oh ol  p rice  fo r $2.50 corn 
is  $1.21 per  g a llo n .

The Question of Energy Efficiency
Another co ns ider at ion th a t has created 

co ns ide rable  in te re s t is  the ne t energy e f-



Table 3. Cost of Producing  Alcohol from Co rn.*

Corn
p ri ce

Corn
cos t3

Fixed
costs 0

Operating
costs

Gross
to ta l
cost

By -p ro du ct
c re d it s 0

Minimum
alc ohol
s e ll ir r j
p r ic e ^

S/b u. $ /g a l. S /g a l. $ /g a l. $ /g a l. S /g a l. — 575 5T7
1.50 .58 .31 .31 1.20 .27 .93
2.00 .78 .31 .31 1.40 .33 1.07
2.5 0 .97 .31 .31 1.59 .38 1.21
3.00 1.17 .31 .31 1.79 .44 1.35
3.50 1.36 .31 .31 1.98 .49 1.49
4.0 0 1.56 .31 .31 2.18 .55 1.63

SOURCE: the raw dat a fo r  com piling th is  ta b le  were ob ta ined from Gra in  
Motor fu e l A lc ohol-Technica l and Economic Assessment S tu dy, prepared  fo r  the 
U.S.  Department o f tn erg y by  Raphael Katzen Ass oc ia te s (June 1979).

*  Hie da ta  were co ve rte d to  f i r s t  q ua rt e r 1980 co s ts . P la nt  s iz e  is  50 
m il li o n  g a llo n s  pe r year.  The p la n t uses  coa l fo r  proc es sing  en ergy .

a /  Thi s co nv er sion  assunes 2.5 7 g a llon s  o f  a lc oho l is  produced from one 
busheT o f co rn .

b /  The fi xe d  costs  in clu de am o rt iz a tio n  o f  th e  inv es tm en t costs  ov er  15 
ye ars a t 15 pe rc en t ra te  o f re tu rn  p lu s  li ce n se  fe es, ma inten ance , ta x , and 
in su ra nc e.  The c a p it a l cost in c lu d in g  wo rking  c a p it a l is  $73.14 m i ll io n .

c /  Ope ratin g costs  in clu de row m a te ri a ls  o th e r tha n co rn , such as en ergy , 
la b o r,  overhead , f re ig h t  and m isce lla neo us expen ses.

d /  The by-p ro ducts are d i s t i l l e r s  g ra in s  and ammoniun s u lf a te .  D i s t i l l ­
e rs  g ra in s  are va lue d a t $110 pe r d ry  to n  and c o n tr ib u te  37 o f the 38 ce nts 
by- pro duct  c re d it  a t $2 .50 corn . The d i s t i l l e r s  g ra in  by-p ro duct c re d it  in  
th is  ta b le  is  ca lc u la te d  assuming th a t p ro te in  p ri ce s  change alo ng  w it h  co rn  
p ri c e s . We assumed th a t th re e -f o u rt h s  o f  th e p ro p o rt io n a l change in  co rn  
p ri ces occ ur s in  DDG p ri c e s . Eor example, th e  change in  co rn  p ri c e  from $2.50 
to  $3.50  re pr es ents  a 40 pe rcen t increa se  in  co rn  p ri c e s , and we assume a DDG 
p ri c e  o f  $143, wh ich  is  30 perc en t h igher than  the $110 base  p ri c e .

The two p ri ce s  ten d to  move in  the same d ir e c t io n  because co rn  and soybe­
ans (a p ro te in  source) are grown in  th e same areas on th e same type  o f la nd . 
However, th e  ex ac t re la ti o n s h ip  between the two p ri ce s  is  not known, and th is  
assum ptio n re pre se nts  ou r judgement as to  what the re la ti o n s h ip  m ig ht be .

e /  This  p ri c e  in clu des p r o f i t  fo r  the producer ( in  th e  c a p it a l reco ve ry  
component o f  fi xe d  c o s ts ) .

fi c ie n cy  o f the corn to  eth anol conversion 
process. Does the process consume more en­
ergy than i t  ac tu a lly  produces? The answer 
to  th is  ques tion is  un clea r, and “ cr eativ e 
accoun ting " or  changes in  assumptions can 
s h if t  the  re su lts  o f the an alys is  from one 
conc lus ion  to  anothe r. However, a number of 
large engineer ing fir m s cla im  to  have energy 
e ff ic ie n t processes.

The re su lts  depend c r i t i c a l l y  upon the 
assumptions made rega rd ing:  (1) the in c lu ­
sion o f crop  res idu es in  the  analy si s,  (2) 
the processing  or  dr ying  o f by -produ cts,  (3) 
the  vint ag e of techno logy  used, (4) the e f­
fi c ie n cy  o f alc oh ol  u t il iz a t io n  in  automo­
b ile s  and (5) changes in  the petroleum re­
fi n in g  process which might  be poss ib le  i f  
alc oh ol  cou ld be used widely as an octane 
bo os te r.

Most rec en t stud ies in d ic ate  th a t w ith  
new but cu rr en tl y  ava ilab le  tec hnolo gy, the  
net energy ou tput  o f alco ho l used fo r 
gasohol balances  or is  perhaps somewhat 
gr ea te r than  the  inpu t energy in  grow ing ,

transp or tin g and processing  the  corn in to  
a lc oho l. **

However, analy zin g ne t energy may re a l­
ly  ign ore the most im porta nt fa cto r th a t 
w i l l  in flu en ce  nat iona l energy po licy  in  the 
coming years. This is  the need fo r li q u id  
fu e ls , no t ju s t fo r net energy. I t  may not 
mat ter i f  eth anol produc tion re qu ire s the 
same amount o f ene rgy , or even a b i t  more 
energy than is  re turne d in  the li q u id  pro ­
duc t.  Instea d,  the c r i t ic a l  fa c to r is  
whether we design our alco ho l produc tion 
ca pa ci ty  to run on so lid  energy forms li k e  
coa l,  which we have in  abundance, ra ther  
than on o i l  or gas .

I f  fe de ra l su bs idies  encouraged the  use 
o f co a l, the  prod uc tio n o f eth anol might be

**  Two good sources fo r  fu r th e r  in fo rm ation  
a re : R. S. Chambers,  R. A. Herendeen , J . J . Joyce 
and P. S. Penner,  "G as ohol : Does I t  o r Doe sn 't I t  
Produce Net Ehe ,rgy ," Scien ce . it o l.  206, No. 4420 
(Nov. 16, 1979); and O ff ic e  o f Techno logy Assess­
me nt,  U.S.  Gon gress,  Ga soho l: A Tec hn ical  
Memorandun, O.T. A .,  Washingto n, D .C ., Se pt . 1979.
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viewed as an in d ir e c t way o f co nver ting coa l 
to  a li q u id  fu e l.  In our  judgment , the  
fe de ra l subs id ies should be denied to plan ts  
th a t burn  o i l  or  gas in  the eth anol produc­
ti o n  process.

Some Policy Issues Involved
Beyond the complex issues  discussed 

above li e s  an even more complex se t o f so­
c ia l po li cy  issues  de al ing w ith  energy and 
a g ri cu lt u re . We must s tr iv e  to  answer such 
questions as the fo llo w in g :

1. Many economists cons ide r the  co st  to  
so cie ty  o f o i l  impor ts to  be cons iderab ly 
hig her than  the  p riva te  co st s.  How va lua ble  
is  i t  to  so cie ty  to  produce energy a t home 
ra ther  than  to import i t ;  and what is  the 
best means to  accomplish th a t objec tiv e?

2. What are  the  feedback co sts o f 
hig he r o i l  pric es th a t go in to  the  co st  o f 
producing corn and conver ting i t  to  ethano l? 
Gasohol does no t ne ce ss ar ily  become economi­
ca l when ga so lin e re fi ne ry  pric es reach ove r 
$1.25 per  ga llon—because the co st  o f corn 
energy inpu ts  in  tu rn  ri se  in  p ri ce ; thus , 
energy input co sts  in  the conve rsio n process 
ri se  in  p ri ce .

3. What e ffec ts  would va rio us  size s o f 
gasohol programs have on a gri cu ltu re  (i n  
terms o f corn and soybean p rices, exports  
and farm incomes)?

4. What might be the consequences o f 
a lt e rn a ti ve  p o li c ie s  designed to  st im ulat e 
produc tion o f energy from agricu lture ?

These and othe r questions remain 
unanswered, bu t research continues  to  focus 
on reaching  answers.

FERMENTATION OF AGRICULTURAL 
BY-PRODUCTS INTO ALCOHOL

We now s h if t  our  focus to  the  use o f 
a g ri cu lt u ra l by-products as inpu t m ate ria ls . 
The prospe ct o f using  a g r ic u lt u ra l by­
products  and othe r c e ll u lo s ic  res idue ma­
te r ia ls  to  produce fu e ls  such as eth anol and 
chem icals fo r in dust ry  ho lds some promise i f  
the  research and economics can be worked 
out.  By c e llu lo s ic  res idu es we mean corn 
s ta lk s , sugar  cane bagasse, waste paper and 
othe r mu nic ipa l wastes and fo re s tr y  pro­
du cts.

Pre se nt ly , the Uhited Sta tes  produces 
appro xim ate ly one b il l io n  tons o f c e llu lo s ic  
waste m ate ria ls  each ye ar , which th e o re ti ­
c a ll y  could  su s ti tu te  fo r a la rg e percentage  
o f our  li q u id  fu e l needs. However, the  
question is  no t only  a v a il a b il it y  o f c e ll u ­
lose m ate ria ls , bu t als o c o ll e c t ib il i t y ,  
conve rsio n and the a lt e rn a ti ve  va lue  o f 
these m ate ria ls .

Of the appro xim ate ly 400 m il li o n  tons 
o f a g r ic u lt u ra l crop  res idu es produced each 
ye ar , i t  is  estimated th a t about 80 m il li o n  
ton s shou ld and could  be removed from farm 
land  fo r convers ion  to  a lcoho l. This quan­
t i t y  o f res idu e could  p o te n ti a ll y  produce as 
much as 9.7 b il l io n  gal lo ns  o f a lcohol, 
abou t the  same amount th a t could  be produced 
from 50 percen t o f our corn crop .

Cellulose Conversion
Ge ne ra lly , c e ll u lo s ic  wastes co nt ain 

th ree main components—h em icel lu lose , c e ll u ­
lose and li g n in . Lignin  is  bas ic a lly  the 
cementing m ate ria l o f tre es and othe r woody 
pa rts o f the  p la n t.  Current res idu e u t i l i ­
za tio n processes have had a ve ry  d i f f i c u l t  
time separating the pro te ctive  li g n in  sea l 
from the ce llu lo se . Chce made ac ce ss ib le , 
the  ce llu so se  can be used to  produce alco ho l 
by the tr a d it io n a l ferm en ta tion processes.

Several new processes fo r ce llu lo se  
conversion  are  under developnent in  the U.S. 
One o f these is  in  the Lab ora tory o f Renew­
ab le Resources Eng inee ring  (LORRE) a t Kirdue 
Univ ers ity under the d ir e c ti o n  o f Dr . George 
T. TSao. Cn a la bora to ry  basis , the va rio us  
approaches under developnent can conver t one 
ton o f ce llu lo se  in to  0.8 ton o f fermentable  
sugar.  Th is invo lves  co nver tin g each o f the  
components o f the c e ll u lo s ic  wastes in to  
fermentable  sugars and then  in to  al co hols . 
Hemicellulose is  conver ted  to  sugar f i r s t ,  
and then the re sidu al  c e ll u lo s ic  m ate ria l is  
pr et reated  and subsequently conver ted .

When comparing corn g ra in  to  corn cro p 
re sidu es , one ton o f co rn g ra in  (35 .7 
bushels) can produce 0.65 ton o f fermentable  
sugar  from the  star ch  p o rt io n . Using LORRE 
tech no logy , 0.15 to n o f fermentable  sugar 
can be conver ted from the  fi b e r  in  the  
g ra in , g iv in g  a to ta l o f 0.8  ton o f ferm ent­
ab le sugar  which  is  conver ted in to  0.4  ton 
(120 ga llo ns ) o f a lcoho l.

Cn the oth er  hand, one ton o f corn crop 
res idu e co ntains  about 0.8  ton  o f ferment­
ab le sugar, which has a raaximun pote ntia l 
y ie ld  o f 0.4  ton (120 gal lons ) o f a lcoho l. 
E b te n ti a ll y , as much alc oh ol  could  be pro­
duced from one ton o f c e llu lo s ic  wastes as 
can be produced from one ton  o f g ra in  when 
using  these new p rocesses to  co nv er t c e llu ­
los e in to  a lcoho l.

Crop Residue Harvesting and Handling
Another qu es tion to  be answered in ­

vo lve s removal o f the cro p resid ue  from the  
f ie ld .  Tb what ex tent  does residue  e ff e c t 
s o il  f e r t i l i t y  and t i l th ?  Research in d i­
ca tes  th a t some cropla nd erodes badly enough 
so th a t no res idue shou ld be removed.

7
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Crop res idu e removal al so  competes with 
harvestin g and subsequent  f a l l  t i ll a g e . 
Th erefore, more work must be done in id en ti ­
fy ing the  optimum le vel o f corn res idu e re­
moval . A farmer  with an op portu nit y co st  of  
$600 per hour fo r ha rvestin g his  gr ai n is  
not  li k e ly  to  ha rvest cro p re sidu es  a t the 
ra te  o f $60-70 an hour i f  the  gr ai n  and 
res idu e are  competing for tim e. Equipment 
must be developed th at  can c o ll e c t the  waste 
material  e a s il y  with out  in te rf er in g with the 
ha rvestin g p ra cti ce .

Yet anoth er important problem is  han­
dl in g the re sidu e.  A p ro fi ta b le  pro cessing 
plan t runs the  en ti re  yea r and th er efor e 
must have a continu ous  sup ply  o f crop  re s i­
dues.  Crop residu es  w il l have to  be handled 
ve ry  much li k e  our gr ai n  or  forage  prod ucts  
are pre se ntly.  That i s ,  they  must be co l­
lect ed  and sto red  ei th er as  a dr y or  en si led 
product in a system econom ica lly ab le  to 
maintain qu ali ty  and ac ce ss  for fu tu re  tra n­
sp or ta tio n and pr oc es sing . The tran sporta­
ti on  w il l have to be optimized in  terms o f 
how fa r i t  is  eco nomical ly fe a si b le  to tra n­
sp or t these produc ts.  Many qu es tio ns  must 
be answered before  we can proceed into  the 
waste  ce ll u lo se  pr oc es s.

Other sou rce s o f c e ll u lo s ic  waste ma­
te r ia ls  inc lud e fo re st  re sid ue s and munici­
pal and in dus tr ia l waste produc ts.  Although 
we may have a more constant  sup ply  o f thes e 
prod ucts throughout the  yea r to feed .t o  a 
pro ces sing pla nt,  the  same qu es tio ns  con­
cerning the economic f e a s ib il it y , handling 
systems and equipment must be answered to 
des ign  an e ff ic ie n t pr oc es s.

Sev era l oth er usefu l and hig h-price d 
prod ucts  can al so  be made from gr ai ns and 
waste m at er ia ls . Planning for res earch  re­
gard ing u ti li za ti o n  o f waste m at er ia ls  and 
gr ai ns  should inc lud e not on ly  eth an ol but 
also  oth er chem ica ls.  However, many te ch ni ­
ca l and economic qu estio ns  remain unanswered 
and co nst it ute  a major pa rt  o f our curre nt  
res earch  e ff o r ts .

Alcohol Fermentation
Using sugar s de riv ed  from star ch  or 

c e ll u lo se , the  maximun yie ld  is  1 pound of  
et hyl  alco ho l from each 2 pounds o f ferment­
ab le  su ga r. The othe r h alf  o f the  wei ght  of 
suga r is  give n o ff  as  carbo n dio xi de.

I t is  desi ra ble  to ob tain  a con cen tra ­
ti on  o f eth anol in  the  fermenta tion bro th o f 
at  le a s t 6 pe rc en t.  Below th is  con cen tra ­
ti on , the  sepa ra tio n of  eth anol from water 
by d is t i ll a t io n  becomes ve ry  energy- 
in te nsi ve. Current fermenta tion tec hnology 
is  ca pa ble o f at ta in in g up to 12 pe rce nt 
eth anol co nc en tra tio n in  a rea son able fe r­
mentation tim e.

CONCLUSION
The heighten ed in te re st and a c t iv it y  in  

alco ho l pro duction fo r energy purposes is  
tak ing  plac e in an environment where prob­
lems are looming la rg er  and we are being  
pressed  by world ev en ts fo r so lu tion s to 
complex te ch nic al  problems.  Any new tec h­
nology  li k e  ce ll u lo se  con version must go 
through a number o f step s be fore  i t  is  ap­
p li cab le  to fu ll - s c a le  com me rcia liza tion and 
u til iz a t io n . Even with the  tec hnology 
a v a il a b le , as  in the  case  of  alco ho l produc­
tion  from corn, i t  take s su bs ta ntial  time 
and e ffo r t  to c a p it a li ze  and co ns truc t a new 
in du stry .

Our tendency  is  to  want immediate 
"s ol ution s"  and to eit her  accept  or  re je ct 
them on the  f i r s t  round of re su lt s . Un cri t­
ic a l acc ept anc e based on p osi ti ve  re su lt s , 
or the  eq ual ly  li k e ly  re je cti on  based on a 
f i r s t  round of fa il u r e s , does not  g iv e  a 
technology the  ne cessary time to develop and 
be proven . Ei the r approach is  li k e ly  to 
cause more harm than goo d. What is  needed 
is  le s s  press ure fo r in stan t so lu tion s and 
more pa tie nc e fo r te st in g both new tec hnolo ­
g ie s  th at  appear  to work and those th at  
s t i l l  have to  overcome many problems.
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Mr. F ithian. Dr. Peart?
Dr. Peart. I will summarize my statement.
A group of us in the School of Agriculture at Purdue, interdisci­plinary group, completed a study in 1977, funded by the National Science Foundation; and we studied in detail the energy requirements for raising corn, producing corn. The results of that are shown on page 2, in detail, as far as what  goes into fuel for the field machinery, the fertilizers, pesticides and the fuel for drying corn that ’s raised m the Corn Belt. Then we calculated the outputs, the yield, as it varies from year to year, using weather da ta, and have summarized th at in table 2 on the basis of obtaining 2.6 gallons of ethanol per bushel of corn. To summarize, our totals come out tha t about 23,000 Btu ’s of energy go into the raising of the corn grain for each gallon of ethanol. Th at’s charging all of tha t energy to the grain itself and not charging any of it to the protein byproduct, the distiller’s grain, or to the residue, so that  those byproducts are essentially free as far as energy is concerned.We disagree with the accuracy of the data  in tha t ERAB report. It  was based on Dr. Pimentel’s early article in Science magazine on the energy use in corn production, and it showed higher figures for the energy input than what our research showed. Th at’s a disagreement we have with the accuracy of those numbers, and there are several reasons for that, tha t we give in the testimony there.
In addition, the  point t ha t’s made in this report by Dr. Doering and Dr. Tyner on alcohol production is tha t the form of tha t energy is impor tant and the liquid fuel is what we are really critically short of. Many of the inputs into corn production come from natural gas, and tha t economics are that  tha t energy is much less expensive than  energy from liquid oil, diesel fuel, and gasoline. So, tha t makes the economics of alcohol production look better th an the stric t energy accounting of it, and I think that ’s the second major point tha t we wanted to make.Another agricultural economist at the University of Illinois has made some interesting calculations recently. This is Dr. Folke Dovring, and I quote him in the report, saying th at the export price of a bushel of corn ought to exceed one-tenth of the import price of a barrel of crude oil; otherwise, it would be more economical to produce ethanol from the grain, export the distiller’s grain  byproduct instead of the corn, and thereby replace the imported oil with ethanol. In  other words, if crude oil on the spot market is, say, $35 a barrel, his analysis would suggest tha t we should not export corn unless we would get one-tenth of that , or $3.50 per bushel, for the corn, jus t on a stric t economic basis tha t tha t corn would produce enough ethanol to replace the fuel from the imported barrel of oil at $35.
Tha t summarizes my testimony.
Mr. F ithian. Thank you, Dr. Peart.
[Dr. Pear t’s prepared statement follows:]
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Te sti mon y o f Rob er t M. P e a r t,  P ro fe ss o r o f A g r ic u lt u ra l Engi nee ring 
Pu rdue  U n iv e rs it y , to. L a fa y e tt e , IN 47907 

and  Res ea rch Pro gram Lea de r,  USDA-SEA 
N or th er n En erg y C en te r,  P e o ri a , I l l i n o i s

B ef or e U.S . House o f R ep re se n ta ti v e s , Sub Comm itte e on  th e  
En vi ro nm en t, Energ y and  N atu ra l Res ou rc es  o f th e  

Government  O pera ti ons Comm ittee 

J u ly  28 , 1980 -  L a fa y e tt e , In d ia na

En erg y fo r Corn P ro duct io n  fo r Fue l E th an ol

Hie en er gy  e f f ic ie n c y  o f e th an o l p ro duction  fro m corn  g ra in  ha s bee n 
quest io ned  r e c e n t ly . A s ig n i f i c a n t  amount o f en er gy  i s  used  in  g ra in  prod uc ­
t io n ,  and  we ha ve  s tu d ie d  t h i s  in  d e t a i l .  The fo ll ow in g  in te r d is c ip l in a r y  
gro up  worked on  a N ati ona l Sci en ce  Fou nd at io n s tu dy  in  1977 (summary o f re p o rt  
a tt a c h e d ) . In  a d d it io n , o th e r f a c u lt y , a p o s t d o c to ra l fe ll o w  and  se v e ra l 
g ra d u a te  s tu d e n ts  worked on  th e  p r o je c t ,  and in d u s tr y  and  farm re p re s e n ta ti v e s  
me t w ith us  and  had in p u t.

Dr . O tto C. Doerin g I I I ,  A g r ic u lt u ra l Economic s -  P ro je c t Le ad er
Dr . S ta n le y  B ar ber , Agronomy
Dr.  Rob er t P ic k e tt , Agronomy
Dr.  Rob er t F. D al e,  Agronomy
Dr. C ar l N o ll e r,  Anima l Scie nces
Dr.  Samuel P ars ons,  A g r ic u lt u ra l En gi ne er in g
Dr.  Rob er t P e a r t,  A g r ic u lt u ra l En gi ne er in g

The un ique  fe a tu re  o f ou r s tu dy  was th e  c o n s id e ra ti o n  o f a c tu a l wea th er  
and  i t s  e f f e c t  on  ti m e li n e s s  o f o p e ra ti o n s  and  y ie ld .  We c a lc u la te d  th e  
amount and ty pe o f en er gy  in p u t fo r ea ch  f i e ld  o p e ra ti o n , fo r  tr a n s p o r t from  
f i e ld  to  fa rm st ead , fo r u t i l i t y  tr a n s p o r t to  and  from f i e ld s ,  cr op  d ry in g  
f u e l ,  and th e  en er gy  in p u ts  in to  th e  m an uf ac tu re  and  t ra n s p o r t o f a l l  f e r t i l ­
i z e r s ,  h e rb ic id e s  and  in s e c t ic id e s .  We d id  n o t c a lc u la te  en er gy in p u ts  in to  
se ed  p ro ducti on  and m ac hine ry  m anufa ctu re , b u t se p a ra te  work in d ic a te s  th a t  
th e se  re p re se n t le s s  th an  10% of th e  in p u ts  to  Midwest co rn  p ro d u c ti o n . Li ke ­
w is e , we d id  n o t in c lu de  i r r i g a t i o n ,  but i t  i s  a major  in pu t wh ere  i t  i s  us ed . 
I e s ti m a te  th a t  ab out 15% o f U.S.  corn  p ro ducti on  i s  i r r ig a te d .

Weather in pu t was e s p e c ia ll y  im port an t in  ou r c a lc u la ti o n  o f co rn  y ie ld s , 
an d r e a l i s t i c  y ie ld s  fo r le v e l ,  p ro d u c ti v e  w es te rn  c e n t ra l In d ia na ty p ic a l of  
much o f th e  Corn B e lt  we re o b ta in e d . We d id  th e  c a lc u la ti o n s  fo r 7 y e a rs  of  
wea th er  a t  L a fa y e tt e , 19 68 -74.  The low y ie ld  du e to  th e  d ry  w ea th er  o f 1974 
was in c lu ded , bu t th e  corn  le a f  b l ig h t  o f 1970 was  n o t.

In put and  o u tp u t r e s u l t s  av er ag ed  ov er  th ese  7 y e a rs  a re  shown in  Tab le
1.
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Tab le  1.  Energy In pu ts  and  Out pu ts  in  Midw est , N o n -i r ri g a te d  
P ro duct io n  o f Corn,  conven ti onal t i l l a g e ,  le v e l ,  p ro d u c ti v e  s o i l .

INPUTS Amt. per a c re  En erg y E q u iv a le n t,
M il li o n /B tu  Ac re

Fuel  fo r f i e ld  m ac hi ne ry , d ie s e l 9 .0  g a l/ a c r e 1. 22
F e r t i l i z e r s ,  N it ro gen 175 lb /a c re 4 .3 8

Ph os ph orus  & Po ta ss iu m 128 lb /a c re 0 .3 2
P e s t ic id e s ,  in c lu d in g  h e rb ic id e s 5 lb  a c ti v e  

in g re d /a c re 0. 60
Fu el  fo r  d ry in g  of g ra in , LP gas 20 .7  g a l/ a c r e 1. 93

TOTAL 8.4 5

OUTPUTS:

G ra in , s h e ll e d  co rn 13 8.7 b u /a c re 54 .37*
R es id ue, a l l  ab ov e-grou nd 3 .9  to n s /a c re 54 .37*

Corn co bs
(i nclu ded  in  re s id u e  abo ve) 1380 lb /a c re 9. 71 *

TOTAL 10 8.74
G ra in  O u tp u t/ D ir ec t En erg y In p u t = 6. 43
*7000 Bt u/po un d @ 15 1/2% m ois tu re we t b a s is

The  en er gy  o u tp u t/ in p u t r a t io  i s  th e  ke y in fo rm a ti o n , and  i t  shows th e  
b le ss in g  o f p h o to sy n th e sis  and  s o la r  en er gy  wh ich  co n v ert  th e se  in p u ts  in to  
s ix  tim es a s  much en er gy  in  th e  corn  k e rn e ls  a lo n e . In  a d d it io n , th e  co bs  
c o n ta in  en er gy  e q u iv a le n t to  ab out 15% o f t h a t  in  th e  g ra in . A ll  o f th e  
ab ov e-gr ou nd  re s id u e , s t a l k s ,  le a v es  and  cobs,  c o n ta in  en er gy  abou t e q u iv a le n t 
to  th a t  in  th e  g ra in . So th e  e n t i r e  co rn  p la n t re tu rn s  abou t 12 tim es  th e  
f o s s i l  en er gy  in p u ts .

The in p u ts  to  co rn  p ro d u c ti o n  a re  m ost ly  gase ous,  n o t l iq u id .  Dr ying  
fu e l i s  LP gas o r n a tu ra l g a s , and th e  major  f e r t i l i z e r  in p u t,  n it ro g e n , i s  
prod uc ed  from n a tu ra l g a s . E le c t r ic a l  in p u ts  fo r d ry in g  fa ns and  co nv ey ing 
eq uipm en t a re  so  sm al l we d id  n o t in c lu de  the m.  The cro p  p ro ducti on  en er gy  
in p u ts  a re  re p o rt ed  in  te rm s of th e  p o te n ti a l e th ano l p ro d u c ti o n  in  Tab le  2.

Tab le  2.  Approxim ate  Corn P ro duct io n  En ergy  In p u ts
per Gal lo n  o f Eth an ol  Pr od uc ed ._______________

(L ev el , p ro d u c ti v e  s o i l ,  140 b u /a c re , 2 .6  g a l .  e th ano l/ bu )

In pu t Main So ur ce In p u t En erg y

Ch em ica l f e r t i l i z e r s  and p e s ti c id e s  
G ra in  d ry in g  
F ie ld  eq uip me nt 

T o ta l

N atu ra l gas 
LP and  n a tu ra l gas 

D ie se l o i l

15 ,000  B tu /g a ll o n  e th ano l 
5 ,0  B tu /g a ll o n  e th ano l 
3, 00 0 B tu /g av lo n  e th ano l 
23 ,0 00  B tu /g a ll o n  e th ano l

«



A major  d a ta  sourc e  fo r many s tu d ie s  o f e th ano l en er gy  ba la nces  ha s be en  P im e n te l' s  e a r ly  Scie nce a r t i c l e  (2 ) . We c r e d i t  t h i s  work in  c a l li n g  a tt e n ­ti o n  to  a v a lu a b le  method  o f a n a ly s is , b u t we d is a g re e  w ith th e  va lu es  
o b ta in ed . Hi s r e s u l t s  show le s s  th an  h a lf  th e  Corn B e lt  en er gy  e f f ic ie n c ie s  we c a lc u la te d . A major  ca use  i s  h is  us e o f 1970 U.S.  aver ag e y ie ld s  which we re low du e to  th e  corn  le a f  b l ig h t .  We used  w ea th er -b as ed  y ie ld s  on h ig h - f e r t i l i t y  s o i l  and th e se  y ie ld s  a re  h ig h e r th an  th e  U.S.  avera ge . P im e n te l' s  wor ke rs  c a lc u la te d  th e  en er gy  in p u t fo r m anufa cto ri ng  th e  farm eq uipm en t and  th en  a ll o c a te d  t h i s  to  62 a c re s  o f c o rn . We fe e l th e  equipm en t i s  used  on much more c o rn , per hap s an  av er ag e o f 400 a c re s  in  th e  Corn B e l t.  They a ls o  est im ate d  a r e la t iv e ly  h ig h  e l e c t r i c a l  en er gy use  to  corn  in  p ro p o rt io n  to  i t s  acre ag e .

Th ese en er gy  e s ti m a te s  o f P im en te l,  e t  a l . ,  were  used  in  th e  a n a ly s is  o f Wei sz and  M ar sh al l (3) in  ano th er S cie nce a r t i c l e ,  and th ey  co nc lu de d th a t  
e th ano l from g ra in  pro duc es  no new n e t en er gy  (a s d id  th e  ERAB r e p o r t ) . Our Corn B e lt  va lu es  would ch an ge  th e i r  r e s u l t s  m ar ke dl y by re duc in g th e  en er gy  in p u ts  to  e th ano l p ro ducti on  by  ab ou t 30 ,000  B tu /g a ll o n  o f e th a n o l.  Et ha no l 
i t s e l f  c o n ta in s  about 84 ,500  B tu /g a ll o n , so  t h i s  c o r re c ti o n  i s  s ig n i f i c a n t .  I t  i s  im port an t to  no te  t h a t  th e  a n a ly s is  in  th e  ERAB Gasoh ol  Rep or t ch ar ges  a l l  th e  en er gy  in p u ts  to  th e  e th a n o l,  le av in g  th e  d i s t i l l e r s  g ra in  and cro p  re s id u e  f r e e  o f an y en er gy in p u t charg e.

Pro ba bl y more  s ig n i f ic a n t  th an  th e  a c tu a l en er gy  a cc oun ti ng , ho wev er , i s  th e  form  and u t i l i t y  o f th e  v a ri o u s  en er gy in p u ts  and  o u tp u ts . Eth an ol  i s  a li q u id  fu e l th a t  re p la c e s  g a so li n e  from im po rted  o i l  on ab ou t a g a ll o n - f o r -  g a ll o n  b a s is . (Auto m ilea ge w ith ga so hol i s  about equal  to  th a t w ith un lead ed  
g a so li n e  in  s p i te  o f th e  s l i g h t ly  lower  en er gy  c o n te n t. )  The  on ly  li q u id  fu e l in p u t to  corn  p ro d u c ti o n  i s  d ie s e l fu e l and a le s s e r  amount o f g a so li n e . N atu ra l and LP g ase s  a re  pe trol eu m  p ro d u c ts , b u t ou r de pe nd en ce  on im po rt s o f 
gas i s  m in or,  and th e  c o s t per Btu i s  c o n sid e ra b ly  le s s  th an  th a t o f li q u id  fu e ls .  C os t i s  p ro bab ly  th e  b e s t mea sure  o f th e  u t i l i t y  and  r e la t iv e  s c a r c i ty  o f p a r t ic u la r  en er gy  fo rm s,  and  th e  c o s t o f n a tu ra l gas i s  s e v e ra l tim es  le s s  th an  th e  c o s t o f li q u id  fu e ls  su ch  a s  g a so li n e  and d ie s e l  fu e l.

The eco nom ic argu men t in  fa vo r o f co n v ert in g  corn  to  e th an o l i s  even  more t e l l i n g  when im po rted  o i l  c o s ts  ra th e r  th an  av er ag e o i l  c o s ts  a re  co n si d e re d . Do vring  (4) has  re c e n tl y  shown th a t  from th e  eco nomic v ie w po in t,  "t h e  ex p o rt  p r ic e  o f a bus hel  o f corn  ou ght to  ex ce ed  1/ 10  o f th e  im po rt  p r ic e  o f a b a r re l 
o f cru de o i l " ,  o th e rw is e  i t  would be more econom ic to  pr od uc e e th ano l from th e  g ra in , ex p o rt  th e  d i s t i l l e r ' s  g ra in  and  re p la c e  th e  im po rted  o i l  w ith e th a n o l.  Thus w ith cru de o i l  on  th e  sp o t m ar ke t a t  $3 5.  a b a r r e l ,  th e  e q u iv a le n t corn  p r ic e  sh ou ld  be  $3 .5 0 per b u sh e l,  acc ord in g  to  Dr. Dov rin g.

The ERAB Gasohol re p o r t concl udes  t h a t  g ra in  e th an o l from  o i l  o r g as-  fu e le d  d i s t i l l e r i e s  pr od uc es  no new n e t en er gy . We b e li e v e  f i r s t  th a t  w ith d i s t i l l a t i o n  and  fe rm en ta ti o n  te chno lo gy , t h e i r  con clu si o n  i s  in a c c u ra te , and more  im port an tl y  th a t  th e  li q u id  form  of e th an o l re p la c in g  c r i t i c a l  and exp en­
s iv e  im po rte d o i l  j u s t i f i e s  hi gh  in p u ts  o f o th e r en er gy  fo rm s.  Other  fa c to rs  in c lu de  th e  advan ta ges  o f more  U.S . jo b s  w ith  U.S . e th ano l p ro d u c ti o n , th e  con ti nu in g  impro vem ents in  co rn  and e th a n o l p ro d u c ti o n  e f f ic ie n c y  w ith b io m ass -f uel ed  and  s o la r  d ry in g  and b e t te r  us e o f ma nure to  re p la c e  some f e r ­t i l i z e r s ,  and th e  fu tu re  p o s s i b i l i t i e s  o f c o n v ert in g  e th ano l p la n ts  to
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c e l lu lo s ic  raw m a te r ia ls  fo r fe edst ock  and  h e a t so u rc es .

The re  i s  a g re a t d e a l of m is in fo rm at io n  about th e  env iron m en ta l im pa ct  o f 
u t i l i z in g  biom ass fo r ener gy. We c e r ta in ly  do  ha ve  env iron m en ta l prob lems 
to da y in  a g r ic u lt u re  -  th e re  a re  some t h i r t y  m il li o n  a c re s  o f f r a g i l e  la nds 
be in g cr op pe d to da y which  sh ould  pro bably  be  re tu rn e d  to  g ra s s la n d s  o r some 
o th e r le s s  in te n s iv e  u se . However, g iv en  th e  p ro per i n s t i t u t i o n a l  and 
eco nom ic in c e n ti v e s  we can g r e a t ly  imp rov e th ose  s p e c i f i c  case s  wh ere  in te n ­
s iv e  cr op pin g i s  ca usi ng  s u b s ta n ti a l lo s se s  o f to p s o il  o r n u t r i e n t s .  In  add i­
t io n ,  on ce  c e l lu lo s e  co nver si on  te ch nolo gy go es  to  co mmercial s c a le  we can 
u t i l i z e  m a te r ia ls  l ik e  hay to  make sca rc e  li q u id  fu e ls .  G ra ss  i s  on e o f ou r 
b e s t c ro ps  fo r re b u il d in g  s o i l  s t r u c tu r e  and  p re v en ti n g  e ro s io n  on  la nd  th a t  
wou ld s u f f e r  d e g ra d a ti o n  un de r in te n s iv e  row cro p  c u l t iv a t io n .  The a b i l i t y  to  
ns«a t h i s  c ro p  fo r en er gy  p ro ducti on  means th a t  we ca n c re a te  a m ar ke t fo r hay 
c ro ps th a t  w il l a ll ow  t h i s  la nd  to  y ie ld  an  eco nom ic re tu rn  when o th e rw is e  a 
fa rm er  mig ht  ha ve  be en  tempted  to  l e t  i t  er od e fo r  s h o r t te rm  ga in  in  th e  c u l­
t iv a t io n  o f row cro ps  l ik e  c o rn .
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Mr . F ithian . D r. Lad isch?

STATEMENT OF DR. MICHAEL R. LADISCH, ASSISTANT PROFESSOR 
OF AGRICULTURAL ENGINEERING,  PURDUE UNIVERSITY

Dr . Ladisch . Congres sman Fi thi an , I am Michae l Lad isch , also 
from  Purdu e Unive rsity, and  I ’d ju st  like to very brie fly summarize  
the  points th at  I hav e made in the  statem en t which  has  been sub­
mitt ed  for the  reco rd. This sta temen t is ju st  a summ ary  of research  
and dev elopment results which hav e beg un to gel wi thin the  las t 4 
to 6 months, and  we are real ly exci ted ab ou t it. Ju st  real  briefly , I ’d 
like to point  ou t th at  I ’ll be using the words “hemicellulose”  and  
“cellulose” throu ghou t thi s sta temen t; and the  terms  “hemicellulose” 
and  “ce llulose” refe r to polymers of sug ar which are bro ken  down.

Hemicellu lose is a polymer  of five car bon sugars,  and  you  can 
th ink of it  as a ch ain.  W hen  this is broken down,  it  gives a  sugar  which 
un til  recent ly has  no t been easily  fermente d into ethano l. Cellulose, 
on the  othe r han d, is a polyme r of six car bon glucose sugars ; and  the  
problem  wi th this polyme r has been  th at  i t is difficult to bre ak  down,  
bu t once it  g ets to sugar, it ’s pre tty easy  to ferment.

Basically , the re are thr ee  ma jor  developments th at  hav e occu rred  
recent ly. One is the  disc overy of ferm entat ion  conditions  which allow 
the  direct  conv ersio n of xylose to ethano l using ord ina ry yeast . The 
second is the  d eve lopment of an energy-efficient  me tho d for removin g 
wa ter  from  alcohol  using parti al disti llation combined with adsor p­
tion using  cornmea l as an ads orb ent . The th ird  is the  development  of 
rea ction  conditio ns which allow hyd roly sis  of bo th hemicellulose 
and cellulose fiber com ponents of biom ass at  the  relatively mild  
conditions  of 100° C and  atmosp her ic pres sure .

And I would  l ike to po int  o ut  t hat  although thes e results ma y seem 
obvio us in hin dsight , they  caught us by  surp rise . One of the  im­
plic atio ns is th at  exis ting  corn  gra in plan ts which are using acid 
hyd roly sis processes may, with some fu rth er  reasea rch  and  develop ­
me nt,  be ret rofit ted  to convert  fiber, c orn residue, for big city tra sh  or 
these types of ma teri als , using the  so rt of process conditio ns th at  we 
are deve loping now. I should cau tion , th er e’s stil l a lot  of research  
and  dev elopment  down the  ro ad before thi s becomes a rea lity.

The use of ye as t to fer me nt xylose was discovered by  Drs . C. S. 
Gong , L. F. Chen, M. C. Flickinger,  and  G. T. Tsao; and thi s makes 
it  possible to con vert sugars derived from  the  hem icellulose  con sti tue nt  
of biom ass to ethano l. The reason thi s is sign ific ant  is th a t hemicel ­
lulose  is v ery  r ead ily  conver ted  to these fer menta ble  sug ars ; and  once 
you  have a way of fermenting these  to  ethano l, you  then  hav e the  
possibility of no t only  con ver ting  m ost  of the biom ass to ethano l, bu t 
also of con ver ting the  fiber com ponent  in corn  grain  to ethano l. The  
fiber  c ompon ent  of corn gra in is p rim ari ly hemicellulose, and  so i t has  
been est imate d, based on some of the preliminary results of people  I 
have ju st  mentioned,  th at the  yield  of eth anol from  gra in can  be in­
creased from  10 to 20 percen t if the  fiber com pon ent  of the  gra in is 
hyd rolyze d to fermentable  sugars and  then  ferm ented to ethano l.

Bas ical ly the  bo tto m line is th at  it means  you  could ge t anywhe re 
from  2.8 to perhap s as high as 3 gallons of e tha nol per bushel of co rn,
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whereas  presently  t he max imum theore tical yield  is abou t 2.5 ga llons . 
Tha t means  y ou can  perhaps look at  increasing ethano l yields, using 
thi s manne r.

An oth er im po rta nt  area is the  remova l of wa ter  fro m ethano l in an 
energy-efficient  manne r. Prior dis till ation  processes, which consume 
abou t 25 to 50 percen t of the  energy of a typ ica l fer me nta tio n faci l­
ity , invo lve bas ical ly two steps:  fra ctionation  of the  ferm ente d dilu te 
alcohol  solu tion  to the  azeo trope, and  the n red ist illa tion with an 
ex tra ctan t or an azeotroping age nt. Rathe r th an  go into det ails , I will 
ju st  give you  the  res ult ; th at  is, th at  a dis pro portionate  am ount of 
energy is consumed going  f rom the  more  dilute  alcohol—t hat  is a 92- 
per cent alcohol—from the  azeotrope .

So wh at  we hav e done  is to su bs titut e,  at  the  final pa rt  of the  
dis til lat ion  step, which is very energy-int ens ive , a simple ads orp tion 
ste p; th at  is, we tak e the  vapors  off our  first  dis till ation  column, 
which is pre tty energy efficient, and then  tak e these vap ors  and  pass 
the m over gro und-u p cornmeal or ma ter ial s such  as corn sto ver or 
cellulos ic ma ter ial s. Due  to the ir pro per ties , these ma ter ial s suck 
up the  wa ter , so to speak, and  allow anh ydrou s alcohol to pass.  We 
est imate , based on lab orato ry da ta , th at  the  com binatio n of dis ­
til lat ion  wi th ads orp tion in the  ma nner ju st  desc ribed redu ces the  
overall energy for dist illing alcohol to a pur e pro duct to abou t 10 
to 15 per cent of the  energy of the  final pro duct,  which we believe is 
pr et ty  low and  will help  the  energy balanc e in the  overall plan.

Fin ally , rese arch on hemicellulose and  cellulose hydroly sis  to 
sugars  * * * bo th the  lab orato ry  and  researc h pilo t plan t scale ind i­
cate high  conv ersions of bo th thes e com pon ents to sugars as possib le 
at  abou t 100° C, 212° F, using rel ative ly smal l quan tit ies  of acid. 
Tha t m eans we can now use a ca tal ys t which is com mercial ly a vail able, 
sulfuric  acid, at  conditio ns th at  are ra th er  m ild;  and we hope to carry  
thi s up through  the  scale -up phases. Th is is a very im po rta nt  step, 
because now we feel th at  rea cto rs can  be made wi tho ut havin g to 
resort  to very expensive metals, and  so fo rt h ; and thi s has  im pact 
bo th on biomass conversion as well as gra in conve rsion.

I would like to sum up thi s sta temen t by  say ing  the  rese arch de­
scrib ed in thi s r ep or t gives examples of re cent dev elopments in  e thanol  
tech nolo gy and  how this tech nolo gy is no t fixed. I t ’s rea lly  changin g 
very rap idly. Fo r example, I th ink someone asked me 6 mon ths  ago, 
“D o you  think  gra in plan ts could be re tro fit ted to convert  b iom ass? ” 
I told  this person, who was an Indian a bus ines sma n, th at  absolu tely  
no t; I didn ’t believe thi s could  be done and therefo re you  should be 
careful no t to mix the  two together.

Bu t as I sit  here  tod ay, due to the  research res ult s which hav e ju st  
come ab ou t in the  l as t 4 m onths,  I am now tak ing a diff eren t opinion. 
This j us t g ives you  a n idea  of how quickly thi s ene rgy  field is moving . 
Therefo re, I person ally  feel th at  va ryi ng  per cep tion s of alcohol tec h­
nology in the  fu tur e ma y result  due to the  r ap idl y cha nging ch ara cte r 
of the  alcohol research .

I would like to mak e an acknow ledg men t. These result s and oth er 
researc h in rel ated areas at  Pu rdue  Un ive rsi ty are support ed  by  
var ious sources. These include the  State of India na , which has  been  
very gene rous  in allowing us the  fun ds to build a pilot pl an t fac ility
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which  we be lieve is to  be one of a kind in the  cou nt ry ; t he  U .S. Dep ar t­
men t of Energy, includin g SER I;  the  U.S. Dep ar tm en t of Agricul­
tu re ; the  N ational Science Fo un da tio n;  a nd var iou s i ndust ria l sources . 

I th an k you  very much, Congressman Fi thi an .
Mr . F ithian . Th an k you.
[Dr. Ladis ch’s prepar ed statem en t follows:]

*

<
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Intro du ct ion

This statement is  a summary o f developments which have begun to gel 

w ith in  the la s t four  to si x months as pa rt o f the on-go ing research program 

in biomass conversion at  Purdue Unive rs ity . These developments have the 

po tent ia l o f adding to the co nt inua lly  changing perspect ive o ' producing 

ethanol from biomass and gra ins .

The terms hemicel lu lo se  and ce llu lose  w il l be used fre qu en tly  through­

out th is  statement. Hemicellu lose and ce llu lose  are both polymers o f sugars.

A polymer can be though t o f as a chain , and in  th is  case, each li n k  in  the 

chain is  a sugar molecule. Hyd rolysis o f a polymer is  analogous to separating 

lin ks  in the chain in to  individu al  un its . The sugars which re sult are con­

verted in to  alcohol by micro-organisms by a process re ferre d to as fermenta­
tion .

Hemicellu lose is  a polymer of fi ve  carbon sugars ( pentose s) . When th is  

chain of pentoses 1s broken down in to  individu al  un its  the primary sugar 

obtained 1s xylose. While th is  hydrolys is is  re la ti v e ly  "easy, " in  the past 

the xylose  sugar which res ulted has not been re adily  fermented in to  eth anol.
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Hence, he mlcel lu lose , which makes up 25X to  o f th e we ight o f biomass 

m at er ia ls  such as corn sto ver,  wheat st raw, saw dust, and the orga nic po rt io n 

o f bi g c it y  tr ash , could  not be e ffe c t iv e ly  u t il iz e d .

C ellu lo se, In  comparison, 1s a chain  o f glucose (grape  sugar ) units .

Th is polymer makes up 30% to  50X o f biomass m ate ri a ls . Cel lu lo se has been 

much more d i f f ic u l t  to  hy drolyze than he mlcel lu lose  1n the pa st . The glucose 

which re su lted  from hy dr olys is  can be re ad il y  ferm ented to  eth anol by time  

honored metho ds ., However, the y ie ld  ob tained  was somewhat low due to the 

d i f f ic u lty  1n co nv er tin g ce llu lo se to  glu cose.

Keeping th is  background 1n mind, re ce nt  developments ar e discussed 

below .

Summary

Research on convers ion  o f biomass to  li q u id  fu e ls  and chemicals has 

very re ce ntly re su lted 1n new developments which have th e po te n tia l o f Im­

prov ing  the e ff ic ie n c y  o f produc ing alc oh ol from biomass. This research  

al so has some be ar ing on Imp roving the convers ion  o f gra in  to  al cohol.

The developments re fe rr ed  to  are : 1)  the  discov ery o f fe rm en ta tio n condi­

tions which al lo w th e d ir e c t convers ion  o f xy los e to  eth anol using  or dina ry  

yeast;  2)  the development o f an en erg y -e ff ic ie n t method fo r removing wa ter 

from alc ohol using p a rt ia l d is t i l la t io n  combined w ith ad so rptio n using co rn­

meal as the adso rben t; and 3)  development o f re action co nd ition s which al lo w 

hy dr olys is  o f both the he mlcel lu lose  and ce llu lo se  f ib e r  components o f biomass 

at the re la t iv e ly  m id  co nd ition s o f 100°C and atm ospheric pres su re.

The use o f yeast to ferme nt xy los e to etha no l was dis covered by Drs .

C. S. Gong, L. F. Cu ba , M. C. Fl1ck1 ng er, and G. T. Tsa o. This makes 1t 

po ss ib le to co nv ert sugars de riv ed  from the he mlcel lu lose  consti tu ent o f
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biomass to ethano l. Hemicell ul os e is  re ad ily  hydrolyzed to fermentable fi ve - 

carbon sugars. The problem in the past has been to find and develop special 

micro-organisms to convert these sugars to  ethanol.

Many years ago on ly the glucose (obtained from hydroly sis  o f the ce llu - 

lose component) could be fermented to  ethanol.  Hence, the y ie ld  o f ethanol 

from biomass was less than 50% of  what could  be th eore ti ca lly  be obtained 

i f  the fermentable sugars from both hemicellu lose and ce llu lose  po rtions o f 

biomass are considered. With the development o f spe cia l micro-organisms, 

the ethanol y ie ld  is  higher  since fermentable sugars from hem icellulose  could 

be u ti li ze d . However, use of  these micro-organisms req uires an ex tra  measure 

of  so ph is tic at ion which includes the maintenance of cu lture s,  and generation 

of su ff ic ie n t quanti ti te s of  these cu ltu res to be gene rally  av ai lable fo r 

large -sc ale  use.

The discovery that  ferm entation cond itio ns can be changed using cotnner- 

c ia ll y  av ai lable bi ol ogi ca l factors tog ether wi th  ord ina ry yeast to produce 

ethanol from hem icellulose  derived sugars has changed th is . Yeast is  wid ely  

av ai lable and re la ti ve ly  inexpensive. The fa ct that  large qu an tit ie s of  

yeast  cake can be added to  a fermentor to qu ickly s ta r t- o ff  the ferm entation 

means th a t,  wi th  fu rther research and development, hem icellulose sugars can 

be produced in to  alcohol in  both large and small scale alcohol produc tion 

fa c il it ie s .

This method also has sign ifica nc e to the conversion of  corn to alcoho l. 

The fi be r component o f corn (g ra in ) is  prim ari ly  hemice llulose. I t  has been 

estimated that  the y ie ld  o f ethanol  from grain can be increased from 10% to 

20% i f  the fi be r component o f the gra in is  hydro lyzed to  fermentable sugars 

at  mi ld cond itio ns wi th  acid and then fermented to  alco ho l. This could
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increase the y ie ld  o f ethanol from a bushel o f corn to  as high as 2.8 to 

3 ga llons . The curre nt maximum th eo re tic al  y ie ld  based only on the starch 

component o f corn is  2.5 ga llons .

The removal o f water from ethanol jn  an energy e ff ic ie n t manner is  an 

importan t step fo r production of anhydrous eth anol.  Prio r d is ti ll a ti o n  

processes, which consume about 25% to 50% of the energy o f a typi ca l fermen­

ta tio n fa c il it y ,  inv olv e two steps: fractionation of the fermented d ilu te  

alcohol so lu tio n to  the azeotrope (95.6% ethanol by weight ) and re d is ti ll a ti o n  

wi th an ex tra ctan t or an azeotroplng agent.  I t  has been shown that  a disp ro ­

portionate amount o f energy is  consumed going from 92% ethanol  to the azeo­

trope in  the f i r s t  d is t il la t io n  step . Research is  underway on the use of  

cornmeal to  se le ct ive ly  absorb water from eth anol/wa ter  vapors to produce 

anhydrous ethanol from 92% (o r lower ) alco ho l. This approach avoids the 

second d is ti ll a ti o n  step altog ethe r and reduces the ov eral l energy fo r alcohol 

recovery to 10% to 15% o f the energy contained 1n the pure ethano l.

Research on hem icellulose  and ce llu lose  hydroly sis  to sugars on both 

the lab ora tory and research p il o t plan t scale ind ica tes high conversions of 

both these components to sugars 1s possible  at  100°C (212°F) using re la ti ve ly  

small quanti ti te s of su lf u ri c  ac id.  The temperature o f hydroly sis  1s com­

parable to  that  used fo r sta rch hydroly sis  currently  ca rri ed  out fo r gra in 

convers ion to alcoho l. This re la ti ve ly  low temperature o f hydroly sis  is  

s ig n if ic an t since  fu rther hydroly sis  research and development may y ie ld  

resu lts  which would make 1t possib le to re t ro f it  some types o f corn (g ra in) 

acid  hydroly sis  rea cto rs to convert ce llu lo s ic  residues to sugars as w e ll.  • 

Fermentation and d is ti ll a ti o n  process cond itio ns fo r sugars der ived  from 

either gra in or biomass are also comparable when oth er recent developments 

mentioned in  th is  statement are considered.



The research described 1n th is  report  gives examples of  recent develop­

ments 1n ethanol technology and how th is  technology 1s not fix ed . Varying 

perceptions of  alcohol technology in the future may re su lt  due to the rapidly 

changing character of alcohol research.

These resu lts  and oth er research 1n related areas at  Purdue Un ive rsity  

is supported by various sources. These include the Sta te of  Ind ian a, the 

U. S. Department of  Energy (in clud ing SERI), the U. S. Department of  Agri­

cul tu re , the National Science Foundation, and various indu st ria l sources.
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Mr. F ithian . I wa nt  to ju st  clar ify three  or four points  here  and 
let  you perhap s all elaborate  on some of y ou r sta tem ents.

I un derst and from your sta tem en t, Mr . Childress, th at  in the  re­
maind er of your prepared tex t you are satis fied  th at  the  food-versus- 
fuel question, which is const antly  ban died abou t in the  media  and 
the  public and  even  among some of the scient ists  who are argu ing 
about this , is pr et ty  well pu t to res t. Is th at the  burde n of you r 
tes timony ?

Mr. Childre ss. Tha t is bas ical ly it. I would like to stre ss two 
poin ts. The first  is th at ther e is no t an imminen t prob lem, no m at te r 
how anyo ne defines it. Ea rly  d raf ts of the  Office of Tec hnology  Assess­
me nt rep ort th at  I cited had ind ica ted  th at  pro duction of as lit tle  as 
1 billion gallons of etha nol  would cause  some infla tion.  Well, they  ♦
are now saying 2 billion gallons,  and  as our  knowledge evolves, the  
poi nt at  which  some inflation ma y occu r keeps rising.

The oth er po int  is th at  the re are con trol ling  facto rs, includin g Fe d­
eral policy, mark et forces, and w ha t the  financ ial com mu nity is willing * 
to invest ; th at  will keep  this from  beco ming a prob lem.

Mr. F ith ian . Le t me ju st  do a followup que stio n on th at . As I 
understand your comment, professor, the  bre akthroughs th at  you 
hav e made would increase  the  yield  from  a bushel of corn.

Dr . Ladisch . Yes, sir.
Mr . F ith ian . I th ink everywhere throug ho ut  DO E and  the  USD A 

and  so on, 2.5 gallons per  bushel has  been the  sta ndard  used.  You 
are now sugg estin g th at  with  thi s add itio nal breakth rou gh in tech­
nology, th at  would be------

Dr . Ladisch. 2.8 gallons.
Mr.  F ithian [cont inuing]. 2.8.
Dr . Ladisch. Or maybe  as high  as 3 gallons per  bushel.
Mr . F ithian . So, roughin g it off, 2 .8 to 3.
All of your  calcula tion s the n, Mr. Chi ldress, were geared to a 2.5- 

gallon base . Is  th at  correct?
Mr. Childre ss. Cor rec t. Th ey  did, in thi s pa rti cu lar stu dy , base  

it  on 2.5.
Mr. F ith ian . I would ju st  like to emphasize wh at  has  ju st  been  

said, and  th at  is th at the  speed of dev elopment  in thi s field makes  it  
always a bi t treacherous to st ar t makin g project ions. I th ink th at  
we were talkin g abou t th at  with the DO E people earlier, th at  even  
the  most acc ura te pro jec tion  of Ju ly  1979 becomes hope lessly  ou t­
da ted  by Ju ly  1980; and thi s kin d of evidence would  ind ica te th at . *

Mr . Childre ss. If I could expand  upo n th at  point , some say  th at  
thi s cellulosic rese arch is simp ly an academic exercise and  will no t go 
beyond th e laborato ry  stage. As a m at te r of f act , w ith in the  pas t week,
I hav e t alk ed to r epres entat ive s of a ra th er  large firm which is engaged  #  
in j us t t he  sam e research, and  the ir i nit ial  figures coincide very closely 
wi th the  P urdue f igures. So th is is not  somethin g th at  is pie  in  the  sky.
Peop le in the  pr iva te sector  are pu tti ng  mon ey on the  line  in thi s 
area wi th the  exp ectatio n of a payo ut.

Mr.  F ithian . I would  like to also asc ert ain —you did refe r to the 
Sc hn ittke r rep ort . I would like, wi thou t object ion , to hav e th at made 
a pa rt  of the  record as ma ter ial  acc umula ted  by the  subcom mit tee .
If you  could s ubmi t a copy of t hat  repor t, th at would  be very help ful.
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Let me turn  now to Dr. Peart. The energy balance question has 
really plagued us, and I can be a witness on this. I have rarely had two 
town meetings in a row in this p art of the Corn Belt in which we don’t 
get the  question whether or not it  takes  more energy to make a gallon 
of alcohol than you get from the gallon of alcohol. I have had some 
scientists in the field, chemists persumably, retired chemists from 
Purdue  in at least one case, insist tha t I was wrong and insist tha t it 
was a negative energy balance.

As I understood your testimony, you said two things. One was, 
even if it is a negative balance, you are getting liquid fuel, and that ’s 
what we are really short of; so, it ’s an academic—no, I shouldn’t 
say tha t; i t’s an academic question—but if I understood what  you said

♦ correctly, Dr. Peart, what you were saying is tha t even if you attr ibute 
or assign all the costs of the energy of raising the corn to the alcohol 
and assign none of it—let’s say you take the wet-down process to the 
60-percent protein and 22-percent protein and the germ oil, which of

* course are the most valuable part s of the kernel in the first place—that 
you would still come out with a positive energy balance. Is t ha t what 
you are saying?

Dr. Peart. Y es; tha t would of course depend upon the energy 
going into  the fermentation and distillation process. Dr. Ladisch is 
more of an expert on that , but the figures th at I have heard would pu t 
it still as a ne t energy producer.

Mr. F ithian. So if it is in fact a net energy producer, without giving 
any economic or energy credits to the byproducts, then isn’t it rea­
sonable among anyone, in any group of people who are really trying 
to fashion policy, in this case, or farmers who are deciding whether 
to invest, or co-ops or industry deciding to invest, the company ac­
countant would not compute in the fashion tha t you have? They would 
assign some of tha t cost of energy and some of the cost of dollars io 
the byproduct, which has a value in and of itself. Isn’t tha t the more 
reasonable approach?

Dr. Peart. Yes.
Mr. Deckard. Will the chairman yield?
Mr. Fithian. I ’d be happy to.
Mr. Deckard. May I ask the same type of question, but in a dif­

ferent way? Are you aware of any available current technology, with 
perhaps the exception of solar, tha t produces as much energy as it 
consumes, tha t is to say, assuming a 100-percent efficiency?

• Dr. Peart. No, no. Your point is well made. Solar, of course, is free; 
but, th at ’s right, every form of energy takes some energy to convert 
it into the form tha t we would like to use.

Mr. Deckard. If the chairman would yield just a moment more.
* Mr. F ithian. Yes.

Mr. Deckard. In reading over your testimony last night, I was 
struck on the first page by the long paragraph which seems to me to 
indicate tha t you have bent over backward in trying to be fair about 
this mat ter of ethanol and alcohol-based fuels, taking into considera­
tion the amount and type of energy input  for each field operation, for 
transport from field to farmstead, for utility transport to and from 
fields, crop drying fuel, and the energy inputs into the manufacture and 
the transportation of all fertilizers, herbicides, and insecticides. In 
other words, you are taking into consideration all sorts of ancillary
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energy costs—and by costs , I mean ene rgy  un its—that  are no t tak en 
into con sidera tion  in any othe r type  of ene rgy source. Fo r example, 
when  we cons ider  the  am ount of ene rgy  produced from a ton  of coal, 
for  exam ple, we don’t su bt ract  from  th at am ount the  cos t of tran s­
portin g, the ene rgy  cost of tra ns po rti ng  th at  coal to the po int of 
con sum ption; we don’t tak e into con sidera tion  the  ene rgy  cost  in 
pro duc ing  the machinery th a t’s needed to dig th at  coal and  the  cost of 
tra ns po rti ng  th e raw  m ate ria l to bui ld the  m ach inery and so on and  so 
for th.

So y ou hav e be nt  over  bac kward  in your  calc ula tion s as to the ne t 
ene rgy pro duction  in ethano l. I th ink ac tua lly  it ’s unfai r to thi s 
prod uc t to tak e those into con sidera tion  when they  a re no t tak en  i nto  
con sidera tion  in oth er energy form s, and rep resent s one of the  reasons *
th at  this  a rgu me nt th at  the gasohol is n ot  energ y efficient is fa llac ious .

Dr . P ear t. Yes, I ’d agree w ith  you .
We did  thi s stu dy , of course , rea lly  no t thi nking  ab ou t the  gasohol 

issue  at  the time. We were ju st  look ing at  energy inpu ts into crop *
agriculture  and  how those could be imp roved.  I should add  th at these 
are for cu rre nt  good tech nology ; and the  same  is tru e in agriculture  as 
is tru e in alcohol produc tion, th at thes e are being imp roved all the  
time. As ene rgy costs  increase , we are  finding ways to cu t down 
on those energy inputs .

Mr . D ecka rd. I th ink  we have  pro bably  be at  to death  the  m at te r 
of thi s rep or t, bu t ju st  to ask one more quest ion  ab ou t it:  Were you  
in y ou r capaciti es, each  of you , aware of th at r epor t a t t hat  tim e and , if 
so, wh at  was you r opinion at  th e time and you r opinion now?

Mr. Chil dress . I was aware of the report .
Mr . D eckard . H ow did  you know and when did yo u know it?
Mr. Chil dress . The Alcohol  Fue ls Commission was no t real ly 

directly  involve d in com mentin g on the repo rt itself . Pr ior  to its 
release, obvious ly, the re are always staff conversati ons  bac k and  
for th,  but we were  no t directly  involved. Qui te frankly,  aft er  I had 
rea d the  repor t, I was so unimpress ed wi th it  t hat  I  h ad  assu med th at  
those ou t in the  technical comm unity  would dismiss it—which  is, in 
fac t, I th ink , p re tty well how i t is cons idered o ut  the re.

On the  othe r han d, the re is the  po int th at  was raised ear lier : the  
neg ative effect the  ER AB  repo rt could hav e on the  finan cial com­
mu nit y. The Na tional Alcohol Fue ls Commiss ion held  hea ring s in 
mid-J une, including a full aftern oon of hearings from po ten tia l fi­
nanciers. Univers ally , the y are  very, ve ry con servat ive  to the  point  •
of being nega tive on  alcohol fuels  because th ey  consider  it  an unp roven,  
risky  tech nolo gy. If for no othe r reason  than  th at , the  ER AB  
rep or t------

Mr . D eckard. Or perhap s because  of the  bias  tow ard  the  various  «
high technologies.

Mr . Childre ss. T hat  is correct because  m any believe th at the  h igh 
technologies can produce more at  a lo wer price . Tha t is debatab le.  T he 
closer one gets to t he  pr oduct ion  of s yn the tic  fuels, the  hig her  th e costs 
seem to get.  M an y ask: Why deal  with ethano l and  me tha nol from 
biomass i f you hav e all of these cheap coal-based  synfuels coming down 
the  road ? The answ er is: We don’t know  wh at the y are going  to cost;  
few ind epe ndent analyses  hav e been  done , the  closer to commercial i­
zati on the  high er t he costs.
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The o ther point is that we need all the liquid fuels we can get, and there ’s a place for ethanol and methanol from biomass as well as 
methanol from coal. That’s the key point  th at is missing in the ERAB report and in the related debate over all synthetic fuels.

Mr. Deckard. Earlier in our discussions, we talked about the 
makeup of these various advisory groups and why there is no apparent effort to reach out around the country to find the expertise tha t’s 
available, rather than  continuing to rely on these same old Washington 
circuit advisers that seem to appear and reappear periodically, and 
with whom, in many cases, there is a t least the suspicion of conflicts of interest.

May I ask the two doctors whether the Department of Energy,* for example, has ever been in touch with you for service on any type 
of official advisory group that might be meeting in Washington, D.C., 
for the formulation of official Depar tment and administration policy?

Dr. Peart. I have not been. I have been on various U.S. Depart-* ment of Agriculture committees, but  not direct, and some of those 
have been in dealing with Depar tment  of Energy passthrough funds 
from the Depar tment  of Energy to the USDA, but not DOE direct.

Dr. Ladisch. Congressman Deckard, I can’t detail all the things I 
have done, bu t for the DOE I have reviewed several proposals dealing with energy, which have been sent to my office. I have also a t the last, 
well, not a t the last minute , bu t I was called in on this DOE report, the one entitled “Fuel From Farms,” to serve as a reviewer, which I 
remember quite well. I  did that,  and I have served on USDA review committees as well.

Mr. Deckard. So essentially you have reviewed documents for the 
DOE without taking par t in the formulation of the various proposals contained in them.

Dr. Ladisch. No, I have not, but there might be a reason for that  in 
tha t I have only been in the alcohol field for about 4 years, whereas 
some of these other people on the committees have been in there 10 or 15 years or so.

Mr. Deckard. While I was looking through your testimony, it appeared imposing enough for me.
Dr. Ladisch. Thanks for the comment.
Mr. Deckard. Strict ly compared to the results of the study which we have been discussing here today.
Thank  you, Mr. Chairman.

M Mr. Fithian. One technical question. In the absorption process
tha t you have announced this morning, you said you could use ground 
corn or ground cornstalks or whatever. My question is, first of all, I 
want to know whether I heard you correctly and tha t is tha t you* could use it as material to force the diluted alcohol through for the 
adsorption process—you could use the raw material that ’s at hand 
at the site, whether it was a grain conversion process or a cellulosic conversion process. Is tha t correct?

Dr. Ladisch. Exactly.  This is based on laboratory results, and we are now basically scaling it up in our research scale facility; but assuming it works out, and I am p retty sure i t will, basically what happens is, you have, for instance, cornmeal or ground up corn stover and a few 
things like wood chips and you heat these up to about 80° Centigrade. 
Then you take vapors from your first stripping column, which is not
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a very energy-intensive step. You simply pass these vapors through 
the hot cornmeal or the  hot corn stover, and the water is retained in 
this material. What exits at the top of this column is anhydrous 
alcohol.

So that avoids altogether, first of all, building several o ther distil­
lation columns and saves a lot  of energy, and it does-----

Mr. F ithian. Did you have a figure? Did you quote a figure in your 
testimony of the  amount tha t you expected to save?

Dr. Ladisch. Yes, based on our laboratory results—and this is 
assuming high efficiencies—we feel we can probably make 1 gallon of 
anhydrous alcohol, that  is, for the distillation or recovery part,  for 
about  12,000 B tu’s, starting from a 12-percent solution or 12-percent 
fermentation ethanol. *

Previous figures tha t have been cited have been as high as 50,000 
Btu’s per gallon; and there are, though, now commercial stills which 
claim energy balances between 16,000 and 20,000 Btu ’s per gallon.

Mr. F ithian. Let me ask another question, perhaps of you and *
Dr. Peart or both, if you would like to comment on it.

There is a great deal of concern in the industrial  community and 
in the academic community, I guess, as well, and certainly in the 
policymaking end of it as to whether or not, if you get this great in­
vestment  in one kind of alcohol production, grain alcohol production, 
whether or not there’s any convertibility, should we 4 years hence or 
5 years hence, and probably long before we pay for the plant, find 
tha t in a given year corn prices are high enough tha t i t’s not econom­
ically feasible, and tha t you would gear up or switch over to some 
kind of cornstalk, city garbage, whatever? I would like to ask what 
the existing technology response to tha t would be. Is it possible? Is 
there interchangeabil ity between the two? What kind of a problem 
do you get into?

Dr. Ladisch. Jus t to bring it in perspective, there are basically 
three steps: one is making sugar; two is fermentation; and three is 
distillation. Based on what we know now, the fermentation and the 
distillation steps are exactly the same for both biomass and corn.

Mr. F ithian. So the first two steps, no mat ter which way you are 
going, whatever the feedstock is, are the same.

Dr. Ladisch. Right;  but  this assumes that  this technology continues 
to bear out, the one tha t we are talking about using yeast to make 
hemicellulose into alcohol.

OK ; the first step now appears to be—and I am quite excited about 0that first thing—within striking distance of being interconvert­
ible, because we have now found a way of hydrolyzing the cellulose 
portion or the tough stuff into sugars at atmospheric conditions and 
about 212° Fahrenheit, which is very similar to the conditions used to tconvert starch to sugars which are subsequently fermented. On this 
basis, then, I feel with further  research we may see down the road 
tha t the plant could be retrofitted, so to speak, with some minor 
adjustments, to be used for either grain or residue materials.

Mr. F ithian. But i t wouldn’t be building a new plant.
Dr. L adisch. No, I  don’t think so.
Mr. Fithian. You see, the reason I ask the question, Dr. Ladisch, 

is that as I understood the ERAB report there was a clearly indicated 
suggestion tha t any further  initiatives to develop the grain-based
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eth anol be defe rred because a more economic app roa ch mi gh t be 
cellulose 5 yea rs from now or 6 yea rs from now or 7 years from  now. 
T hat’s a  policy  q ues tion  th at  weighs very heavily , no t only  in Wa sh­
ing ton , bu t it  weighs hea vily  a t companies ou t the re deciding  w hethe r 
or no t they  are going to get  i nto  this .

Dr.  Ladisch. Well, thi s cellulose hyd rolysis, although I can’t d eta il 
the  his tor y of the  tech nica l dev elopment  rig ht  now, caught me by  
surp rise ; and  I should say  th at  6 mon ths  ago I wou ld’ve had  doubts 
wheth er this would be done. I t has  only  be en rec ently  now th at  we are  
ge tting  enough  proof  on thi s pa rti cu lar chemistry th at a t least I am 
pers ona lly satisf ied th at , given  enough  time and effort , we m ay be able 
to ca rry  i t throug h.

Mr.  F ith ian . Dr.  Pe ar t, in y our p rep are d statem en t y ou mentio ned  
th at  you  disagreed wi th the  energy-efficiency studie s on ethanol used 
by  Dr.  Pim entel on tech nical grounds. Fo r a nontechn ica l person, 
could you  tell us wh at  the  disagreem ent  is? I guess tell me why you 
think  y our figures  are be tte r than  h is.

Dr . P eart. Yes. Well, a few of the m th at are listed here , they  use 
the  ene rgy  inpu t into ma nufac tur ing  the  farm machinery and the n 
assume th at  th at  set  of farm  ma chi ner y would only  be used  for 62 
acres  of com . That  seemed very low for us. I would th ink th at th at 
set of machinery would be used in Indian a here , at  least, for 400 or 
600 acres  of com.

Mr. F ith ian . So it might be wrong by  a ma gnitude  of 10, do you  
think?

Dr . P eart. Yes. We felt  th at  nu mb er was high . The elec trical 
ene rgy was overestim ated, we felt,  and  they  did detail in the arti cle 
how these figures  were arrived  at.  Th e elec trical energy,  for ins tance,  
was tak ing  the  to ta l ene rgy  used  in agr icu lture and  then  allocated 
all of th at  to the  grain  pro duction  ju st  according to the  pro portio n 
of acres; and I  am convinced  that  a lo t of t hat  elec trica l energy a ctu ally 
goes into da iry  pro duction and  othe r kin ds of pro duction besides 
gra in crops.  Fro m our research  here  on gra in dry ing  and com pro duc­
tion , we are conv inced  th at  they  hav e the  elec trica l ene rgy  ove r­
est imated by  a lot,  also.

Th en  the re was anoth er fac tor.  The yields th at they  used , they  
hap pen ed to do th at  work  based on the 1970 y ields; and , if you  will 
remember, th a t’s when we ha d the com leaf bligh t in  t he  M idw est  a nd 
th at  seriously affected the  yield . So, the ou tp ut  was less, far  less th an  
average . And so th at  mad e the ene rgy  inp uts  higher  on a per  un it 
ou tput  basis.

Tho se are some of t he  reasons.
I t  was a good arti cle from the  sta nd po in t th at it  was the  firs t 

article where people beg an to look at  the energy inp uts  into crop 
pro ductio n, and so it  did a service. I t  was, I believe, done  rel ative ly 
hurriedly and , using  1970 y ields , and  it  was done  some time ago. I t 
was p ubli shed in 1973.

Mr . F ithian . Well, we cer tainly  wa nt  to than k you . If  you tak e 
your  figures , if we were to do th at and  cra nk them throug h in the  
con tex t of the  ER AB  rep ort , would the ER AB  conclusion of gasohol 
as no t ene rgy  efficient still  follow if you  injected or used  your  figures 
in terms  of ene rgy  efficiency?

/
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Dr. P eart. N o. Th eir  tab le would  show, even on a Bt u,  for a Btu  
basis,  th at  it  would be energy efficient in the  ethano l figures , because 
I believe their figure for com  pro duction was 45,000 B tu ’s per  gallon, 
and  we are showing abou t 23,000 B tu ’s pe r gallon. Tha t would more 
th an  m ake  up the difference.

Mr . F ithian . Fin ally, I was str uc k by  wh at  I mus t say  was a 
ra th er  an ti- int ell ect ua l th ru st  of one par t of the DO E ER AB  rep ort . 
One of t he key findings, if I und ers too d it correctly—and  I real ly d idn’t 
wa nt  to believe th a t’s wh at they  were say ing—was th at  process 
research , and  it ’s the kinds of things th at you  are doing at  Lor re, 
and  oth ers , th at process research , rese arch on dis till ation  processes 
them selves and  the  new technologies, more efficient use of gra in 
feed stoc k and  the  like, will have lit tle  im pact,  will h ave  lit tle  im pact on 
the po tent ial  for  alcohol fuels. The two scientis ts here  thi s mornin g 
hav e pu t a grea t ma ny  yea rs into thi s stu dy  and  are known for the ir 
own exte nsiv e work  in the  area .

I would like to ge t a com ment from  you on th at . Am I unduly 
dis tur bed by th at  kin d of conclusion, or do you  feel th at  you  are 
essent ially  at  the  end of your rese arch and  there’s not  much down the 
way?

Dr . P eart. I could easily  disagre e w ith  t hat s ta temen t t hat r esearch 
and  dev elopm ent  would no t hav e any im pa ct  upo n it.  Ce rta inl y if it 
didn ’t, we shou ld qu it doing it. I don’t agree with th at .

Dr . Ladisch . Well, I th ink the  conte xt of th at  sta temen t was th at  
usin g older techno logy and using the very con servat ive  assumptio ns 
th a t had  been  discussed previously , for enginee ring  cal culatio ns 
as long  as you  stat e them,  are correct;  th at corn  composes , I th ink , 
73 perc en t of the cos t of a gallon of eth ano l.

How ever, wi th thes e imp rov ement s and  so for th,  it ’s much less. 
I believe Jo hn  gave me a  numb er l as t week where gasoline, I  th ink , was 
50 perc en t of the cos t o f a ga llon of ga soline from  p etro leum .

So basica lly, I guess  you could have a  policy  expert  look  a t th at and  
say , well, due  to the small  cost  d iffe rent ial,  it  is n’t worth  it  to do the  
research . How ever, since  I am in researc h, I feel very strongly  th at 
fu rth er  process rese arch is very dram ati ca lly  imp roving the  pic tur e. 
I th ink it ’s a very wor thwhile  th ing to pur sue , because it will bring 
down the cost  and  increase  the ene rgy  efficiency and  help  meet the  
goals th at Congress and the  Presi dent have set  for thi s coun try  with 
regard  to pro duction of alcohol fuels.

Mr . F ithian . We are abou t to close the hea ring, bu t we w ould wel­
come any final statem en t b y any  of  the  pane list s here.

Mr . C hildre ss. Fro m the  per spe ctive of th e work th at we h ave  done 
at  t he  Commiss ion and wh at we h ave  seen changing ju st  over the last 
few mo nths, it  is im po rta nt  to  remember th a t in dealing w ith  an infan t 
indu str y in which the unknowns far exceed the  know ns, one should n ot  
ring the  dea th-kne ll pre ma tur ely  as ma ny  are doing. As know ledge 
increases and as the  in du str y grows, we are go ing to see a g row th i n the  
po ten tia l contr ibu tio ns  th at  thi s fuel source can make. I th ink we are 
going  to be surpri sing folks within the  next  year or so, as far as the  
advances th at  are made in the  alcohol fuels ind ust ry.

Mr . F ithian . Well, than k you , and  let  me than k the  Ch airma n of 
the  National Alcohol Fue ls Comm ission, S enato r Bayh , fo r making you 
ava ilab le to the panel this morning .
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Dr . Ladisch, do you  hav e anyth ing  you would  like to say?
Dr . Ladisch . I feel, in closing, th at  I th ink  i t’s very  i mpo rta nt  th at  

process research  of the  typ e th at’s done at  Pu rdue  Un ive rsi ty,  along  
wi th agricultura l r esearch , is conti nued and  is increased, because I feel 
th at  t he re’s a  lo t of po ten tia l in b iomass and  thin gs like wood chips , of 
which a lot  are ava ilable, for inst ance, in the  St ate of India na . Ea ch  
ma ter ial  has a sl igh tly differen t c he mist ry ; so, th at means you  have  to 
work through the  enti re process for each diff eren t ma ter ial.  I th ink we 
hav e a big job  ahead of us; and if researc h and  dev elopment  work  
isn ’t done,  we won ’t be able  to keep pace with the  gro wth  of thi s 
ind ustry .

Mr. F ith ian . Th an k you.
♦ Dr . Peart ?

Dr . P eart. Thanks. I would  j us t like to agree with th at  a nd add  to 
it th at the  w ork along w ith  the  chemical enginee ring  wo rk on process­
ing, the  work  on looking at  oth er raw  ma ter ials as we have talked

* about, celluloses and  me thods of han dling the m,  they  are bulky , and  
me thods of reduc ing  th e cost  of hand ling some of th ese o the r m ate rial s 
in addit ion  to corn, I think , are going  to really pa y off in the  year s to 
come.

Mr. F ith ian . Congressman Dec kard ?
Mr. D eckard. Just  one shor t sta temen t, Mr . Ch airma n. This com­

mi tte e, the Energy, En vironme nt,  a nd Natural  Resources Subcom ­
mi ttee, is en tru ste d wi th ove rsight jur isd ict ion  of the  Dep ar tm en t of 
En erg y and  all  the  various  agencies within the  D ep ar tm en t of Energ y. 
The one thing  I would like to reassure the peop le who are in this 
meetin g today  is th at we will do e veryt hin g th at we c an in the  m onths  
to come to see th at  those  people within the  D ep ar tm en t of En erg y who 
are  tru ly  i nte res ted  in pro moting gasoho l are  no t hamp ere d by  oth ers  
within the  Dep ar tm en t of Ener gy who would like to inh ibi t its  develop ­
me nt  in favor of oth er sources of energy, pa rti cu larly  those sources 
th a t are so pre va len t tod ay,  prima rily  oil. We need  to develop , if we 
are to become energy ind epe ndent , alt erna tiv e sources of energy. 
There  are a numb er of good people within the  bu rea ucrac y who are 
try ing to help in th at effor t; and , as I ind ica ted , the re are oth ers  who 
are try ing  to hin der  it.

We inten d to con tinu e our overs igh t of these var iou s agenc ies to 
see th at alt erna tiv e sources of energy, such as alcohol-based fuels, are 
given a fai r shot a t com pet ing  w ith  all of the  oth ers  and all the  oth er 

t  sources. T hat’s our mission,  and we in ten d to try to ca rry  i t ou t to the  
be st  of  o ur abi lity .

Mr.  F ith ian . Tha nk  you , Mr.  Deckard , and for coming to the  
hearing tod ay.

9 Dr.  Pe ar t, I ha d ju st  one more  com ment. Th e repo rt th a t you
refe rred  to briefly , by  one of you r colleagues in Illinois, if you  could  
make th a t ava ilab le to the  c ommit tee  for a p a rt  of  the  record, I th ink 
it  would be very im po rta nt . It  is in conju nction with th at  th at I 
would like to say,  in c losing  th is hea ring toda y— Con gressman Mo ffe tt 
is st ill tied  up on the  phone aro und the  corne r, and  we mus t b ring i t to 
a close— I would  like for  the  people who perha ps have no t viewed a 
congressional hea ring before to be aware of the  can dor of o ur Dep ar t­
men t witnesses thi s morning . It  is abs olu tely refreshing for  those of 
us who hav e sa t on the  rece iving end cf tes tim on y for many, ma ny
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hours, from many, many departments. I would like to th ink, though, 
maybe it was because we came out to Indiana  and the fresh air sort of 
cleared their minds. I don’t want to be tha t provincial. I think  perhaps 
it is because there is a new breed coming into being at the Department 
tha t are unwilling to accept older interpreta tions and older data 
and are enthusiastic enough and open enough to consider new ideas.

I think tha t Mr. Greenglass and Mr. Holmberg—I can’t think of 
the other two right now, but  the four witnesses we have had here from 
the Depar tment  this morning was for me a remarkably refreshing 
and candid approach. I want to thank  you for coming out. We shall 
thank  Secretary Duncan for making you available to us this morning.

I certainly want to thank the experts on the panel for evaluating 
the fundamental questions, for procedural quarrels are one thing. * 
The facts of life for alcoholic fuels are quite another. I think the panel 
has established a record here this morning that , once published, will 
be made available to those who really care at all about alcohol fuel 
and t ry to get a t the bottom of it. *

Particularly for the media and the public present, I want to reassure 
you and to urge you to focus on the fundamental questions tha t 
were asked here and answered here in this last panel. The fuel versus 
food question still rambles out all across the country. The question 
tha t Dr. Pear t addressed himself to, “Does it take more fuel, more 
energy to make a gallon of alcohol than  you get from it, ” although 
it seems to me now definitive, i t still gets asked everywhere you go.

Certainly Dr. Ladisch, who has worked with Dr. Tsao at Purdue 
on the frontline of the breakthrough tha t will open up a whole new 
horizon for energy, for when you go to cellulose you are not talking 
about any grain limitations, but you are talking about practically 
the whole universe of plantlife which is cellulose, and the exciting 
work tha t is being done there, I think, is clearly among the most 
interesting and worthwhile and useful in the  country.

Let me finally say tha t in the reference tha t you made, Dr. Peart, 
to the balance tha t we ought to strike in nat ional policy with regard 
to whether you import more oil or make it at home, we have had 
economists look at this; and sometimes those of us who are enthusi­
astic supporters of alcohol look at it one way and others look at it 
another way.

What I  would like to urge to the people concerned about this issue, 
look at it, if for no other reason, in a national security sense. I can 
make the economic case for alcohol and I am a 100-percent supporter * 
but  I  don’t see very many people today  talking about fuel as a basic 
ingredient of national security. Yet, you don’t really have to be a 
historian, you don’t have to be an international relations expert to 
realize tha t the thread by which our whole national security hangs < 
today is a handful of very unstable, potentially unstable countries.
In fact, whether or not we would be able to put a military  effort in 
the field might well depend on whether or not, at tha t particula r 
juncture,  the Saudi Arabian princes were getting along with each 
other. Quite literally, it is in tha t dimension tha t I think we must 
address the issue of getting additional fuel made at home.

The overwhelming arguments tha t have been made here today in 
terms of the economics of it  and the support for i t from our friends 
here this morning from the Depar tment  of Energy is encouraging,
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bu t I th ink  the  urgency is sometim es over look ed. The urgency real ly 
is t hat we m ust n ot  allow th is c ou ntr y to  rem ain  hostag e to  the pr oduc­
ers of oil in a han dfu l of countri es far, far  away who do no t have our  
best int ere sts  as their  intere st,  as the ir conc ern. And  so, even  if it 
we ren ’t as good economically, even  if the  ene rgy  bala nce,  Dr . Pe ar t, 
were  no t quite  w ha t you  say  i t is—and I th ink it  is at  l eas t wh at you  
say  it  is—even if the re were no new hope  for the  future , Dr . Lad isch , 
we rea lly ought to do it anyway . We ought to do it  for the  na tional 
sec uri ty issue and  the  add itio nal  security  sa fet y of the  co untry . If for  
no othe r reason, th a t’s enough to justi fy  every thi ng  and  anyth ing  we 
do.

Fin ally, le t me say th at  m y own animus and my  own t hr us t and  m y 
own irr ita tio n at  Mobil Oil for at tempt ing to block thi s is in no way  
geared to a feeling th at we ought to throw  ou t the  me thy l alcohol 
solution or th at  whole process or we ought to sto p any tax paye rs’ 
doll ars being used by  Mobil to  develop a process from which they  will 
profit. I hope  the y do profit from i t. I hope  t ha t 5 to  6 y ear s from  now 
me thy l alcohol  is ava ilab le in large  am ounts , and  eth yl alcohol  is 
ava ilab le in large am ounts , beca use we are going to hav e to hav e all 
of the  kin ds of ava ilab le resource  energy, and certa inl y the  con ver ­
sion of coal to this , if we’re even  going to  begin to make a se rious  effort 
at  making up  the  o ther hal f of the  oil pro duction  fo r which we a re now 
dependent overseas. So, I am no t opposed to the su pp or t of Mo bil ’s 
process. I ju st  wish they  were no t opposed to wh at  othe r people are 
try ing to do, for I believe th at America was  bu ilt  on com pet ition. I 
th ink th a t’s wh at made this coun try  wh at  it  is. One of the  reasons 
th a t some of us have been  engaged in thi s alcohol fuels movem ent  is 
th a t we do no t believe there’s adequa te com pet itio n in the liqu id fuel 
ene rgy field today;  ther efore, if we can  bring 10 per cent of our  l iquid 
fuel from alcohol, ethanol alcohol sources, fine. And  if anoth er x pe r­
cent comes  from me tha nol alcohol sources, fine. Com bined, the  ava il­
able resource energy will bring bac k com pet itio n to the  liqu id energy 
field which is rapidly disa ppe arin g. Fo r a whole lo t of reason s, I th ink 
it  was im po rta nt  and  it is im po rta nt  th at  we no t allow wh at I mus t 
conclude was a hasti ly dra fte d, ill-conceived and  untim ely  delivere d 
repo rt to become the  basis  for  the na tional policy  of the  Un ited Sta tes .

I wa nt  to th an k the  staff for their  care ful pr eparati on  and  the  co­
opera tion of the  Dep ar tm en t of Energ y in going  through  the  
doc uments.

I wa nt  to th an k Congres sma n Mo ffe tt for coming ou t here.
I wa nt  to th an k Congressman De ckard  for coming up from down 

the river.
I wa nt  to assure all of you  in the Dep ar tm en t and  who are the  ex­

pe rts  t hat  cert ain ly thi s subcom mittee  will no t forg et its  respo nsibili ty 
as the  chief energy e nvironm ent  over sight com mittee  for the  H ouse of 
Repre sen tat ive s.

The hea ring is adjourned .
[Whereupon,  at  11:55 a.m ., the sub com mittee adjourne d, to re ­

convene subje ct to the call of the Chair.]
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Depar tment  of Energy 
Washing ton, D.C. 20o85 Kay 2 , 1980

The H on or ab le  C harl es W. Du ncan,  J r .
S e c re ta ry  o f En ergy
D ep art een t o f En ergy
1000 In de pe nd en ce  Av enue,  S.W.
W as hi ng to n,  D.C . 20585 

Dear Mr. S e c re ta ry :

I  an  p le ase d  to  tr a n s m it  th e  r e p o r t dev el op ed  by  th e  En erg y R es ea rc h 
Adv is or y B oard 's  Gasohol St ud y Group . The  members o f th e  Stud y Group 
wer e s e le c te d  fo r  t h e i r  te c h n ic a l e x p e r t i s e ,  pr om in en ce  and  in t e g r i t y .
The r e p o r t has  th e  en do rsem en t o f th e  En ergy  R es ea rc h  A dv is or y Bo ard.

The  p r in c ip a l c o n c lu si o n s  o f th e  St ud y Group a re  as fo ll o w s:

1) E th an ol p ro d u c ti o n  as a n e a r-t e rm  (m id -1 980 's ) p a r t i a l  s o lu ti o n  to  
th e  li q u id  fu e ls  pr ob le m  (b as ed  on c u r re n t in c e n ti v e s )  w i l l  p ro b­
ab ly  re ach  20 0-30 0 m il li o n  g a ll o n s  p e r y e a r by 19 85 . T h e re a f te r , 
about  800 m il li o n  g a ll o n s  o f e th a n o l cou ld  be  pr od uc ed  p e r y e a r .
T h is  le v e l o f e th a n o l p ro d u c ti o n  would  d is p la c e  an e q u iv a le n t o f 
26 ,0 00  b a r r e l s  o f o i l  p e r day  o r l e s s  th an  on e p e rc en t o f U.S . 
g a so li n e  co ns um pt io n;  and

2) u t i l i z i n g  th e  b e s t a v a i la b le  te chno lo gy  b e fo re  1985 th e  n e t en er gy  
ba la nce  i s  about zer o  fo r  e th a n o l pro du ce d fro m co rn  and  o th e r 
c ro ps in  f e r m e n ta t io n /d i s t i l l a t io n  p l a n t s .  I f  th e  fe rm e n ta ti o n / 
d i s t i l l a t i o n  p la n ts  a re  fu e le d  by  c o a l o r wood, ea ch  g a ll o n  of  
e th a n o l pr od uc ed  could  ea ve  ro ugh ly  0 .5  g a ll o n s  o f o i l .

Th ese and  o th e r  c o n c lu si o n s  and re co m m en da tio ns  in  th e  r e p o r t a re  ba se d 
on th e  b e s t d a ta  a v a i la b le  to  th e  St ud y Group a t  th e  tim e i t  co nd uc te d 
th e  s tu dy  (Decem ber  1979).  The s tu dy  i t s e l f  was undert aken  on a qu ic k  
tu rn -a ro u n d  b a s is  to  a d d re ss  so ne  s p e c i f i c  is s u e s  th en  o f i n t e r e s t  to  
th e  D ep ar tm en t.  The d r a f t  r e p o r t o f th e  Stud y Group was d is cu ssed  a t  
th e  Feb ru ar y  m eeting  o f th e  Boa rd . As a r e s u l t  o f th a t  d is c u s s io n  th e  
d r a f t  was m odif ie d  to  c l a r i f y  some o f th e  p o in ts  made in  th e  o r ig in a l  
d r a f t .

The Bo ard  a ls o  re c e iv ed  comm ents fro m mem bers  o f th e  p u b li c  a t th e  
Feb ru ar y  and Kay m eetings o f th e  Boa rd . Hos t o f th e se  comm ents addre ss ed  
th e  b e n e f it s  o f s m a ll -s c a le  o p e ra ti o n s  an d th e  lo n g -r an g e  p ro sp e c ts  fo r  
g a so h o l.  The b e n e f it s  o f s m a l l- s c a le  o p e ra ti o n s  a re  re cogn iz ed  in  th e  
r e p o r t b u t perh aps a re  n o t h ig h li g h te d  to  th e  e x te n t some would  d e s i r e . 
Bo th m a tt e rs  d ese rv e  f u r th e r  re s e a rc h .
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I realize that the gasohol issue is in a continuous state of flux. The 
Board is prepared to render additional assistance should you require it. 
In any case, as new data becomes available the Board's Biomass Panel 
will study the natter as part of its overall charge.

Sincerely,

Solomon J. ̂ Suchsoaum, Chairman 
Energy Research Advisory Board

*

Attachment:
As Above

♦

68-281 0 - 8 0 - 7
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WFW  YO RK STATE COLLEGE OF AGRICULTURE AN D LIFE SCIENCES 
1  ‘ A  STA TUTORY COLLEGE O r THE STATE UN IVE RS ITY— CORNEL L UNI VER SIT Y

ITHACA . NEW YO LK  H t »

c e f a v t h e x t  o r  e n t o m o l o g y  
AND

SfCT IOS’ OF ECOLOGY AN D SY i i t R A T IO

Re f I] A-dre it:  
Cornell Unite  rill)  
Co nnor! Hell 
ll te ra ,N .Y . 14S»

9 0  i n r t l  TORfl

Dr. S.J.  Buchsbaum 
Executive  Vice Pres ident,  
Customer Systems 
Be ll Laborator ies  
Crawford Comer Road 
Ko lnde l, N.J. 07733

*

Dear Dr. Buchsbausi:

I ara pleased to  submit the Gssohol Report prepared fo r the 
Energy Research Advisory Board by the Gssohol Study Group. In our 
search fo r a lte rn a tive  sources o f li q u id  fu els  fo r the fu tu re , the  , 
pote ntia l o f gssohol should be ca re fu lly  eva lua ted. The use o f food 
ara lns  fo r alcohol production raises several Importa nt Issues. In I ts  
de lib era tio ns the study group considered these Issues from a /r o a d  _
persp ective Inclu ding  the en erge tic s,  economics, so c ia l,. a g ri c u lt u ra l, ana 
environmental aspects.

C lear ly  the re are be ne fits as ir e ll  cs ri sks  In the pro duction and 
use o f alcohol fo r casobol. Ha ca st  emphasize that  a K ij o r  e f fo r t  to  
convert food nra lns  In to  alcohol using no-o il/ gas- 1Ircd  u ls t il le r u s ,  .
V fl ll supply  the na tion ti lt h  about 800 m il li o n  gallon s a ft e r  1535. ‘ ‘‘ I *
amount o f  alcohol used cs gisohol would rep lace the equiv alen t o f £.5,000 
bbls o f o il  pe r day or less than IS o f cu rren t gasoline consumpt ion.

We hope that  th is  repo rt w il l be o f value to  the Energy Research 
Adv isory Board.

♦

Since:o your^«ce re ly yours

David Pimentel 
Chairman, Gasohol 
Study Group

DP:sp
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In tro du ct ion

The United States must find  a lte rn a tive  sources of li q u id  fuels  

fo r the fu tu re . One a ltern ative th a t has received a great deal of  

at te nt io n is  gasohol (a 102 ethanol and 902 gasoline m ix tu re ). The Gasohol 

Study Group was asked to  inve st igate the fo llo w ing question s:

(1) Khat are the po tent ia l be ne fit s o f gasohol from both an ene rge tic 

and economic perspective?

(2) What is  the po tent ia l impact o f gasohol prod uct ion on agricu ltu re , 

land use, and the environment?

(3) In ad di tio n to  gra in and othe r starches and suga rs, are the re «

othe r biomass sources av ai lable fo r gasohol production?

(4) Khat are the comparative be ne fit s o f ethanol production from gra in 

and methanol production from coal?

• (5) Are ad di tio na l tax ince nt ive s needed fo r gasohol production?
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Findings

Gasohol Energetics and Economics

(1)  Using e ith e r exis ting  technology or  the best av ai lable technology 

before 1935 with  exis ting  o i l -  or  gas-fu eled fe rm en ta tion /d is ti lla tion  

pla nts , the net  energy re tu rn  fo r ethanol pro duction from corn and 

othe r crops is  about zero. I f  fe rm e n ta ti o n /d is ti lle ry  pla nts  were 

fue led  by co al, then each ga llon o f ethanol produced could save 

roughly 0.5 ga llon o f o i l .

(2) In the 1985 time  pe rio d,  to ta l ethanol productio n using gra ins  and 

no n-oi1/g as-f ir ed  d is t il le r ie s  cou ld have s ig n if ic a n t effect s in 

certa in  region s,  but  a lim ited  impact on to ta l U.S. o il  consumption. 

Produc tion  o f ethanol cou ld reach 800 m il lio n  ga l/y r.  I f  u ti li z e d  

in  producing gasohol, 292 o f the cu rre nt  na tiona l unleaded gasoline 

requ irement cou ld be blended to gasohol. This  would displace an 

eq uiva lent  o f 26,000 bbls o f o il  per day or  less than 1% o f U.S. 

gasol ine  consumption.

(3 )  Most U.S. fe rm e n ta ti o n /d is ti lle ry  plan ts producing ethanol are 

fue led  by o il  and gas and, th ere fo re , are not  prov iding the nat ion  

with  any new net high-grade fu e l.

(4 ) Ad di tio na l gasohol be ne fit s in  the petro leum re finery  ope ration and 

fo r the mileage performance o f gasohol are cu rrently sub jects of  

controversy . Adequate te sting  is  needed, w ith  fu rthe r assessments 

o f gasohol taking  in to  account the state o f fu tu re  technology

both in  automotive engines as we ll as petro leum re fin in g .

(5)  The cos t o f corn co nst itu te s about 732 o f the manufacturing cos t 

o f etha no l; hence, process research direc te d to  oth er areas o f 

cos t red uc tion w il l have l i t t l e  impact.



(6)  The value o f the  by-pro duc t ca tt le  feed ( d is t i ll e r s - car* 

could reduce the Impact o f the high mater ia l (corn)  cost by as 

much as one ha lf .

(7) Cur rent tax inc en tives  fo r ethanol prod uc tion,  es pe cial ly  sta te tax

reb ates , appear to  be more than adequate to  encourage investment 

today w ith  exi st in g techno logy. _  f

(8)  Current  fed era l and state tax ince nt ive s fo r  ethano l production 

appear to  have encouraged some ethanol from petro leum  ethy lene to be 

so ld in  the  market place.  The pro duction  o f ethanol from ethylene 

th at was produced from o il  does no t co ntr ibute  to  the na tio n's 

energy needs.

(9) The cost o f high-grade fuel  produced as gr ain ethanol w ith  cu rre nt  

bes t av aila ble  technology should be grea ter than methanol produced 

from na tura l gas o r coal w ith  best ava ila ble  technology. Research 

cn methanol productio n from coal is  needed to  fu ll y  inve st igate 

th is  po te n tia l.

(10) Research is  needed on variou s a g ri cu ltu ra l systems th at  would allow  

fo r  the production o f food and soma ethanol wh ile  protec tin g land 

p ro ductiv ity  and environmental q u a li ty .

(11) C ellu lo sic  biomass is  more abundant and ava ila ble than gra in and 

other ag ri cu ltu ra l crops and cou ld be a cheaper sub strate  tot ethanol 

pro duct ion;  un fortu na te ly because o f research  and development needs, 

ethanol from ce llu lo se  fermen tat ion  is  no t li k e ly  to  be commercialize 

u n ti l a ft e r  1535.

Gasohol Impact on Food and the Environment

(1)  The advantage o f ethanol pro duction  from cereal  grains and othe r 

food crops is  th a t i t  can provide a qu ick  supp ly o f li q u id  fuel  

during the ISSOs. A small su rp lus o f gra in  ex is ts  today fo r ethanol 

pro duction  (i n  pa rt because o f the Russian grain embargo) but there
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are un ce rta in tie s about fu tu re  demands, esp ec ia lly  in  li g h t o f the 

world food problem.

(2) Gasohol pro duction , stimula ted by high subs idies,  w il l reduce the 

amount o f gra in ava ila ble fo r ne at , m ilk , and egg -produ ction.

(3)  Gasohol production  w il l in te ns if y  environmental degradation wi th 

standard crop cu ltu re  technology because o f gre ater  pressure fo r the 

use o f land fo r ag ri cu ltu ra l pro duction .

4 (4) Ethanol can be produced on in d iv id ual farms in  sm all -sc ale  operations

and the wet s ti ll a g e  fed to liv esto ck. Assuming th at  woody residues 

were av ai lable on the farm as a d is t il la t io n  fu e l,  then the re would

*  be net  energy benef it fo r these small opera tions . Although the

to ta l energy co ntr ib utio n w il l probably  be sm al l, these sm all -sc ale  

un its  would o ff e r a degree o f fam ily  se lf -s u ff ic ie n cy .

(5)  The supply o f gra in av ai lable fo r gasohol and liv est ock productio n 

w il l continue to  vary  from year to  year due to  cl im atic  v a r ia b il it y  

and wor ld food demand. This  v a r ia b il it y  in  gra in supply w il l have 

an important impact on gasohol pro duction .

(6) The pool o f gra in -^ av ai lable fo r gasohol and liv est ock  produc tion

is  proje cte d to  de cline  in the fu tu re  because o f the ra p id ly  growing 

world populat ion  and demand o f th is  grain fo r food. Even wi thou t 

gasohol produc tion,  pr ojec tio ns  are th at both demand and pr ice s fo r  

gra in on the wor ld market w il l inc rease.

fo re str y  and Agricu ltu ra l Residues fo r Gasohol Production

(1) fo re str y  residues and waste products are a major resource wi th  

po te ntia l to  produce about 27 b il li o n  ga llons  per year o f ethanol 

with  production beg inning in 1S85-1990 by ferm entat ion  routes (t h is  

techno logy, however, req uires  additi ona l research). U ti li z a ti o n

l/ T h is  takes in to  account the d is t il le r s ' grains  av aila ble  fo r liv est ock.
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o f these mater ia ls should not compete w ith  other commercial 

fores t-b ased  in dust ries.

(2) Technology fo r energ etic ally  end economical ly e ff ic ie n t use,of 

c e llu lo s ic  biomass to  produce ethanol by ferm entat ion  is  being' 

developed and could be ava ila ble 1n the la te  1980s fo r co m erc ia li 

za tion .^

(3) The cost o f ethanol from ce llu lo s ic  biomass is  expected to  be 

lower than from gra in and sugar crops.

(4)  There is  inadequate quanti ta tive  in form at ion on the amounts o f 

energy, es pe cial ly  o il  and gas inpu ts , needed to ma intain  a 

sus tain ed y ie ld  o f ag ri cu ltu ra l and fo re str y  biomass fo r energy 

prod uc tion.  An in ve st ig atio n is  needed o f the to ta l inp uts  

in clu din g: s it e  pr ep arat ion,  fe r t il iz e r s ,  pe st ic ides , machinery, 

fu e l,  and any othe r inp uts  fo r  sus tain ed agricu ltu ra l and 

fo re str y  biomass pro duction  systems.

Methanol Produc tion  from Coal

4

(1) The ca pita l cost fo r  one 500 m il li o n  oa llo n/ ye ar  methanol produc tion  

p la nt is  approximately  the same as fo r  twe lve 50 m il lio n  ca llo n/ye ar  

ethanol ferme nta tion plants .

(2)  Methanol as we ll as ethanol co ntr ibute  some problems in  automobile 

engine op erat ion  with  methanol causing core problems.

(3)  The convers ion o f coal d ir e c tl y  to  methanol is  proje cte d to  cos t 

about on e- ha lf to  one-third th a t o f ethanol productio n from grain ,

(4) Methanol production  technology-^ from coal or na tur al gas is  

commercially av ai lable now and is  capable o f producing methanol on 

a large scale.  Future cost reductions may be ach ievable f i r s t

by in it ia t io n  o f commercial coal-processin g pla nts  to  al low

—N atu ra l gas convers ion technology  is  ava ila b le  in  the United  States whereas 
coal convers ion technology is  ava ila b le  ou tside  the United  States .
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“ learning  curve" improvements, and then by research and deve lopmen t 

in  the coal gas if ic a tion  step , which ca rri es  the major burden 

o f the ca pita l investment.

(5)  Given adequate guarantees fo r  product revenue, ccmnercial production 

o f methanol from coal is  ach ievable by the la te  1930s.

(6)  Production o f methanol from coal ca rr ies with  i t  pot en tia l -environmenta' 

problems o f major concern: land damage, a ir  and wate r po llu tion ,

*  and increased production  o f carbon dio xid e.
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Recomendations

(1) Current  Inc en tives  fo r Investment in  ethanol production fo r 

gasohol are adequate and should not be Increased. For fa c il it ie s  

where the re are s ig n if ic a n t o il  savings from the  production o f 

ethanol /assuran ces should be req uired th at they w il l not  be fueled 

by o il  or  gas. Tax inc en tives  should  be tied  to  th is  co nd ition .

(2)  Ethanol production as a near term , mid-1980s lim ited  co nt rib ut ion 

to  the li q u id  fu el s problem should be allowed to  fi n d  it s  own leve l 

based on cu rre nt  ince nt ives , w ith  a high p ro bab il it y  o f reach ing 

200-300 m il lio n  ga llon s per yea r by 1985 (assuming no o il  and gas

is  used in  d is t il le r y ) .  Production o f 800 m il lio n  gallon s o f ethanol 

per year , i f  ob tainable  th ere a fte r,  cou ld provide s u ff ic ie n t ethanol 

to  blend about 202 o f cu rre nt  U.S. unleaded gasoline as gasohol. Thi!  

gross ethanol pro duction would dis pla ce  an eq uiva lent  o f 26,000 

bbls  o f o il  per day or  less than 12 o f U.S. gasoline consumption.

(3) Tax ince nt ive s should be monitored ca re fu lly  to  insure  th a t alcoho l 

productio n from gra ins  and othe r food supp lies  does not reduce the 

a v a il a b il it y  o f feed supp lies fo r meat, m ilk , and egg produc tion  and 

lead  to  fu rthe r in fl a ti o n  in  foods. In  fa c t,  cu rre nt  subsidies

may already be excessive  fo r  modem low -co st ethanol plan ts .

(4)  An ad di tio na l ince nt ive in  the form o f pro te ct ion o f investment  

(whether eq ui ty  or loa n- finan ced)  over the investment li fe tim e  would 

insure  ca pita l investment in  new alcohol plan ts .

(5) Ad di tio na l fin ancia l in it ia t iv e s  to  promote more dramatic increases 

in  ethanol pro duction above those  mentioned should not  be implemented 

because o f the  li k e ly  advent o f lower cost a lte rn a tive  li q u id  fu e ls , 

such as methanol from coal and ethanol from ce llu lose  in  the 1990s.

(6) Nat ional land use po lic ie s are needed to  prevent  environmental
. . . . .  i
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degradation associa ted with  an expanded e ff o r t to  produce grains 

and othe r crops fo r gasohol production .

(7)  Assessments o f fuel  replacement equivalents  o f ethanol compared 

w ith  gasol ine  beyond th e ir  BTU equivalents  are cu rrently  inconclusive 

and await  comp letion o f sound automotive fl e e t te sts .

(8)  Progress toward implementation o f othe r lower cos t technologies 

(methanol from co al , other sy nfue ls, e tc .)  must be monitored care fu lly

*■ with  the exp ectat ion  th at th e ir  re la ti ve  me rits and timetables

w il l be more c le a rl y  discernable  by the mid-1980s. I f  pra ct ical 

lower cost a lte rn ativ es to  ethanol are not emerging,  a more massive
*

ethqnol e ff o r t may be ca lle d fo r , using ce llu lo s ic  biomass as a 

su bs tra te .

(9)  Markets should be moni tored  to  insure  th at ethanol from ethylene 

from petro leum is  not  used to  rep lace  ferm entat ion  ethanol used fo r 

gasohol. Producing ethanol from ethylene der ived from o il  does not 

co nt rib ute to  the nation 's  energy needs.

(10) S ig n if ic a n tl y  increased support  fo r research and development o f 

ce llu lo s ic  biomass pro duction  and processing technology  is  needed 

should an extensive production  e ff o r t be ca lle d fo r in  the  fu tu re . 

Research is  es pecially  needed on problems o f land  and water 

resources and o il  and gas inp uts  th at are req uired to  support 

susta ina ble  ag ri cu ltu ra l and fo re str y  biomass productio n systems.

(11) Alcohol pro duction from coal should be encouraged because th is  

technology  has the fu tu re  pote ntia l fo r lower costs than alcohol 

productio n from gra in ; has vast ly  grea te r li q u id  fuel  a v a il a b il it y  

fo r the na tio n;  and would have less impact on food production and
A

pr ice s than the al co hol/g ra in  techno logy. (The panel considered  

on ly tran sp or ta tio n and did  not give  co ns iderat ion to  a ll  othe r 

w  pote ntia l uses).
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(12) The a lte rn a tive  o f d irec t production  o f alcohol from coal 

should be encouraged by some government as sis tanc e. .

(13) Any U.S. program fo r gasohol pro duction should take in to  

cons ide rat ion  the wor ld food problem and the fu tu re  demand by 

develop ing nations fo r gra ins  and othe r foods.

(14) The environmental issues a ri s in g  from methanol production from 

coal should  be examined in more dep th, and the be nef it o f the 

lower cost o f methanol should be balanced against the perce ived 

ri sks . This  balance should be weighed in  tu rn  against the same 

analy sis  fo r  a comparable le ve l o f ethanol pro duction to .h elp 

determine p r io r it ie s  fo r the two princi pa l alcohol tec hno log ies .
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An Assessment o f Gasohol Po tent ia l

/
Energy Balance

The energy balance fo r exis ting  ferme nta tion ethanol technology wi th

exis ting  petro leum or  gas-fueled  pla nts is  about zero; i . e . ,  the re is  no
<

net consumption or gain in energy (Table 1) . Host U.S. fermen tat ion / 

d is t il la t io n  fa c il it ie s  today are in  fa c t o il  or  gas-fue led . Savings

ca lculated  from decreased energy fo r gasoline pro duction  at  the re finery
<r

s li g h tl y  increase the net sav ings. Energy e ff ic ie ncy  in  the fermen tat ion / 

d is t il la t io n  pla nts can be improved through advanced techno logy, but the

♦ impact on net  energy w il l be small (Table 1) . The la rg est  e ff ec t w il l be 

obtained from fe rm e n ta ti o n /d is ti lla ti o n  pla nts th at de rive th e ir  energy 

from sources othe r than o il  o r gas, pr im ar ly  co al . (The use o f crop 

residues w il l be lim ited  [see pages 19 and 20 ]) . E ff e c ti ve ly , the n, 

w ith  o il- and gas -derived energy consumption in  fe rm e n ta ti o n /d is ti lla ti o n  

pla nts reduced to  zero,  the net savings is  about 53,090 BTU (LEV) par gal

o f etha no l; th is  is  the equiv alen t o f about 0.5 ga llon o f gasoline (? 115,000 

BTU [LHV] per ga l) (Table 1) .

Using no high fuel  (o il  and gas) in  the fe rm en ta ti on /d is ti lla ti on  

pla nts and assuming th at about 9 m il li o n  tons o f gra ins  were av ai lable,  

production  o f ethanol could reach 800 m il li o n  ga llo n /y r.  I f  blended wi th  

ga so line,  202 o f the cu rre nt  na tio na l unleaded gasoline  requirement could be 

ava ila ble as gasohol. This  would disp lac e an equiv alen t o f 26,000 bbl 

o il  per day or  less  than 12 o f U.S. gasoline  consumption.

Cost o f Gross Alcohol Fuel Produced at  the D is t il le ry

The com raw m ater ia l dominates the pro duction  costs (732 o f the ove ra ll

*  co st ) in  a 50 m il lio n  ga llon/ye ar  ferme nta tion p la nt (Fig ure  1) . Only about 

152 o f manufac turing costs are suscep tib le to  process improvements such as 

continuous ferm entat ion  and membrane separat ion  tech niqu es (H ar tline , 1979).
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In co nt rast  to  manu factu ring co sts,  a spec if ic  pr ojec tio n of se lli ng  pri ce  

is  not  presen ted because se ll in g  pr ice is  su bjec t to  conside rable va ria tio n 

depending on the  ex ten t o f debt fin an cin g and the assumptions in the DGF^ 

ca lculat ions  (e .g . 15? vs. 20?). Proje ct ions  o f p ro fi ta b le  ethanol se lli ng 

pr ices  from new pla nts  range as low as $1.20 per ga llon at  the plan t cate 

(OTA, 1979). These fig ures  are core se nsi tiv e to  financi a l con sidera tion  

than to  li k e ly  tec hnolo gic al advances. D e fin it iv e  pr ice projec tio ns  must

be determined on a case-by-case ba sis . >

Process cos ts are also se nsi tiv e to  p la nt size . At a plan t with  a

10 m il lio n  ga llo n/ye ar  ca pa cit y,  ethanol pro duction costs would be increased

by about one-third  (DOE, 1979a; Konohan, E .J .,  1979, Personal communication, *

P fize r In c .) . Small pla nts  ray  be p ro fi ta b le  in  se lec ted  si tu ations with

favorable  raw mate ria l supplies  (e .g .,  food processing wastes) th at help 

o ff se t increased opera ting costs . Farm d is t il le r ie s  als o may be he lp fu l in  

a lle v ia ti n g  loca l e ff lu en t waste problems. Such farm operatio ns are not 

li k e ly  to  have a s ig n if ic a n t impact on gasoline supply,  but may provide  some 

be ne fits to  a few people who de sire a sense o f se lf -s u ff ic ie ncy  in  th e ir  

opera tions.

Cost o f h'et Fuel Produced
I f  no high grade fuel  energy (o il  or gas) is  used in  the d is t i l le r y ^ ,

1 BTU o f fuel  energy produces about 2 BTUs o f alcoho l fuel  energy; the 

agricu ltu ra l process consumes the  1 BTU o f energy. Although the equiv alen t 

y ie ld  o f 2 ga llons fo r 1 is  p o s it iv e , the  process o f producing the ne t . 

ethanol fuel  energy is  expensive.

F ir s t,  the  2 ga llon s are produced at a pr ice o f $1.20 per ga llon 

or  a to ta l o f $2.40. I f  the $0.26 cost fo r  fuel  inpu t is
A

1/ Discounted CashFlow.
2/  Coal fi re d  fe rm a n ta ti o n /d is ti lla ti o n  plan ts .
2 / Gasoline cos ts $0.43 and na tura l gas $0.30 per  115,000 BTU—the 75,000 3' 

o f hich  grade fuel  is  assumed to  be h a lf  gasol ine  and h a lf  gas (Anonymou 
1977a; AGA, 1979). .
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subtracted  from $2.40, then the  rea l cost to  produce 1 net  ga llon o f new 

fuel  energy as alcohol is  $2.14. I f  fu tu re  automotive fl e e t tests 

demonstrate th at the gasohol blend is  mechanica lly equal to .g as olin e, then 

the  rea l cos t w il l be s li g h tl y  less than $2.14. .

Current  fede ra l and state  tax incent ive s run as high as a $1.13 per 
ga llo n (DOE, 1979b). These tax ince nt ive s make alcohol comp eti tive with  ' 

ga so line,  but i t  must be recognized th a t consumers pay the to ta l b i l l  per 

ga llon o f alcoho l produced and used.

The cos t o f producing methanol d ir e c tl y  from coal in  terms o f 
gasoline  replaced (see pages 22 and 23) has been est im at ed ^ to  be 

between $0.40 and $1.0 0/g a l. I f  "octane number" cre d its  were appl ied as 

they are sometimes proposed fo r grain ethano l, they would have also to 

be applied  to  sy nthe tic  methanol and reduce th e ir  e ff ec tive  co sts.

Ethanol from Ethylene

There is  some evidence th at ethanol from ethylene is  being used 

to  rep lace ferme nta tion ethanol (CNR, 1979). I t  is  und esi rab le when ethanol 

from o il- deri ved  ethylene is  used in  gasohol because o il  is  being converted 

in to  another  form o f li q u id  fuel  and, th ere fo re , is  not  prov iding a net 

gain  in  liq u id  fuel s fo r  the na tio n.  Thus, markets should be monito red to  

ins ure  th at ethanol produced from eth ylene is  not being used to replace 

ferm entat ion  ethanol used fo r gasohol pro duction .

1/ 3ased on methanol costs o f $0.20 to $0.50 per methanol ga llo n,  m ult ip lied  
by 2 to ob tain 3TU equ ivalence.
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Inpact  o f Gasohol Produc tion  on Food and the Environment I

Competition fo r  the Grain Resource I

The use o f gra in to  produce gasohol w il l Inf lue nce the quant ities o f I
I

gra ins  th a t are av ai lable fo r use in  U.S. liv esto ck  production as we ll as I

the amount ava ila ble fo r expo rt (Pimentel et  a l . ,  1530a). The e ff ec t can I

be il lu s tr a te d  by reexamining the s itua tion  th a t occurred in  1973-74 when I

wor ld demand fo r gra ins  increased and U.S. exp orts o f gra in increased— I

pr ices  o f U.S. gra ins  more than doubled (corn rose from $1.15 to  $3.05 /bu " I

[USDA, 1975-76 ]). Because i t  was unpro fit able  to  ra ise liv est ock  with  I

high -p ric ed  gra in , farmers sent large numbers o f animals to market and *

the amount o f gra in fed liv est ock declin ed  by ne ar ly 302 (Figure  2 ).  As a I

re su lt  consumers paid  high  pr ices  fo r  meat, m ilk , end eggs (USDA, 1972-77). I

Basi ca lly  because liv est ock and gasohol productio n use the same resource,  I

they w il l compete fo r surplus gra in . Th erefo re, ince nt ive s to  encourage I

gasohol production must be set and ca re fu lly  monitored so th at the I
a v a il a b il it y  o f gra in fo r liv esto ck production is  not se rio us ly  reduced; I

otherw ise animal protein pr ices  w il l ri se  and re su lt  in  adJc-d in fl a ti o n . I

Furthermore, even w ith  the cu rre nt  ince nt ive s to  encourage the use o f I
gra in fo r  gasoho l, it s  pro duction  is  as se nsi tiv e to  gra in pr ice changes as I

is  liv esto ck production  (Pimentel e t e l . ,  1930a). I f ,  fo r example, gra in I

pr ice s ware to  ri se  th re e-f o ld  or  more a bushel,  as occurred re ce ntly, I
gasohol as we ll as liv esto ck systems would be af fe cted . I

The projec ted trends fo r  the  wo rld  gr ain market are inc rea sing gra in I

demands (NAS, 1977). The prime reasons fo r  th is  are:  (1) a ra p id ly  I

growing world  po pu lation—a t le ast  a 70* increase in  the next 25 years — I
w il l requ ire  more food (HAS, 1977); (2) most cropland in  the wor ld is  already * I

in  production (NAS, 1977); and (3)  grain y ie ld s per acre in  the world are I

decl in in g due to  land degradat ion and othe r factor s (3rown, 1979). The refo re, |
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assuming increased wor ld demand fo r gra in , U.S. gra in pr ice s w il l increase. 

Th is,  in tu rn , w il l reduce the amount o f surplus gra in th at is  av ai lable 

fo r  liv esto ck  and gasohol produc tion.  Whether the gra in is  u ti li z e d  in 

the wor ld co mun ity  depends upon numerous factor s including: (1) seriousness 

o f famines; (2)  gra in price s;  (3) a b il it y  to  pay or  economics; (4) balance 

o f payment problems; and (5) p o li t ic s .

Land Use and Degradation

Land av ai lable fo r gra in production  in  the United  States is  li m it e d ^ ,  

The to ta l set  aside  land acreage in  1972 was about CO m il lio n  acres. Eecause 

o f the high gra in pr ice s fo r expo rt in  1974, th is  acreage ab rupt ly  dropped 

to  zero. Although the se t aside land is  now 15 m il lio n  acres , i t  can be 

expected to  decrease as the demand fo r grain on the wor ld market and gra in 

pr ices  ri se . In add it io n, i t  should  be pointed out th at about 2.5 m il lio n  

acres o f crop land  is  lo s t annually to  highways and urb an iza tion (USDA, 1971). 

Although the ra te o f loss may declin e with  reduced automobile use, the U.S. 

populat ion  growth, pro jected  to  increase  24" during the next 25 ye ars,  w il l 

probably  keep the loss at  nigh le ve ls  (US3C, 1975).

Some cropland, about 40 m il li o n  ac res , th a t is  cu rrently in  pastures 

could be converted in to  gra in pro duction  (USDA, 1979). However, th is  is  

marginal cropland and ther efor e fo r the same ag ricu ltu ra l energy input,  

the y ie ld s would be less than average. In add it io n, the forage th 3t is  

being produced on the land would no lon ger be av ai lable to  liv estock  and 

othe r su ita ble feed would have to  be found.

1/ Various ag ri cu ltu ra l systems have been proposed th at inc lude in te rp la nting 
-  and in te gra ting m ulti p le  crop systems w ith  liv esto ck  prod uct ion systems 

suggesting  th at  crop and liv esto ck technology cou ld be improved (Pimentel 
e t 'a l . ,  1973; Pimentel and Pim entel , 1950; Carlson et  a l .,  1979a; 1979b; 
Commoner, 1979). l.'hether these  proposed systems w il l fun ct ion  e ff e c ti ve ly  
and economically remains to be tested .

6 8-2 81  0 - 8 0 9
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Rais ing gra in and sugar crops with  cu rre nt  agric ultu ra T technology ‘ -----

degrades the  s o il -^ .  Over a 25-year pe rio d,  w ith  corn pro duction , fo r 

example, i t  is  estimated th at an ad diti ona l 12 gal o f fuel  equ iva lents par 

acre per year would be needed in  the form  o f fe rt il iz e rs .a n d  oth er fo ss il 

energy inputs  to  o ff se t th is  degradation (Pimentel e t a l. ,  1930b).

There fore, land degradation must be inc luded in any energy inpu t/o utpu t /

analy sis  fo r gasohol pro duction .
Variable  Grain Supp lies

A major d ile rr a  in  the long term in  using grain as a resource fo r

ethanol pro duction is  how much surplus grain w il l be av ai lable 1n the
I

fu tu re  (Pimentel e t a l . ,  1930a) This depends on c lim a tic  tren ds and wor ld *

food productio n (USDA, 1967-79). Clim ate has become more va ria ble and th is

has inf lue nced  the annual gra in y ie ld s in  a ll  regions o f the world (in clud ing

the United Sta tes ) and in  tu rn  has s ig n if ic a n tl y  inf luen ced world gra in

demand and pr ices  (Brown, 1979; Pim entel , 1979) . Poor cl im atic  cond itio ns

in  the fu tu re  cou ld have dramatic e ffects  on the wo rld  food problem (Schneider

1978).

Ce llu lo s ic  Bioness as a Source fo r  Ethanol Production

The sing le  most imp ortant cost in  the  economic analy sis  

o f ethanol production is  the carbon source.  C ellu lo sic  bicmass is  expected 

■ to  cos t less than starch  and sugar mater ia ls  and as a i-esu lt could have 

major Impact as a raw ma ter ial  fo r  pro duction  o f alcohol (DOE, 1979b).

Cellu lo si c biomass con tains app rox ima tely  equal pa rts  o f ce llu lo se , hemi- 

ce llu lo se, and li g n in  (c el lu lo se  and hemice llu los e are used to produce 

etha no l).  I t  is  expected th at the in i t ia l  impact o f ce llu lo s ic  biomass on 

ethanol production t r i l l  begin in  the mid 1930s and could be su bs tant ia l
A

by 1990. . : ’

1/  Numerous ag ri cu ltu ra l techno log ies  e x is t fo r con tr o lli ng  so il erosion and 
degradation and these tsc hnolo g'e s have been av ai lable fo r more than 40 y<

■ (3e r.nett , 1939). Although the techno logy has been av ai lable fo r  se ve ra l..  *
decades and ove r $15 b il li o n  spent since 1935, so il  erosion  has no t de cl i 
and remains a serious problem today  (GAO, 1977; SCS, 1977).
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Agricu ltu ra l resid ues,  p a rt ic u la rl y  from corn and small grains , 

o ff e r  a supp ly o f ce llu lo s ic  biomass th at could be co lle cted  and u ti li ze d . 

Cur re nt ly , th is  valuable  residue is  retu rned to  the s o il . Crop residues 

play  a v it a l ro le  in  agricu ltu re  by con tr o lli ng  so il eros ion,  preven ting  

rapid wate r ru no ff , ma intain ing  so il  organ ic ra tt e r  and so il  st ru ct ure , 

prov id ing so il nu tr ie n ts  (N, P, K, e tc .)  and pro te ct ing othe r environmental 

qua lit ie s  (Larson et a l . ,  1978; Pimentel et  a l. ,  1933b). For these reasons, 

agronomists and othe r a g ri c u lt u ra li s ts  recomend th at corn res idu es , fo r 

example, be harvested on ly on land wi th a 0-22 slope (Gupta et  a l. ,  1979). 

Furthermore, fo r each acre, at  le ast  1500 lb  o f the 5000 lb  o f corn residues 

should be le f t  on the  land  and conse rvation  t il la g e  employed (Larson et  

a l . ,  1978; Gupta et a l . ,  1979).

I t  is  est imated th a t about 3500 lb  o f corn res idue per  acre could be 

removed from about 202 o f the land curr ently used fo r corn;  i . e . ,  

land with  a slope o f 0-22 (Gupta e t a l. ,  1979). In add it io n, 1200 lb  o f 

small gra ins res idue per acre could be removed from 252 o f the land used 

fo r small gr ains , p rim a ri ly  wheat (Pimentel et  a l. , l-9£0b), these 

estim ates  assume th at good conse rvation  prac tic es  would be employed and 

nutr ie nts  removed would be added back as commercial f e r t i l i z e r .  I f  a 

cover crop were pla nte d on corn fi e ld s  a t the end o f the season, then a ll  

o f the corn res idue (abou t 5000 lb )  could be removed from about 30 percent 

o f the land (e .g . land  with  0-52 slope) curr ently used fo r corn produc tion  

(Pimente l et  a l. ,  1930b). The estimated pote ntia l alcohol produc tion  from 

crop residues is  about 1.9 b il li o n  gal per  year (Table 2) .

The cost and energy inpu t fo r co llec ti ng  and tran sp ort in g crop residues 

are s ig n if ic a n t.  For example, in  I ll in o is  the  pr ice per de livered  dry ton 

o f crop residue is  $35 to  $53 w ith in  a 15 mi le range (DSC, 1973). This  is  

from $2.40 to  $3.50 per m il lio n  Bi' 's and thus is  more expensive than coal.
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The energy Inpu t fo r co lle ction  and tran sp or t o f corn residue is 

estimated et  200,030 BTU per acre (P ine ntel et  a l . ,  1539b), In addi tio n,  

the fe r t il i z e r  value o f th is  corn res idue is  ca lculated  at  about 1.6 ■ , 

m il lio n  BTU. Thus, the to ta l cos t in  energy fo r rer ov ing the com residue 

is  about 16 gal fuel  equiv alents  per acre. This  cos t must be assessed f  

against the pote ntia l energy be ne fit s (140 gals o f alcohol per acre) of 

u t il iz in g  corn res idues.

Forest residues and products provide a major biomass resource (Pimentel 

et  a l. ,  1978). The an tic ipated  a v a il a b il it y  o f noncormerc ial and therefore 

noncompeti tive v.ood from fo re st biomass, and it s  pote ntia l annual y ie ld  

o f pure ethanol is  about 29.5 b il li o n  ga llons  per  yea r (.Table 2) . The ex tent  

to  which fo re st  biomass can be u ti li z e d  depends st ro ng ly  on research and 

development o f hy drolys is and convers ion tech nology in to  co rr re rc ia lly  

via ble production rou tes .

The technology av ai lable today  fo r  pro duction o f ethanol from ce llu lo s ic  

biomass u ti li z e s  ac id hy drolys is to  produce sugars th at are fermented to 

e th a n o l  (DDE , 1 3 7 3 b ) . "i ri s  technology is  prac ticed  by on ly one com erc ia l 

fi rm  a? a p il o t  p la nt opera tion (DDE, 1979b).

Processes fo r  improved use o f ce llu lo s ic  biomass are being inve st igated . 

They includ e:  improved methods fo r  ac id hyd ro lysis,  the  use o f enzymatic 

hy drolys is o f ce llu lo se , pre treatm ent o f biomass to  enhance hy drolys is and 

d irec t ferm entat ion  o f ce llu lo s ic  biomass to  ethanol (SERI, 1979).

In these processes,  the ce llu lo se and hemice llu lcs e are converted to  li q u id  

fuels and the combustion o f the remaining li g n in  w il l prov ide the process 

energy. Thus, the  u t il iz a ti o n  o f c e ll u lo s ic  biomass probably  mould not 

requ ire  the inpu t o f ..cn ranetoble im els.

h' ith  pres en tly  emerging technology, we can expect to  zee implementation 

o f ce llu lose  plan ts  fo r  ethanol pro duction  in  the mid 1539s. h’i th  improved 

technology the re is  the  pote ntia l fo r  s ig n if ic a n t productio n o f ethanol by
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1990. In add it io n, technology  is  under development to  ga si fy  ce llu lo s ic  

biomass (SERI, 1979). Because o f the large  siz e requirement fo r scale 

economy o f gas if ic a tion  pla nts , i t  is  li k e ly  to  be d if f ic u lt  to supply 

s u ff ic ie n t biomass with ou t major sh ipp ing  pe na lties  and mixed feeds o f 

coal and biomass may be used to produce sy nthe tic  gas fo r  methanol production 

Because o f the  re la ti v e ly  low cos t and widespread a v a il a b il it y  o f 

ce llu lo s ic  m ate ria ls , they are,  in  the long run,  w ith  successful tec hn ica l 

development, expected to  be the most important biomass mate ria l fo r fue l 

alcoho l pro duction . In co nt rast  to  the use o f gra in and sugar crops,  

the conversion  o f c e llu lo s ic  biomass to  alcohol should o ff e r  no com petition 

with  respect to  gra ins  and othe r foods . Furthermore, the re should be no 

s ig n if ic a n t impact on the sus tained favorab le trade balance de riv ing from 

gra in exports  (USDA, 1979).

The use o f con serva tive agronomic prac tic es  fo r use o f crop residues 

should be ob lig a to ry  to  avoid so il deg radation (Larson et a l. ,  1973;

Gupta et  a l. ,  1979; Pimente l et  a l . ,  1976; Pimentel e t a l. ,  ISSOb). In any 

case, the re shou ld be close monitoring o f so ils  used in  th is  fashion to  

assure th at deg radation is  not  oc cu rring  because the na tion alread y has a 

seriou s so il  erosion problem (GAO, 1977; SCS, 1977). In the case of  fo re st  

biomass destined fo r convers ion to  alcoh ol , it s  harves t w il l have less 

environmental impact from so il erosion and wate r ru no ff  compared wi th  crop 

res idu es , as long as conse rvation  prac tic es  in  cu ltu ring  and harvestin g 

are used. The envi ronmental  problem with  fo re sts , however, has not been 

inve st igated  we ll and requ ires a great deal o f research before any major 

program is  considered in  using fo re st residues and products  fo r ethanol 

production (Pimentel at  a l. ,  1379; Pimentel e t a l . ,  IScOb).

Production o f alcohol frcm biomass must be considered on a regiona l 

basis . Ge nera lly , those regions with  the  most favorab le growing cond itio ns
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should have the gre ates t quan tit ies o f res idue av aila ble . Crop residues,  

fo r example, fo r  use in  alcoho l produc tion.are av ai lable in  the major 

grain -grow ing  areas. Likew ise , regions v e il  endowed with  fo rests should 

be id e n ti fi e d  with  wood conversion  fa c il it ie s .

C ellu lo sic  biomass, esp ec ia lly  fo re st  products,  has a lower po tent ia l 

loss from pests and spo ilage than gra in and sugar crops and 1s capable o f 

lon ger storage under les s rigoro us co nd itio ns  than crop produc ts.

Bethanol Production from Coal

Methanol productio n from coal can be prac tic ed  on a large  commercial 
scale using known techno log ies  o f coal gas if ic a tion  and methanol-^ 

syn thesis  (Morel and Yim, 1977; DOE, 1978; Schrein er,  1973; Bai ley,  1979; 

Kasera, 1979). Such processes could be 1n pro duction as early  as 1935 

with  su ita ble ince nt ives .

Several va ria nts have been eva lua ted by DOE (DOE, 1978; Schrein er,

1973). One example would be convers ion o f li g n it e ,  using  the  Koppers- 
2/Totzek gasif ic a tion system coupled w ith  the  IC I-  methanol production process 

(Anonymous, 1977b). Process e ff ic ie ncy  is  considered to  ba ..bout 502.

For a ty p ic a l case,  the proposed p la nt has a capa cit y o f 5,600 tons- 

per day methanol or about <3,000 bb ls/day (SRI, 1978) , Coal 

consumption is  19,000 tons per day o f which 4,700 are consumed fo r plan t 

use and 14,300 are processed to  methanol. Si ted near a coal mine, to ta l 

ca pita l investment would be about $1 b il li o n  with  1002 eq ui ty  fin an cing .

K ith  coal co st ing $8.40 per to n, the  s e ll in g  pr ice o f methanol would be 

$0.57 per ga llon fo r 152 DCF (Table 3).

1 / Methanol can be converted d ir e c tl y  to  caso line ew.pleying >.ie riTG process
(raise! a t a l . ,  1975; Lae e t a l . ,  1930).

2/  Imperia l Chemical In dus tr ie s.
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A second example presented in  Table 3 1s the use o f I ll in o is  #6 

coal to  produce 7,300 tons o f methanol per day or about 55,000 bb ls, 

by a Texaco pa rt ia l ox idat ion gas if ic a tion  system coupled to a Chem System 

methanol convers ion synthesis process (SRI, 1978), K ith  ’ ’ 

coal costing  $29.40 per ton,  the cos t o f methanol is  $0.53 per ga llon at 

1002 eq ui ty .

Other more de ta ile d est imates fo r manufac turing costs o f methanol have 

•  been made by co nt ractors o f DOE (SRI, 1979}, The methanol cos ts

are estimated to  li e  in  the range o f about $0.20/ga1 fo r  an op tim is tic  

case (invo lv in g m ajo ri ty  debt fin an cing ) to  $0 .50/gal fo r a more re a li s ti c  

case (invo lv in g 1002 eq uity  fin ancing) . This range corresponds to  $0.40 

to  $1.00 per gasolin e equiv alen t ga llon.

The use o f methanol end ethanol as blends with  gasoline causes problems 

in  automotive engine opera tion (DOE, 1979a)-; methanol re su lts  in  more 

engine problems than eth anol.

Po tent ia l environmental problems associated with  coal conversion to 

methanol are a major concern (NAS, 1979). These environmental impacts 

inclu de : ag ri cu ltu ra l and fo re st land damage; a ir  and water po llu ti o n ; water 

use in  wa ter-s ho rt region s;  and degradation in  na tura l biota . The tra de ­

offs  between lower methanol productio n costs from coal and the po tent ia l 

environmental impacts must be ca re fu lly  weighed.



Table 1. Energy Balance fo r  Eth ano l rrod uc cien ir o n  u o rn .-

Thousand BTU /cal lc r, -^

Consuned

Best
A va ila b le  Techno lony  

High Q ua li ty  
P lant  Fuel

Future 
Coal-Fueled 

Plant

Fe rm en ta tio n/  . 
d is t il la t io n ^ - ' 69

»/ ” 'Fa rm ing-  45 45

Tota l -114  .45

Produced

Eth ano l 76 (1 30 )^  7S (1 3 0 )- /

By-prod uc t ,
Animal  FeecP 11 11

H va lue  o f  cro p
residu e L / 3 3

+90 -( + 144)^  +90 (+ 144)- /

he t -24 ( + 3 0 ) + 4 5

R ef inery  C re d it  -:-3________ -:8

-15 (+ 3 0 )^  +53 (+ ;3 ) -Z

a./ Com is  the gra in  cro p used fo r  th is  example because i t  is  the  most common 
fo od .c ro p used to  produce e th ano l.  Other  g ra in  and sugar crops co uld  be 
u ti li z e d  fo r  etha no l pr od uc tio n b u t,  l ik e  co m , a l l  re qu ire  a s ig n if ic a n t 
ene rgy in pu t ro r  c u lt u re  (P im ente l,  1980) and s im il a r  ene rgy inpu ts  in  
the v e m e n ta ti o n /d is ti ll s ti o n  pro cess (E .J . Honchan, 1979, personal 
com munication, P fi z e r In c . ) ,

b / For co nsis te ncy,  a l l  he at ing va lue s are expre ssed as LKV (lo w he at ing values)

c / Energy in pu ts  ro r  '. • .r m e n ta ti o n /d is ti ll n ti c n  va ry  depend ing on si ze o f p la n t 
and tec hn olo gy  employed -nd the se  range fro m <0,000  to  148,000 3TU (S ch e lle r,  
and Ib ii r ,  1975; R e il ly ,  1973; “ atz en, 1973; David  a t a l . ,  1978; ACR, 1973; 
COE, 1979b; h' er tz r.a rk , 1979; i.'e isz and ii a rs h a ll , 1979; Chambers e t a l . ,
1579) . ro r  a modern u0 m il li o n  ga llon  pe r year etha no l p la n t about a 59,090 
S ill  inpu t is  ca lc u la te d  pe r ga llo n o f  etha no l produced us ing  vap or 
recompression ev ap orators (about  100 BTU/lb o f  fa  te r  evapora ted ) (E .<3.
1979, Personal co i.ou .i ic a tion , P fi z e r  In c . ) .
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Table 2. Estimated Av ailab le Cellu lo si c Biomass and it s  Po tent ia l fo r
Ethanol Production fo r a ft e r  1935.

Amount Av ai lable Ethanol Production-
(m ill io n  dry  ton) (b il li o n  gal alc ohol)

Com-^ 15 1.2

; Uh ea t^ . 9 0,7

Forest Biomass
-

d/
l.'ood as Residues 120 9.3

.Fue l wood prod uc tion? / 120 9.3

a/ The yie ld s In alcoho l li s te d  below ere estimated y ie ld s by Charles Cooney 
and Jack Spurlock . The energy cos ts fo r  co lle c ti o n , transporta tion , end 
fe r t il iz e r  replacement o f the nutr ie n ts  removed with  the biomass ere not 
inc luded In the  ethanol production.

b/ Corn res idue values were taken from Table  3A o f "The Report o f the  Alcohol 
“  Fuels Folic y Review: Raw Mater ia ls  A v a il a b il it y  Report"  DOE/ET-Ol 14/1 ,

Sept. 1279. I t  was assumed th at 702 o f the res idue could be removed from 
202 o f the  land curr ently used fo r corn.

. £ / :".eat residu e,  the la rg est  o f smell gra ins  residue,  values ■ are t - ’.en from 
the same Table as in  b /.  I t  was assumed th a t 432 o f the residue could he 
reroved from 252 o f the land used fo r wheat.

d/  Fra nkl in , 1573; J.  Zerfce, 3978, L'SDA-Forest Se rvice ,

£ /  I t  is  assumed th a t the  CO m il li o n  -eras o f fo re st land could be convertad 
in to  fuel  wood farms with ou t se riou sl y a ffec ting  Forestry produc tion  
(Pimente l e t a l . ,  1978). The y ie ld  was assumed to  be 2 tons per acre per 
year .
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Table 1, footno tes,  continued.

AJ Assured to  be zero because coal is  su bs tit ut ed  fo r o il  and gas.

e/  Energy inp uts  fo r ra is in g corn vary depending on the  technology employed, 
so il q u a li ty , r a in fa ll ,  pest attack , and othe r fa c to rs .R epo rt ed  energy 
inputs  fo r corn production pro rated per ca llo n o f ethanol range from 
35,000 to  74,000 BTU (S ch el ler and ftoh r, 1976; ACR, 1978; R e il ly , 1978; 
DOE, 1979b; Her tz ra rk , 1979; 1,'eisz and Ma rsh all , 1979; Chambers et  a l. ,  
1979). An average energy inp ut  fo r corn used to produce a ga llon o f 
ethanol is  at le ast  45,000 BTU (Pimentel and Pimentel,  1979).

f /  The value in  brackets  assumes a mechanical equiv alency, i . e . ,  th at a 
ga llon o f gasohol w il l move an automobile as fa r  as a ga llon o f gasoline.
A ga llon o f gasolin e has an equiv alen t o f 115,000 BTUs or  as an equiv ale nt 
o f crude o il  is  130,000 BTUs. A seriou s question exist s concern ing the 
assumption th at a mechanical equiva lency o f gasohol as gasoline exi st s.

£ / Energy c re d it  is  taken fo r d is t il le r s ' gra in s, which are produced as a 
by-p roduct  and used fo r animal feed. Reports o f cre d its range from 1,000 
to 52,000 BTU per ga llon produced (S ch el ler and Mohr, 1976; DOE, 1979b; 
He rtz ra rk , 1979; Ueisz and Ma rsh all , 1979; Chambers et  a l. ,  1979). For a 
50 m il lio n  ga llo n per year ethanol plan t with  a we l1-designed dry ina  
f a c il it y ,  a c re d it  o f about 11,000 BTU was ca lcu lated

h/ Crop residue conta ins  about 1? n itr ogen, 0.12 phosphorus, 0.92 potassium, 
0.62 calc ium (NAS, 1978). Energy value as fe r t i l i z e r  was ca lcu lated to 
be 3.000 BTU.
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L ig n it e  Conve rsio n to  Methanol at $8 .40/ to n

S /q a llo n 1930

M ate ria ls  0.0 9 ;

Labor 0.06
U t i l i t ie s  0.01
Oth er Ope ratin g Costs 0.14

07317
Return on Investm ent a t 0.6 7 = $1 0.4C/mi 11 ion BTU

15% (DCF*)

Bitum inous to  Methanol a t $2 9.40 /to n

S /g a llo n 1930

M ate ria ls
Labor
U t i l i t ie s
Oth er Op erat ing Costs

Retu rn on Inv es tment a t 
15% (DCF*)

0.14
0.04
0.01
Q.09
0728
0.53 = $ 8 .2 7 /m il li o n  BTU

-D isc ounte d Cash Flow-
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Figure 1. Manufacturing Costs* o f Corn to  Ethanol Based on Best Ava ilable* ***
Technology (E .J.  ffonchan, Dec. 1979, Personal communication, Pfiz er  In c. ) 
Ethanol pr ice is  $1 .39 /cal ( before by-p roduct anir .al feed c re d it )'-*

ilu sis -  Plan t s iz e: 50 m il li o n  ga llons eth anol/y r 
Fuel: Coal 0 $25/ton

Fixed Capita l Investment -  $75 m il li o n
ctur ing cost on ly -  p ro fi t not inc luded

Cy -PiOdrct .- J ii  ic u ld  ’ e as high  . s 5"  . "? (P .A . : jl t :n ;c > ,  ‘ -is el c c r .- n ic a ti c n  
Cow F a t. ,- id s  • .•.ni..--_l Scien ce , i . \ , . .c ll  Pec. i9 '/2

u"-'-'-'Eest Av ai lable technology ' fin ed  as t h e *  te n c ia ll y  ..-.js t ^ , 'f e c tl  ; .,.d -ccessVole 
. technology through i-_ 5.
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AP PE ND IX 2

DRAFT
J u ly  26 , 19 80

D ep ar tm en t of Energy 
W as hi ng ton,  D.C. 20 58 5

MEMORANDUM FOR THE SECRETARY

FROM: B e r t G r e e n g la s s , A c ti n g  D i r e c to r
O f f ic e  o f  A lc o h o l F u e ls

SUBJECT: OAF R esp onse  to  R e p o rt o f th e  E ner gy  R e se a rc h
A d v is o ry  B oar d  on G aso ho l

A tt a c h e d  i s  th e  O f f i c e  o f  A lc o h o l F u e l s ' r e s p o n s e  to  th e  E ner gy  
R e se a rc h  A d v is o ry  B oar d (ERAB) G aso ho l R e p o rt o f  A p r i l  29 , 1980  
As d i r e c t e d ,  t h i s  O f f ic e  h as c o n d u c te d  a re v ie w  o f  th e  ERAB 
G aso ho l R ep o rt  an d h a s  re sp o n d e d  in  d e t a i l  t o  th e  ERAB R e p o r t 's  
re co m m e n d a ti o n s . T h is  re s p o n s e  was  p re p a re d  w i th  in f o r m a t io n  
an d a s s i s t a n c e  from  th e  S o la r  E ner gy  R e se a rc h  I n s t i t u t e  (S E R I) , 
th e  N a t io n a l  A lc o h o l F u e ls  C om m is si on , th e  N a t io n a l  G aso h o l 
C om m is si on , th e  N a t io n a l  A lc o h o l F u e l P ro d u c e rs  A s s o c ia t io n ,  
EG&G Id a h o , I n c . , C o n g re s s io n a l  s t a f f ,  an d s e v e r a l  o t h e r  g ro u p s  
an d i n d iv i d u a l s .

The p r i n c i p l e  c o n c lu s io n s  o f th e  O f f ic e  o f  A lc o h o l F u e ls  a r e  as  
f o l l o w s :

1.  The N a t io n a l  A lc o h o l F u e ls  Pro gra m  can  an d w i l l  m ee t 
th e  A d m i n i s t r a t i o n 's  e th a n o l  p r o d u c t io n  g o a l s ,  a s  w e l l  
as th o s e  s e t  by C o n g re ss  in  th e  E ner gy  S e c u r i t y  A ct
o f 1980 (P .L . 9 6 -2 9 4 ) . The ERAB G aso h o l S tu d y  G ro up  
e s t im a te s  f o r  19 85  e th a n o l  p r o d u c t io n ,  w hic h f a i l  
to  ta k e  i n to  a c c o u n t s i g n i f i c a n t  A d m in is t r a t io n  an d 
C o n g re s s io n a l  i n i t i a t i v e s ,  a r e  so  c o n s e r v a t iv e  t h a t  
on e I l l i n o i s  comp any a lo n e  e x p e c ts  to  p ro d u c e  th e  ERAB 
S tu dy  G ro u p 's  19 85  p r o d u c t io n  e s t im a te  by th e  en d o f 
1981.

2 . P ro d u c t io n  o f  e th a n o l  fr om  b io m a ss  i s  c o m m e rc ia ll y  
a v a i l a b l e  an d in  w id e sp re a d  o p e r a t io n  th ro u g h o u t  th e  
c o u n tr y  to d a y . The g ro w in g  a lc o h o l  f u e l  in d u s t r y  i s  
a l r e a d y  r e d u c in g  o u r d ep en d en ce  on  im p o rte d  o i l  th ro u g h  
in c r e a s in g  d o m e s ti c  e th a n o l  p r o d u c t io n .  On th e  o t h e r

(131)
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hand, w h il e  m eth a n o l p ro d u c t io n  fr om  c o a l lo o k s  a t t r a c ­
t iv e  to  th e  ERAB G asohol S tu dy Gro up  and o i l  co mpanies 
su ch  as M o b il  O i l ,  w h ic h is  in v o lv e d  in  th e  m e th ano l to  
g a s o li n e  p ro c e s s , i t  is  an unpro ven  te c h n o lo g y  o n ly  now 
a p p ro a ch in g  th e  e v a lu a t io n  and  d e m o n s tr a ti o n  s ta g e  in  
th e  U .S . U n t i l  a c c e p ta b le  p la n t  r e l i a b i l i t y  and  exte nded  
o p e ra t in g  e x p e ri e n c e  a re  a ch ie ve d  w it h  m eth a n o l fr om  
c o a l,  p ro d u c t io n  c o s t  e s ti m a te s  a re  n o t c r e d ib le .  W h ile  
m eth ano l as an a lc o h o l has p ro m is e  as a h ig h  g ra de  l i q u id  
f u e l ,  th e  G aso ho l R epo rt  used a ssu m p tio n s  and  o u td a te d  
in fo rm a t io n  to  n e e d le s s ly  p i t  one a lc o h o l f u e l  a g a in s t  
th e  o th e r .  B o th  e th a n o l and  m eth a n o l a re  needed  t o  ba ck  
th e  n a t io n  o u t  o f  th e  fo re ig n  o i l  b a r r e l .

4
3.  Many te c h n o lo g ic a l and  e n e rg y -s a v in g  adva nce s in  e th a n o l 

p ro d u c t io n  p ro ce sse s  a re  o c c u r r in g  a t  an a c c e le ra t in g  pace .
The  O f f ic e  o f  A lc o h o l F ue ls  is  w o rk in g  w it h  e th a n o l p ro d u c e rs  
in  many p a r ts  o f  th e  c o u n tr y  who a re  r e a l i z in g  s u b s ta n t ia l
ene rg y  g a in s  now and e xp e c t ev en g re a te r  e f f i c ie n c ie s  in  th e  «
nea r te rm . W ith  th e se  advances, th e  n e t e ne rg y  b a la n ce  o f
a lc o h o l f u e l  p ro d u c t io n  w i l l  c o n t in u e  to  im p ro ve . The O f f ic e
o f A lc o h o l F ue ls  c a lc u la te s  th a t  ea ch  g a ll o n  o f  d o m e s ti c
e th a n o l p ro duced  w i l l  p e rm it  a r e d u c t io n  o f  a t  le a s t  1 .5
g a ll o n s  o f  im p o rt e d  c ru de  o i l  —  th re e  ti m e s  th e  ERAB f ig u r e .

4.  The  A d m in is t r a t io n 's  e th a n o l p ro d u c t io n  g o a ls  ca n be me t 
w it h o u t  an a d ve rs e  e f f e c t  on fo o d  s u p p li e s  o r  p r ic e s .  There  
a re  s ig n i f i c a n t  o p p o r tu n it ie s  to  us e a g r i c u l t u r a l  and fo o d  
p ro c e s s in g  w aste  p ro d u c ts  and to  d e ve lo p  h ig h - y ie ld  energ y 
c ro p s  f o r  s u b s ta n t ia l p ro d u c t io n  o f  e th a n o l,  th e re b y  re d u c in g  
c o s t  to  th e  co nsu m er.  F u r th e r ,  th e  e th a n o l fr om  g ra in  
p ro ce ss  p ro duces v a lu a b le ,  p r o t e in - r i c h  c o -p ro d u c ts  w h ic h  
a re  s u it a b le  f o r  e x p o r t  and  d o m e s ti c  use .

5.  F a rm -s ca le  e th a n o l p ro d u c t io n  ca n s tre n g th e n  th e  fa m il y  fa rm  
by g e n e ra t in g  a s te a d y  ca sh  f lo w  to  fa rm e rs  w h il e  p ro v id in g  
an u n in t e r r u p t ib le  s u p p ly  o f  h ig h -g ra d e  l i q u id  f u e l  to  po wer  
fa rm  m ach in e ry  le a d in g  to  th e  e v e n tu a l l i q u id  f u e l  in d e p en ­
de nce so  much d e s ir e d  by  th e  fa rm in g  co m m unity . As a r e s u l t  
o f  th e  A d m in is t r a t io n 's  e th a n o l p ro g ra m , in t e r r u p t io n  in  
im p o rt e d  o i l  d e l iv e r ie s  w i l l  n o t s e r io u s ly  in t e r r u p t  d o m e s ti c  
fo od  s u p p li e s  to  consu m ers . Farms p ro d u c in g  e th a n o l can 
le s s e n  th e  im p ac t o f  r i s in g  e n e rg y  p r ic e s  on  th e  c o s t  o f 
t h e i r  p ro d u c ts ,  th u s  ke e p in g  fo o d  p r ic e s  to  th e  co ns um er  a t  
an a c c e p ta b le  le v e l .
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In  i s s u in g  i t s  G aso ho l R e p o r t,  th e  ERAB G aso h o l S tu d y  Gro up  
f a i l e d  t o  ta k e  i n to  a c c o u n t s e v e r a l  e v e n ts  w hic h  o c c u r r e d  d u r in g  
th e  i n te r v e n in g  p e r io d  b e tw een  th e  f i r s t  d r a f t  an d f i n a l  r e p o r t .  
Th e f o l lo w in g  e v e n t s ,  w hic h  hav e s u b s t a n t i a l  im p a c t on  a lc o h o l  
f u e l s  d e v e lo p m e n t,  o c c u r re d  d u r in g  t h i s  t im e :

1 . On J a n u a ry  1 1 , 1980 , th e  P r e s i d e n t  announced  a 
c o m p re h en s iv e  N a t io n a l  A lc o h o l F u e ls  Pro gra m  t o  
a c c e l e r a t e  d o m e s ti c  p r o d u c t io n  o f  a lc o h o l  f u e l s  
from  b io m a ss . Th e Pro gra m  s e e k s  t o  q u a d ru p le  
J a n u a ry  19 80  a lc o h o l  p r o d u c t io n  c a p a c i ty  by  th e  
en d o f  1980 , an d s e t s  a t a r g e t  f o r  d o m e s ti c  p ro ­
d u c t io n  c a p a b i l i t y  o f  500  m i l l i o n  g a l l o n s  d u r in g

•  1981 .

2. On F e b ru a ry  1 4 , 1980 , th e  O f f i c e  o f  A lc o h o l F u e ls  
was c r e a te d  w i th in  th e  D ep art m en t to  p ro m o te  
e th a n o l  p r o d u c t io n  fr om  b io m a ss , an d t o  im p le m en t

•  th e  A d m i n i s t r a t i o n 's  A lc o h o l F u e ls  P ro gra m .

3.  On A p r i l  2 , 1980 , th e  C ru de O il  W in d fa ll  P r o f i t  
Tax A ct  o f  19 80  (P .L . 9 6 -2 2 3 ) wa s s ig n e d  i n to  
law by  th e  P r e s i d e n t .  Among o t h e r  i n c e n t iv e s ,  
th e  a c t  c o n ti n u e d  f o r  e i g h t  more y e a r s ,  fr om  1984  
th ro u g h  1 9 9 2 , th e  fo u r  c e n t  p e r  g a l l o n  f e d e r a l  
e x c i s e  ta x  e x em p ti o n  f o r  g a s o h o l ;  p ro v id e d  new 
in co m e ta x  c r e d i t s  f o r  a l c o h o l - g a s o l i n e  b le n d e r s ;  
and e x te n d e d  th ro u g h  19 85  t a x  c r e d i t s  f o r  a lc o h o l  
f u e l  p r o d u c t io n  e q u ip m e n t.

4.  The  E nerg y  S e c u r i t y  A ct o f  1980  (P .L . 9 6 -2 9 4 ) , 
c o n ta in in g  a d d i t i o n a l  f i n a n c i a l  i n c e n t iv e s  to  
s t i m u l a t e  a lc o h o l  f u e l s  fr om  b io m a ss  p r o d u c t io n ,  
was a d v a n c in g  th ro u g h  C o n g re ss  w it h  i n c r e a s in g  
a s s u r a n c e  o f p a s s a g e .

5.  Demand f o r  g a s o h o l  a t  th e  pump s t e a d i l y  in c r e a s e d ,  
w it h  th e  nu m be r o f  s e r v i c e  s t a t i o n s  th ro u g h o u t  
th e  c o u n tr y  o f f e r i n g  g a so h o l to  m o to r i s t s  n e a r ly  
d o u b l in g .

W hil e  c o n d i t i o n s  a f f e c t i n g  d o m e s ti c  a lc o h o l  f u e l s  d e v e lo p m en t 
hav e changed  d r a m a t i c a l l y ,  a s  e v id e n c e d  by  th e  e v e n t s  d e s c r ib e d  
a b o v e , th e s e  c h an g e s  an d t h e i r  e x p e c te d  im p a c t on  th e  d e v e lo p ­
m en t and p r o d u c t io n  c a p a c i ty  o f  th e  g ro w in g  a lc o h o l  f u e l s  
in d u s t r y  w er e n o t m en ti o n ed  o r  f a c t o r e d  i n t o  th e  f i n d in g s  an d 
re co m m en d a ti o n s  o f  th e  R e p o r t,  w hic h wa s u n d e r ta k e n  on a q u ic k  
tu rn a ro u n d  b a s i s .  T h u s,  th e  ERAB R e p o r t,  w hic h was  b a se d  up on

•  d a ta  a v a i l a b l e  p r i o r  to  Dec em be r 1 9 79 , wa s s i g n i f i c a n t l y  o u t
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o f  d a te  du e to  C o n g r e s s io n a l and A d m in is tr a t io n  a lc o h o l  f u e l s  
i n i t i a t i v e s  w hic h o c c u rr e d  in  th e  f i r s t  fo u r  mon ths o f  19 80.
F or t h i s  r e a s o n , o f f i c i a l  en d ors em en t o f  th e  ERAB R ep o rt o r  
su p p o rt o f  th o s e  f in d in g s  and  re co m m en dati on s w hic h a re  in co n ­
s i s t e n t  w it h  th e  A lc o h o l F u e ls  Pr og ra m  c o u ld  i n t e r f e r e  w it h  
a tta in m e n t o f  th e  P ro gra m ’ s e th a n o l p r o d u c t io n  c a p a c i t y  g o a l s .

B e s t  a v a i l a b l e  te c h n o lo g y  i s  c o n t in u in g  to  change w it h  im p ro ve­
m en ts  o c c u r r in g  a lm o s t d a i l y  th ro u g h o u t th e  a lc o h o l  f u e l  p ro ­
d u c t io n  c y c l e .  T h is  i s  n ot a l l  h ap p en in g  a t  th e  d i r e c t i o n  o f  
th e  F e d e r a l Gov er nm en t o r  th e  m a jo r c l i e n t s  o f  th e  D ep art m ents  
in v o lv e d .  The A m er ic an  p e o p le  hav e a c c e p te d  th e  c h a l le n g e  
m ea su re d by  th e  r i s i n g  c o s t  o f  im p o rt ed  p e tr o le u m  and  a re
d e te rm in e d  t o  e s t a b l i s h  v i a b l e  l i q u i d  f u e l  a l t e r n a t i v e s .  4

We w i l l  k eep  b o th  yo u and th e  ERAB in fo rm ed  o f  th e  p r o g r e s s  in  
re a c h in g  ou r p r o d u c t io n  g o a ls  e s t a b l i s h e d  by  th e  A d m in is tr a t io n  
and  th e  C o n g re s s .

•
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BACKGROUND

The G aso hol S tu d y  Gro up  o f th e  E n erg y  R e se a rc h  A d v is o ry  
B oa rd  (ERAB) was  h a s t i l y  convened  a t  t h e  r e q u e s t  o f  th e  
Und er  S e c r e t a r y ,  an d met  f o r  tw o d a y s , on  Dec em be r 10  an d 11 , 
1979. By a l l  a c c o u n ts , t h e  S tu d y  Gro up  a g re e d  up on  a nu mbe r 
o f  f i n d in g s  an d re co m m en d a ti o n s a t  th e  tw o day  m e e ti n g , an d 
i s s u e d  a d r a f t  r e p o r t  tw o d ay s  l a t e r ,  on  Dec em be r 13 , 19 79 .
L ess  th a n  f i v e  m onth s l a t e r ,  on  A p r i l  29 , 1980 , t h e  S tu d y  
Gro up  s u b m it te d  i t s  f i n a l  G aso ho l R e p o rt t o  ERAB C hai rm an  
Dr.  So lo mon  J .  Buc hs ba um  w it h  o n ly  m in or r e v i s i o n s .  The ERAB 
R e p o rt c o n c lu d e d  t h a t  e th a n o l  p r o d u c t io n  w ould  p r o b a b ly  re a c h  
o n ly  2 0 0 -3 00  m i l l i o n  g a l l o n s  p e r  y e a r  by  1985 , a t  t h a t  r a t e  
d i s p l a c i n g  l e s s  th a n  one p e r c e n t  o f  p r o j e c te d  U .S . g a s o l in e  
c o n su m p ti o n . Th e R e p o r t a l s o  c o n c lu d e d  t h a t  by  u t i l i z i n g  th e  
" b e s t  a v a i l a b l e "  t e c h n o lo g y  e x p e c te d  b e tw een  now an d 1985, t h e  
n e t  e n e rg y  b a la n c e  i s  a b o u t z e ro  f o r  e th a n o l  p ro d u c ed  from  c o rn  
an d o th e r  c ro p s  in  f e r m e n t a t i o n / d i s t i l l a t i o n  p l a n t s  f u e le d  by  
p e tr o le u m , b u t  t h a t  i f  su ch  p l a n t s  w er e f u e le d  by  c o a l  o r  wo od , 
e ach  g a l l o n  o f  e th a n o l  p ro d u c ed  c o u ld  s a v e  ro u g h ly  0 .5  g a l l o n s  
o f  o i l .  The R e p o rt re c o g n iz e d  t h a t  g a so h o l te c h n o lo g y  i s  in  a 
c o n ti n u o u s  s t a t e  o f  f l u x ,  b u t  i s  b e in g  c o n t in u o u s ly  im pro ved  
b y  r e s e a r c h  i n  many a r e a s .  I t  made s p e c i f i c  f i n d in g s  an d 
re co m m en d a ti o n s  on  a w id e  ra n g e  o f  i s s u e s ,  i n c lu d in g  g a so h o l 
e n e r g e t i c s  an d e c o n o m ic s , im p a c t on  fo od an d th e  e n v ir o n m e n t,  
p r o d u c t io n  g o a l s ,  f o r e s t r y  an d a g r i c u l t u r a l  r e s i d u e s ,  an d 
m e th a n o l from  c o a l .

In  i s s u i n g  i t s  G aso hol R e p o r t,  t h e  ERAB G aso h o l S tu d y  Group  
f a i l e d  t o  t a k e  i n t o  a c c o u n t s e v e r a l  e v e n ts  w hic h  o c c u r r e d  
d u r in g  t h e  i n te r v e n i n g  p e r io d  b e tw ee n  i s s u a n c e  o f  t h e  f i r s t  
d r a f t  an d s u b m i t t a l  o f  t h e  f i n a l  R e p o r t.  Th e fo l lo w in g  e v e n t s ,  
w hic h  h av e  s u b s t a n t i a l  im p a c t on a lc o h o l  f u e l s  d e v e lo p m e n t,  
o c c u r r e d  d u r in g  t h i s  ti m e :

1 . On J a n u a ry  11 , 19 80 , t h e  P r e s i d e n t  an n o unced  a com pre ­
h e n s iv e  N a t io n a l  A lc o h o l F u e ls  P ro gra m  t o  a c c e l e r a t e  dom ­
e s t i c  p r o d u c t io n  o f  a lc o h o l  f u e l s  from  b io m a s s . The 
p ro g ra m  se e k s  t o  q u a d ru p le  J a n u a ry  19 80  a lc o h o l  p r o d u c t io n  
c a p a c i t y  b y  t h e  en d o f  1980 , and  s e t s  a t a r g e t  f o r  d o m e s ti c  
p r o d u c t io n  c a p a b i l i t y  o f  500 m i l l i o n  g a l l o n s  d u r in g  1981.
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2 . On F e b r u a r y  14 , 1980 , t h e  S e c r e t a r y  o f  E n e rg y  c r e a t e d  an
O f f i c e  o f  A lc o h o l  F u e l s  t o  p ro m o te  e t h a n o l  p r o d u c t i o n  fr om  
b io m a s s ,  an d  t o  im p le m e n t t h e  A d m i n i s t r a t i o n 's  A lc o h o l  F u e ls  
P ro g ra m .

3 . On A p r i l  2 , 1 980 , t h e  C ru d e  O il  W i n d f a l l  P r o f i t  Ta x A ct
o f  1980 ( P .L . 9 6 -2 2 3 )  was  s i g n e d  i n t o  la w  by  t h e  P r e s i d e n t .
Among o t h e r  i n c e n t i v e s ,  t h e  a c t  c o n t i n u e d  f o r  e i g h t  m o re  
y e a r s ,  fr o m  19 84 th r o u g h  1 9 9 2 , t h e  f o u r  c e n t  p e r  g a l l o n  
f e d e r a l  e x c i s e  t a x  e x e m p tio n  f o r  g a s o h o l ;  p r o v id e d  new i n ­
co me t a x  c r e d i t s  f o r  a l c o h o l - g a s o l i n e  b l e n d e r s ;  an d  e x te n d e d  
t h r o u g h  1 985  i n v e s tm e n t  t a x  c r e d i t s  f o r  a l c o h o l  f u e l  p r o ­
d u c t i o n  .

♦
4 . The  E n e rg y  S e c u r i t y  A c t o f  1 980  ( P .L .  9 6 - 2 9 4 ) ,  c o n t a i n i n g  

a d d i t i o n a l  f i n a n c i a l  i n c e n t i v e s  t o  s t i m u l a t e  a l c o h o l  f u e l s  
fr o m  b io m a s s  p r o d u c t i o n ,  w as  a d v a n c in g  t h r o u g h  C o n g r e s s  w i th  
i n c r e a s i n g  a s s u r a n c e  o f  p a s s a g e .

*
5 . Demand f o r  g a s o h o l  a t  t h e  pu mp s t e a d i l y  i n c r e a s e d ,  w i t h  t h e  

num ber o f  s e r v i c e s  s t a t i o n s  t h r o u g h o u t  t h e  c o u n t r y  o f f e r i n g  
g a s o h o l  t o  m o t o r i s t s  n e a r l y  d o u b l i n g .

W h il e  c o n d i t i o n s  a f f e c t i n g  d o m e s t i c  a l c o h o l  f u e l s  d e v e lo p m e n t  
h ad  c h a n g e d  d r a m a t i c a l l y ,  a s  e v id e n c e d  b y  t h e  e v e n t s  d e s c r i b e d  
a b o v e , t h e s e  c h a n g e s  an d  t h e i r  e x p e c t e d  im p a c t  on  t h e  d e v e l o p ­
m en t and  p r o d u c t i o n  c a p a c i t y  o f  t h e  g r o w in g  a l c o h o l  f u e l s  
i n d u s t r y  w e re  n o t  m e n t io n e d  o r  f a c t o r e d  i n t o  t h e  f i n d i n g s  a n d  
re c o m m e n d a t io n s  o f  t h e  R e p o r t ,  w h ic h  w as  u n d e r t a k e n  on  a  q u ic k  
t u r n a r o u n d  b a s i s .  T h u s , t h e  ERAB R e p o r t  w as  b a s e d  u p o n  d a t a  
a v a i l a b l e  p r i o r  t o  D ecem ber 1979  t h a t  w as  s i g n i f i c a n t l y  o u t  o f  
d a t e  d u e  t o  A d m i n i s t r a t i o n  an d  C o n g r e s s i o n a l  i n i t i a t i v e s  i n  t h e  
f i r s t  f o u r  m o n th s  o f  1 9 8 0 .

F o l lo w in g  t h e  r e l e a s e  o f  t h e  ERAB G a s o h o l R e p o r t , o n  May 1 ,
1 9 8 0 , i n  a m em or an du m  t o  t h e  S e c r e t a r y  fr o m  E. S te v e n s  P o t t s ,  
t h e  O f f i c e  o f  A lc o h o l  F u e l s  (OAF) e x p r e s s e d  i t s  i n i t i a l  c o n ­
c e r n s  r e g a r d i n g  t h e  c o m p o s i t i o n  o f  t h e  S tu d y  G ro up  a n d  t h e  
o b j e c t i v i t y  a n d  s c i e n t i f i c  b a s i s  o f  i t s  R e p o r t .  D r . B uchsb au m  
f o rw a r d e d  t h e  ERAB R e p o r t  t o  S e c r e t a r y  D unca n  o n  May 2 , 1 9 8 0 .

On May 7 , 1 9 8 0 , t h e  S e c r e t a r y  a s k e d  t h e  A s s i s t a n t  S e c e t a r y  f o r  
C o n s e r v a t i o n  a n d  S o l a r  E n e rg y  t o  " d i r e c t  t h e  O f f i c e  o f  A lc o h o l  
F u e l s  t o  r e v i e w  an d  r e s p o n d  i n  d e t a i l  t o  t h e  R e p o r t 's  re co m m en ­
d a t i o n s  a n d  r e p o r t  b a c k  t o  m e . . . "  T he a t t a c h e d  r e s p o n s e  i n c l u d e s  
i n f o r m a t i o n  p r o v id e d  b y  t h e  S o l a r  E n e rg y  R e s e a r c h  I n s t i t u t e  
(S E R I) , C o n g r e s s i o n a l  s t a f f  m em b ers , t h e  N a t i o n a l  A lc o h o l  F u e l s  
C o m m is s io n , EG&G I d a h o ,  I n c . ,  t h e  N a t i o n a l  A lc o h o l  F u e l s  P ro d u ­
c e r s  A s s o c i a t i o n ,  a n d  s e v e r a l  o t h e r  g r o u p s  a n d  i n d i v i d u a l s .  •
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T he ERAB G a s o h o l R e p o r t  may  h a v e  a n e g a t i v e  im p a c t  o n  g o v e rn m e n t  
o f f i c i a l s ,  l o a n  a d m i n i s t r a t o r s  and  o t h e r  f i n a n c i a l  d e c i s i o n ­
m a k e rs  wh o may  n o t  h a v e  a d e q u a t e  k n o w le d g e  o f  t h i s  ne w i n d u s t r y  
t o  p u t  t h e  R e p o r t 's  f i n d i n g s  an d  l i m i t a t i o n s  i n  p r o p e r  p e r s p e c ­
t i v e .  T h e se  o f f i c i a l s ,  wh o r e l y  o n  t h e  g o v e rn m e n t  f o r  f a c t u a l  
i n f o r m a t i o n ,  may u s e  t h e  S tu d y  G r o u p 's  a p p a r e n t  a u t h o r i t y  a s  
an  e x c u s e  f o r  i n a c t i o n ,  t h u s  a d v e r s e l y  a f f e c t i n g  f a r m e r s ,  
s m a l l  f a rm in g  c o o p e r a t i v e s  and  b u s i n e s s e s  a t t e m p t i n g  t o  c o m p e te  
w i th  t h e i r  m o n ie d  r i v a l s  f o r  l i m i t e d  c a p i t a l  .

The  ERAB R e p o r t  w i l l  h a v e  l i t t l e  im p a c t  on  t h e  m a jo r  c o r p o r a ­
t i o n s ,  w h ic h  a r e  c u r r e n t l y  e x p a n d in g  t h e  e x i s t i n g  g a s o h o l  
m a r k e t .  S c i e n t i s t s ,  e n g i n e e r s ,  e c o n o m i s t s ,  an d  m a rk e t  a n a l y s t s  

< i n  t h e s e  c o m p a n ie s  a r e  c o m p i l in g  t h e i r  ow n d a t a  t o  e v a l u a t e
t h e  m a r k e t  v a l u e  o f  a l c o h o l  f u e l s .  As e v id e n c e d  b y  t h e  m a jo r  
e n e r g y  c o r p o r a t i o n s '  i n c r e a s i n g  i n t e r e s t  i n  a l c o h o l  f u e l s ,  
m an y b i g  c o m p a n ie s ,  s u c h  a s  T e x a c o  (w h ic h  h a s  m ad e a m a jo r  an d  
e x t r e m e l y  v a l u a b l e  c o n t r i b u t i o n  t o  t h e  n a t i o n ' s  g a s o h o l  p ro g ra m )

♦ an d  A s h la n d  O i l ,  a r e  p r o d u c in g  o r  e x p l o r i n g  t h e  f e a s i b i l i t y  o f
p r o d u c in g  t h i s  a l t e r n a t i v e  f u e l .

The  p u r p o s e  o f  t h i s  r e s p o n s e  i s  t o  p r e s e n t  OAF v ie w s  o n  s e v e r a l  
i m p o r t a n t  i s s u e s  d i s c u s s e d  i n  t h e  ERAB R e p o r t  an d  t o  c r i t i q u e  
t h e  R e p o r t  f a i r l y  and  a c c u r a t e l y .  I t  w as  a l s o  n e c e s s a r y  t o  
r a i s e  i s s u e s  n o t  a d d r e s s e d  b y  t h e  G a s o h o l S tu d y  G ro up  i n  o r d e r  
t o  p r e s e n t  t h e  f u l l  s t o r y  o f  a l c o h o l  f u e l s .  In  r e s p o n d i n g  t o  
t h e  ERAB R e p o r t ,  i t  i s  i m p o r t a n t  t o  r e c o g n i z e  t h e  p a r a m e t e r s  
an d  l i m i t a t i o n s  o f  t h e  S tu d y  G ro up  t h a t  d e v e lo p e d  t h e  G a s o h o l 
R e p o r t  an d  t o  s e e k  a com mon g ro u n d  and  p o s i t i v e  r e s u l t s .

MAJOR CONTRIBUTION OF THE ERAB REPORT

T he ERAB R e p o r t  c o r r e c t l y  h i g h l i g h t e d  s e v e r a l  i s s u e s  r e l a t i n g  t o  
a l c o h o l  f u e l s  p r o d u c t i o n ,  s u c h  a s  e n v i r o n m e n t a l  p r o t e c t i o n  an d  
t h e  p o t e n t i a l  l o s s  o f  t o p  s o i l ;  t h e  r e s p o n s i b i l i t y  t o  p r o v i d e  
f e e d  a n d  fo o d  t o  t h e  w o r ld  m a r k e t ;  t h e  n e e d  f o r  a d d i t i o n a l  i n v e s t  
m e n t p r o t e c t i o n  i n c e n t i v e s ;  an d  t h e  i n a d v i s a b i l i t y  o f  a d d i t i o n a l  
f i n a n c i a l  i n c e n t i v e s  b e y o n d  t h o s e  a l r e a d y  s i g n e d  i n t o  la w .
To t h i s  we w o u ld  i n c l u d e  m e a s u re s  r e l a t i n g  t o  a l c o h o l  f u e l s  
c o n t a i n e d  i n  t h e  E n e rg y  S e c u r i t y  A c t o f  1980  ( P .L . 9 6 - 2 9 4 ) .

SIGN IFIC AN T LIM ITA TIO NS  OF THE ERAB REPORT

The  OAF r e s p o n s e  o u t l i n e s  e i g h t  m a jo r  a r e a s  o f  t h e  ERAB R e p o r t  
w h ic h  c o u ld  b e  m i s l e a d i n g  a n d ,  i n  so m e c a s e s ,  f a c t u a l l y  i n c o r r e c t  
D e s p i t e  i t s  c o n t r i b u t i o n ,  t h e  G a s o h o l R e p o r t  d id  n o t  a d e q u a t e l y  
a d d r e s s :

A  1 . R e a l i s t i c  p r o d u c t i o n  e s t i m a t e s ;
2 . Food v e r s u s  f u e l  i s s u e s ;
3 . N e t e n e r g y  b a l a n c e  c o n s i d e r a t i o n s ;
4 . C u r r e n t  a n d  p r o j e c t e d  t e c h n o l o g i c a l  a d v a n c e s ;
5 . P o t e n t i a l  f o r  r e d u c in g  p r o d u c t i o n  c o s t s ;

a  6 . T he c r i t i c a l  n e e d  t o  r e d u c e  A m e r i c a 's  d e p e n d e n c e
on  im p o r te d  l i q u i d  f u e l ;

7 .  P ro b le m s  o f  m e th a n o l  c o m p a re d  t o  e t h a n o l  p r o d u c t i o n ;  an d
8 . V a lu e s  a n d  u s e s  o f  C 02-
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Th e R e p o r t 's  f la w s  c e n t e r  a ro u n d  th e  u se  o f  o u td a te d  in f o r m a t io n  
and  th e  a u th o r s ' p r e f e r e n c e  f o r  m e th a n o l p r o d u c t io n  from  c o a l  
a s  w e l l  a s  th e  c o n v e r s io n  o f  c e l l u l o s e  i n t o  e th a n o l .  F o r exam p le , 
no  r e f e r e n c e  wa s made to  th e  f a c t  t h a t  a m oder n , i n d u s t r i a l - s i z e d  
e th a n o l  p l a n t ,  u s in g  s t a r c h  o r  su g a r  f e e d s to c k s ,  c an  r e a d i l y  
ac co m m odat e th e  a l t e r n a t e  c e l l u l o s e  s u b s t r a t e  w i th  an  a d d i t i o n  
t o  th e  f r o n t  en d o f  t h e  p l a n t .  C e l lu lo s e  s im p ly  bec om es  a n o th e r  
s o u rc e  o f  fe rm e n ta b le  s u g a r s  to  be  p r o c e s s e d  th ro u g h  th e  e th a n o l  
p l a n t .  F a i l u r e  t o  in c lu d e  th e  f a c t  t h e  c e l l u l o s e  c o n v e r s io n  
t o  f e rm e n ta b le  s u g a r s  com ple m ents  th e  e x i s t i n g  e th a n o l  i n d u s t r y ,  
w h i le  im p ly in g  t h a t  m e th a n o l from  c o a l  an d e th a n o l  from  c e l l u l o s e  
a r e  p ro m is in g  t e c h n o l o g i e s ,  i s  p a r t i c u l a r l y  m is le a d in g .  In  
f a c t ,  i n c r e a s in g  p r o d u c t io n  o f  e th a n o l  fr om  s t a r c h  an d s u g a r s  
i s  d e v e lo p in g  a m ark e t f o r  a l l  a l c o h o l s ,  w h il e  p ro v id in g  an  
i n d u s t r i a l  b a se  f o r  c e l l u l o s e  c o n v e r s io n .

In  r e s p o n d in g  t o  t h e  ERAB R e p o r t,  i t  i s  im p o r ta n t  t o  r e c o g n iz e  
t h a t  a l th o u g h  th e  b a s i c  p r i n c i p l e s  o f  f u e l  a lc o h o l  p r o d u c t io n  
h a v e  b een  known f o r  c e n t u r i e s ,  many new t e c h n o lo g ie s  r e l a t i n g  
t o  t h e  p r o d u c t io n ,  f o r m u la t io n ,  and  u se  o f  f u e l  a lc o h o l  a r e  
c u r r e n t l y  i n  v a r io u s  s t a g e s  o f  d e v e lo p m en t an d im p le m e n ta t io n .
Th e t e s t i n g  an d c o m p i la t io n  o f  s c i e n t i f i c  d a ta  f o r  e th a n o l  
a r e  s t i l l  b e in g  p io n e e r e d  b y  e q u ip m en t m a n u f a c tu r e r s ,  p r o d u c e r s ,  
r e s e a r c h  l a b o r a t o r i e s ,  a s  w e ll  a s a t  c o l l e g e s ,  v o c a t i o n a l  
s c h o o ls  an d o th e r  i n s t i t u t i o n s .

Th e e d u c a t io n a l  p r o c e s s  now o c c u r r in g  i n  t h e  fa rm in g , b u s i n e s s ,  
i n d u s t r i a l  an d a ca d em ic  w o rl d  w i l l  d e v e lo p  th e  c u r r e n t  an d 
em erg in g  body  o f  k n o w le d g e  o f  a lc o h o l  f u e l s  i n t o  a new f i e l d  
o f  a p p l i e d  s c i e n c e .  U n t i l  t h a t  h a p p e n s , o p in io n s  and  p r o j e c t i o n s  
r e g a r d in g  f u e l  a lc o h o l  t e c h n o lo g ie s  w i l l  be o n ly  a s  s t r o n g  o r  
a s  v a l i d  a s  th e  r e s e a r c h  on w hi ch  th e y  a r e  b a se d  an d th e  a c t u a l  
d e m o n s tr a t io n  o f  t h e  te c h n o lo g y . T h is  i s  w h ere  a d v an c es  in  
t h e  a r e a s  o f  a lc o h o l  f u e l s  d i f f e r  c o n s id e r a b ly  from  o th e r  
l i q u i d  f u e l  t e c h n o l o g i e s .  T her e  a r e  th o u s a n d s  o f  c o n v e n t io n a l  
a s  w e ll  a s  " fa rm , b a se m e n t an d b a c k y a rd "  l a b o r a t o r i e s  an d de mon ­
s t r a t i o n  s i t e s  th r o u g h o u t  th e  c o u n tr y  v ti e re  e f f o r t s  a r e  underw ay  
t o  im pro ve th e  te c h n o lo g y .

R e c o g n iz in g  t h a t  t h e r e  a r e  s t i l l  to o  fe w e x p e r t s  in  th e  f i e l d  
an d t h a t  o u r  c u r r e n t  know le dge i s  n o t  y e t  a d e q u a te  t o  p r e d i c t  
t h e  f u t u r e  o f  a lc o h o l  f u e l s  w it h  c o m p le te  c o n f id e n c e ,  i t  i s  
in cu m b en t on  e v e ry o n e  to  s u r f a c e  an d d i s c u s s  i s s u e s  an d 
c o n c e p ts  i n  a m an ner t h a t  a d v an c es  s c i e n c e  an d b e n e f i t s  th e  
n a t i o n .  T h a t i s  th e  s p i r i t  i n  w hic h  t h i s  OAF re s p o n s e  t o  t h e  
ERAB R e p o rt was  p r e p a r e d .



139

1 .  RE AL ISTIC PRODUCTION ESTIMATES

Th e ERAD R e p o rt u n d e r e s ti m a te d  r e a l i s t i c  n e a r - te r m  d o m e s t ic  
e th a n o l p r o d u c t io n  c a p a b i l i t y  an d th u s  i s  i n c o n s i s t e n t  w it h  
th e  A d m i n i s t r a t i o n 's  e th a n o l p r o d u c t io n  t a r g e t s  a s  w e l l  a s 
th o s e  o f  th e  C o n g r e s s . In  th e  C h a ir m a n 's  May 2,  1980  l e t t e r  
t o  th e  S e c r e t a r y ,  Mr.  Bu ch sb au m s t a t e d :  "E th a n o l p r o d u c t io n  a s  
a n e a r - te r m  (m id 1 9 8 0 's )  p a r t i a l  s o l u t i o n  to  l i q u i d  f u e l s  
(b a se d  on c u r r e n t  i n c e n t i v e s )  w i l l  p r o b a b ly  re a c h  20 0- 30 0 m i l l i o n  g a l l o n s  p e r  y e a r  b y  1 9 8 5 ."

In  d e v e lo p in g  i t s  p r o d u c t io n  e s t i m a t e s ,  t h e  G aso h o l S tu d y
Gr ou p f a i l e d  t o  ta k e  i n t o  a c c o u n t s e v e r a l  A d m in is t r a t io n  an d 
C o n g r e s s io n a l i n i t i a t i v e s ,  su c h  a s  th e  P r e s i d e n t 's  an nou nce m en t 
o f  a c o m p re h e n s iv e  N a tio n a l A lc o h o l F u e ls  Pro gra m , c r e a t i o n  o f  
th e  O f f i c e  o f  A lc o h o l F u e ls ,  p a s s a g e  o f  th e  Cru de O i l  W in d fa ll  
P r o f i t  Ta x A c t  ( P .L . 9 6 - 2 2 3 ) , a lc o h o l  p r o d u c t io n  i n c e n t i v e s  in  
th e  E n e rg y  S e c u r i t y  A c t o f  19 80  ( P .L . 9 6 -2 9 4 ) and g ro w in g  dema nd 
f o r  g a s o h o l a t  th e  pum p, w h ic h  had  o c c u r r e d  d u r in g  th e  in t e r v e n i n g  
p e r io d  b e tw ee n  is s u a n c e  o f  th e  f i r s t  d r a f t  and  t r a n s m i t t a l  o f  
th e  f i n a l  R e p o r t . T h ese  e v e n ts  had a s u b s t a n t i a l  im p a ct on  
a lc o h o l  f u e l s  d e v e lo p m e n t and sh o u ld  h a v e  been  f a c t o r e d  i n t o  
an y r e a l i s t i c  e th a n o l p r o d u c t io n  e s t i m a t e .

W ith th e  i n c e n t i v e s  a lr e a d y  in  p la c e  i n  J u l y ,  19 80 , th e  c o u n tr y  
ca n  r e a c h  an  a n n u al p r o d u c t io n  c a p a c i t y  o f  500 m i l l i o n  g a l lo n s  
d u r in g  19 8 1 , and  may b e  p ro d u c in g  a s  much a s  f i v e  ti m e s  t h a t  
am ou nt  by  19 8 5 . A r c h e r , D a n ie ls  M id la n d , an  I l l i n o i s  co m pa ny,  
p r o j e c t s  t h a t  i t  w i l l  p ro d u ce  e th a n o l a t  a r a t e  o f  250 m i l l i o n  
g a l l o n s  a y e a r  b y  th e  end o f  19 8 1. T h u s, on e co mpa ny  a lo n e  
e x p e c t s  t o  p ro d u ce  th e  ERAB S tu d y  G ro u p 's  19 85  p r o d u c t io n  e s t i ­
m at e b y  th e  en d o f  19 8 1. T h is  was r e p o r te d  to  ERAB a t  t h e i r  May 1 ,  1980  m e e ti n g .

Th e C o n g r e s s , in  th e  E n erg y  S e c u r i t y  A c t o f  1980  ( P .L .  9 6 -2 9 4 ) , 
s e t  an  a n n u a l p r o d u c t io n  t a r g e t  o f  920 m i l l i o n  g a l l o n s  o f  
e th a n o l f o r  g a s o h o l b y  th e  end o f  19 8 2 . In  o t h e r  w o rd s , th e  
C o n g re s s  w ants  o v e r  t h r e e  t im e s  th e  ERAB p r o d u c t io n  e s t im a t e  in  
l e s s  th a n  h a l f  th e  t im e . T h ere  a r e  no t e c h n i c a l  r e a s o n s  why 
th e  A d m i n i s t r a t i o n 's  and C o n g r e s s ' p r o d u c t io n  t a r g e t s  sh o u ld  
n o t b e  e x c e e d e d .

2.  FOOD VERSUS FUEL ISSUES

Th e A d m i n i s t r a t i o n 's  e th a n o l p r o d u c t io n  g o a ls  ca n  b e  me t w i t h ­
o u t an  a d v e r s e  e f f e c t  on  fo o d  s u p p l i e s  o r  p r i c e s .  F or exam p le , 
t h e r e  a r e  s i g n i f i c a n t  o p p o r t u n i t i e s  t o  u se  a g r i c u l t u r a l  and 
fo o d  p r o c e s s in g  w a ste  p r o d u c ts  an d d e v e lo p  h i g h - y i e l d  e n e rg y  
c ro p s  f o r  s u b s t a n t i a l  p r o d u c t io n  o f  e t h a n o l ,  t h e r e b y  a c t u a l l y  
r e d u c in g  i t s  c o s t .  F u r th e r ,  th e  e t h a n o l  from  g r a in  p r o c e s s  
p ro d u c e s  v a l u a b l e ,  p r o t e i n - r i c h  c o - p r o d u c t s  w h ic h  a r e  s u i t a b l e  
f o r  e x p o r t  an d d o m e stic  u s e .
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P r o t e i n  R ic h  D i s t i l l e r ' s  M ea l

The  ERAB G a s o h o l R e p o r t  £ /  f o c u s e d  o n  e t h a n o l  p r o d u c t i o n  fr o m  
g r a i n ,  an d  d i s c o u n te d  t h e  s u b s t a n t i a l  v a l u e  o f  p r o t e i n - r i c h  
d i s t i l l e r ' s  m e a l , a  c o - p r o d u c t  o f  e t h a n o l  fr o m  g r a i n  p r o d u c t i o n .  
N in e ty  p e r c e n t  o f  t h e  w h o le  c o r n  s o l d  i n  t h i s  c o u n t r y  g o e s  t o  
c a t t l e  f e e d .  S i m i l a r l y ,  m o s t e x p o r t e d  g r a i n  g o e s  t o  d e v e lo p e d  
c o u n t r i e s  w h e re  i t  i s  u s e d  f o r  a n im a l  f e e d .  T h u s , f o r  t h e  
m o st p a r t ,  t h i s  g r a i n  i s  n o t  u s e d  t o  f e e d  t h e  w o r l d 's  p o o r  i n  
u n d e r d e v e lo p e d  c o u n t r i e s .  And i n  m o s t c a s e s ,  p o o r  p e o p le  
c a n n o t  a f f o r d  p r o t e i n  fr o m  a n im a ls  f a t t e n e d  w i th  im p o r te d  
g r a i n .  2 /  A t t h i s  v e r y  m om en t,  o u r  g r a i n  e l e v a t o r s  and  
o n - f a r m  s t o r a g e  b i n s  a r e  o v e r f l o w i n g ,  w i th  g r a i n  s t o r e d  on  
t h e  g r o u n d .  T h is  s u r p l u s  w i l l  l i k e l y  i n c r e a s e  whe n t h e
ne w h a r v e s t  com es  i n  fr om  t h e  f a r m s .  Y e t p e o p le  i n  t h i s  c o u n t r y  
a n d  a ro u n d  t h e  w o r ld  c o n t i n u e  t o  b e  h u n g r y  an d  u n d e r n o u r i s h e d .  
T h is  f a m in e  i s  a p p a r e n t l y  m ore  a s s o c i a t e d  w i t h  e c o n o m ic s , 
t r a n s p o r t a t i o n  an d  g e o p o l i t i c s  t h a n  w i th  fo o d  an d  f e e d  s u p p l i e s  
s t o r e d  i n  t h e  U n i te d  S t a t e s .

*

T he a n im a l  f e e d  m a r k e t  c a n  b e  m a i n t a i n e d  and  f u r t h e r  d e v e lo p e d  
b y  e x p o r t i n g  p r o t e i n - r i c h  d i s t i l l e r ' s  m ea l o r  w e t an d  d r y  m i l l i n g  
c o n c e n t r a t e s  t h a t  c a n  b e  c o m b in e d  w i t h  l o c a l  c a r b o h y d r a t e s  an d  
f o r a g e  c r o p s  t o  b a l a n c e  t h e  f e e d  r a t i o n s .  T h e re  i s
a l s o  an  a b u n d a n c e  o f  a g r i c u l t u r a l  a n d  fo o d  p r o c e s s i n g  w a s t e s  
t h a t  c a n  b e  c o n v e r t e d  t o  e t h a n o l .  The  c o - p r o d u c t s  o f  t h i s  
e t h a n o l  p r o d u c t i o n  c a n  f r e q u e n t l y  b e  u s e d  a s  a ne w  o r  im p ro v e d  
s o u r c e  o f  a n im a l  f e e d  and  f e r t i l i z e r .

F u r t h e r ,  t h e r e  i s  a  m a jo r  o p p o r t u n i t y  t o  u s e  h i g h - s u g a r ,  
h i g h - s t a r c h  h y b r i d  p l a n t s ,  s u c h  a s  s w e e t  p o t a t o e s  o r  s w e e t  
so rg h u m , t h a t  c a n  b e  d o u b l e - c r o p p e d  t o  g r e a t l y  i n c r e a s e  t h e  
e t h a n o l  g a l l o n a g e  y i e l d  p e r  a c r e .  2 /  A g a in , t h e  c o - p r o d u c t s  
fr o m  p r o c e s s i n g  t h e s e  h i g h - y i e l d  e n e r g y  c r o p s  c a n  o f t e n  p r o v i d e  
v a l u a b l e  d i s t i l l e r ' s  m e a l .  U n d er t h e s e  c o n d i t i o n s ,  a d e t e r m in e d  
a n d  p r u d e n t l y  im p le m e n te d  e t h a n o l  p ro g ra m  w i l l  i n c r e a s e  r a t h e r  
t h a n  d e c r e a s e  t h e  w o r l d 's  s u p p l y  o f  h i g h  p r o t e i n  f e e d  and  
f o o d . F u r t h e r ,  s i n c e  d i s t i l l e r ' s  m e a l i s  a l r e a d y  p r o c e s s e d ,  
i s  i n  a c o n c e n t r a t e d  fo rm  a n d  i s  c h e a p e r  an d  e a s i e r  t o  s t o r e  
an d  t r a n s p o r t  t h a n  w h o le  g r a i n s ,  i t  i s  p o s s i b l e  t h a t  p r i c e s  
f o r  c e r t a i n  c o n s u m e r  p r o d u c t s ,  p a r t i c u l a r l y  m e a t , d a i r y  a n d  
p o u l t r y  p r o d u c t s ,  c a n  b e  m a r k e te d  t o  c o n s u m e rs  a t  a p r i c e  f a i r  
t o  th e m  a n d  t h e  f a r m e r s . ® /

Ma ny  n u t r i t i o n i s t s  e x p r e s s  c o n c e r n  t h a t  A m e r ic a n s  h a v e  t o o  
muc h s t a r c h  an d  s u g a r  i n  t h e i r  d i e t .  2 /  In  r e s p o n s e  t o  t h i s  
c h a l l e n g e ,  we h a v e  r e p e a t e d l y  s e e n  t h a t  c r e a t i v e  m in d s  an d  
c o m p e t i t i v e  b u s i n e s s ,  i f  d e d i c a t e d  t o  a n y  g o a l ,  c a n  f i n d  w ay s
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o f  o v erc o m in g  b a r r i e r s .  In  t h i s  c a s e ,  fa rm  c o m m u n it ie s  an d th e  
fo od i n d u s t r y  a r e  a l r e a d y  f i n d in g  wa ys  t o  d e l i v e r  v a lu a b le  c o ­
p r o d u c ts ,  su c h  a s  o i l  an d h ig h  p r o t e i n  b r a n  an d g lu te n  from  w et  
an d d ry  m i l l i n g  p r o c e s s e s ,  an d d i s t i l l e r ' s  m ea l fr om  s m a l l - s c a l e  
a lc o h o l  p r o d u c t io n  p r o c e s s e s ,  t o  o u r  t a b l e s  in  a p p e t i z in g  an d 
n u t r i t i o n a l  fo rm s. A®/ We m us t a l s o ,  h o w e v e r , r e c o g n iz e  o u r  
lo n g - te rm  a g r i c u l t u r a l  r e s p o n s i b i l i t i e s  t o  t h e  w o r ld . In  
d o in g  s o , we c a n n o t e x p e c t a c o n ti n u o u s  f lo w  o f  c ro p s  a t  l e s s  
th a n  th e  a v e ra g e  c o s t  o f  p ro d u c ti o n  t o  th e  f a rm e r s .

P e rh a p s  a p a r t  o f  t h i s  r e s p o n s i b i l i t y  c o u ld  b e s t  b e  m et  by 
e s t a b l i s h i n g  a " p r o t e i n  r e s e r v e "  fr om  th e  c o - p ro d u c t s  o f  a lc o h o l  
p r o d u c t io n ,  a s  w e l l  a s  sm a ll  g r a in s  an d o t h e r  fo o d s , t h a t  c o u ld  
b e  more im m e d ia te ly  a c c e s s i b l e  w it h  l e s s  s p o i l a g e  o r  l o s s  to  
th o s e  a r e a s  r o u t i n e l y  t r o u b le d  by  h u n g e r .  T h is  " r e s e r v e "  
wou ld  b e  mo re r e s p o n s iv e  to  huma n n e e d s  th a n  t o  g e o p o l i t i c a l  
o r  p r o f i t  m o t iv e s .  AAtAA/ E ver y  n a t i o n  m u s t,  t o  th e  e x t e n t  
p o s s i b l e ,  d e v e lo p  th e  c a p a b i l i t y  t o  p ro d u c e  s u f f i c i e n t  fo od 
an d e n e rg y  t o  m ee t m ost  o f  i t s  d o m e s ti c  n e e d s . N e i th e r  can  
be  s u p p l i e d  i n d e f i n i t e l y  from  o u t s i d e  s o u r c e s .

R a is in g  th e  s p e c t e r  o f  m o u n ti n g  p r i c e s  an d h u n g ry  f a c e s  i f  a 
p o r t i o n  o f  th e  s t a r c h e s  an d s u g a r s  c o n ta in e d  in  g r a in s  an d 
b ro a d  l e a f  p l a n t s  a r e  s e p a r a t e d  fr om  th e  p r o t e i n  and  c o n v e r te d  
i n to  h ig h - g r a d e  l i q u i d  f u e l  i s  n o t g o in g  t o  h e lp  im p o v e r is h e d  
f a m i l i e s ,  n e ig h b o rh o o d s  o r  n a t i o n s .  T hes e  s t a r c h e s  an d s u g a r s  
a r e  n o t  t h e i r  c r i t i c a l  n e e d . R a th e r , th e y  need  c a p i t a l ,  
te c h n o lo g y ,  i n f o r m a t io n ,  s t a b i l i z e d  p r i c e s ,  jo b s ,  and  s im p le  
n u t r i t i o n a l  f o o d s . E conom ic a l an d e n e rg y  e f f i c i e n t  a lc o h o l  
an d fo od c o - p r o d u c t io n  in  many p a r t s  o f  t h e  w o rl d  w i l l  be  o f  
c o n s id e r a b le  h e lp  in  m e e ti n g  th o s e  n e e d s .

R is in g  C o st o f  Fo od

In  a d d i t i o n ,  t h e  r i s i n g  c o s t  o f  fo o d  in  t h i s  c o u n tr y  i s  f a r  
more c l o s e l y  c o n n e c te d  t o  e n e rg y  an d m id dle m an  c o s t s  — t r a n s ­
p o r t a t i o n ,  p r o c e s s in g ,  p a c k a g in g  an d m a rk e ti n g  — th a n  t o  th e  
p r i c e  fa rm e rs  r e c e iv e  f o r  t h e i r  c r o p s .  AA/ For ex am p le , i n  
J u n e , 1979, t h e  n e t  fa rm  v a lu e  o f  t h e  w h eat i n g r e d i e n t  i n  a o n e -  
po un d l o a f  o f  w h i te  b re a d  was  4 .5 ^ .  Th e a v e ra g e  r e t a i l  p r i c e  
fo r  t h a t  l o a f  o f  b re a d  was  4 1 .2 ^ . A £/ S in c e  1970, th e  
p r i c e  o f  c o rn  h a s  r i s e n  by  55  p e r c e n t  ( t h e  m ark e t p r i c e  p e r  
b u s h e l  o f  c o rn  was  th e  same in  19 78  a s  i t  was  in  1948) AA/  
w h il e  th e  p r i c e  o f  fo od b o u g h t b y  co n su m ers  h a s  d o u b le d . A®/
Th e e s c a l a t i n g  c o s t  o f  p e tr o le u m  AZ / —  a t e n f o l d  i n c r e a s e  
s in c e  1973  —  h a s  a f f e c t e d  fo od  p r i c e s  and  p la c e d  a s u b s t a n t i a l  
f i n a n c i a l  b u rd e n  on  f a rm e r s .  (S ee  T a b le  1 b e lo w  f o r  a c o m p a ri so n  
o f  c o rn  t o  im p o rte d  c ru d e  o i l  p r i c e s . )



TABLE 1

19 70  71  72  73  74 75  76 77 78  79
A v era g e  Im p o rt ed  C ru de O il  P r i c e / B a r r e l

S o u rc e : E ner gy  In f o r m a t io n  A d m in is t r a t io n ,  1980

A v era g e  C or n P r ic e /B u s h e l
S o u rc e : U .S . D e p a rtm en t o f  A g r i c u l t u r e ,  1980 .
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L im i t s  t o  P r o d u c t io n

The  ERAB G a s o h o l R e p o r t  u s e d  d a t a  on  i n c r e a s i n g  p o p u l a t i o n  A® / 
an d  d e c l i n i n g  a c r e a g e  f o r  c r o p s  A9 /  a s  a b a s i s  f o r  i t s  lo w  
e s t i m a t e  o f  a l c o h o l  p r o d u c t i o n  c a p a b i l i t y .  T he R e p o r t  s t a t e d  
t h a t  e t h a n o l  p r o d u c t i o n  c a n  b e  e x p e c t e d  t o  r e a c h  a b o u t  2 0 0 -3 0 0  
m i l l i o n  g a l l o n s  p e r  y e a r  b y  19 85  ( f a r  l e s s  t h a n  t h e  A d m i n i s t r a ­
t i o n ' s  1985 g o a l  2 0 /  o f  2 b i l l i o n  g a l l o n s  p e r  y e a r )  w i t h o u t  
i n t e r f e r e n c e  w i t h  t h e  w o r l d 's  fo o d  s u p p l y  ( a s s u m in g  c u r r e n t  
a g r i c u l t u r e  c o n d i t i o n s ) .  H o w ev er,  o t h e r  e s t i m a t e s  ( s e e  T a b le  2)  
a r e  m uc h h i g h e r  t h a n  t h i s  ERAB e s t i m a t e .  I t  i s  d i f f i c u l t  t o  
d e t e r m in e  t h e  b a s i s  f o r  t h e  ERAB p r o d u c t i o n  e s t i m a t e s  w h ic h  
a r e  lo w e r  b y  m ore  t h a n  an  o r d e r  o f  m a g n i tu d e  co m p a re d  t o  o t h e r  

< r e p u t a b l e  e s t i m a t e s .

*

TABLE 2

SUMMARY OF ETHANOL PRODUCTION 
POTENTIAL FROM SELECTED SOURCES IN THE 

19 81  -  19 85 TIME FRAME 

ETHANOL PRODUCTION POTE NTIA L (1 0 9  g a l l o n s )

S o u rc e

10% i n c r e a s e  i n  g r a i n /  
s u g a r  c r o p  p r o d u c t i o n

E x p o r te d  c o r n  (2 0  t o  
85% u s e d  f o r  a l c o h o l  
p r o d u c t i o n )

U nuse d  C ro p la n d

Foo d P r o c e s s i n g  W a s te s

Low

1 .6  ( a )

0 .8 7

5 .2

0 .5

H ig h

2 .7

3 .7

8 . 7

0 .6

R e f e r e n c e

USDA ( b )

USDA (b )

P u rd u e  ( c )  

DOE (d )

ERAB

8 .1 7  x 1 0 9  g a l s . 1 5 .7  x 1 0 9  g a l s

0 .2  x 1 0 9  g a l s .  0 .3  x 1 0 9  g a ls .E R A B  ( e )

( a )  E s t i m a t e  b y  P u rd u e  U n i v e r s i t y  i n v e s t i g a t o r s  fr o m  " s e t - a s i d e  
l a n d s ."

(b )  A g r i c u l t u r a l  S t a t i s t i c s ,  1 9 7 8 , U .S .D .A . ,  U .S . G o v e rn m e n t 
P r i n t i n g  O f f i c e ,  W a s h in g to n , D .C . ( 1 9 7 9 ) .

( c )  W. E . T y n e r  and  D .C . D o e r in g ,  C h a n g in g  E n e rg y  U se  F u t u r e s ,  
p p . 1 8 2 5 -1 8 3 2 .

*

( d ) T he  R e p o r t  o f  t h e  A lc o h o l  F u e l s  P o l i c y  R e v ie w , D O E /P E -0 012 , 
U .S . G o v e rn m en t P r i n t i n g  O f f i c e ,  W a s h in g to n , D .C . ( 1 9 7 9 ) .

( e )  ERAB G a s o h o l S tu d y  G ro up  R e p o r t ,  A p r i l  1 9 8 0 .
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New A g r i c u l t u r a l  O p p o r tu n i t i e s

The ERAB G aso hol R e p o rt d id  n o t c o n s i d e r ,  fo r  ex am p le , any  o f  
t h e  e x i s t i n g  an d p ro m is in g  o p p o r t u n i t i e s  t o  expan d  a g r i c u l t u r a l  
p ro d u c t io n  by  a l t e r i n g  c ro p p in g  p r a c t i c e s ,  su ch  a s  c o n s e r v a t io n  
t i l l a g e ,  2 1  »2 2 / a n ( j b y  p u t t i n g  m a rg in a l la n d s  i n t o  p r o d u c t iv e  
u s e  w h i le  a c t u a l l y  e n h a n c in g  th e  e n v ir o n m e n t . In  many p a r t s  
o f  t h i s  n a t i o n  an d t h e  w o r ld , t h e r e  a r e  v a s t  u n c u l t i v a t e d  
a c r e a g e s  s u i t a b l e  f o r  h i g h - y i e l d  e n e rg y  c r o p s  su ch  a s  sw ee t 
so rg hum , fo d d e r  b e e t s ,  m il o , h o n ey  l o c u s t ,  c a s s a v a ,  J e ru s a le m  
a r t i c h o k e s ,  m an io c an d c a t t a i l s  a s  w e l l  a s  o t h e r  c ro p s  ad o p te d  
t o  s p e c i f i c  c l i m a t i c  an d s o i l  c o n d i t i o n s .  On th e  a v e ra g e , 
p r o d u c t iv e  a c r e a g e s  o f  c o rn  can  be  e x p e c te d  t o  p ro d u c e  a b o u t
25 0 g a l lo n s  o f  e th a n o l  p e r  a c re  p e r  y e a r .  Some c r o p s ,  t
su ch  a s  sw ee t p o t a t o e s  an d fo d d e r  b e e t s  may  b e  a s  much a s
t h r e e  t im e s  more p r o d u c t iv e  th a n  c o r n .  P r e l im in a r y  d a ta  on
c a t t a i l s  i n d i c a t e  t h a t  tw o c ro p s  o f  c a t t a i l s  p e r  y e a r  c an
p ro d u c e  a s  much a s  t e n  ti m e s  a s  many g a l l o n s  o f  e th a n o l  p e r
a c r e  th a n  c o r n .  P in e a p p le  an d s u g a rc a n e  a l s o  h a v e  a t t r a c t i v e  «
p r o d u c t iv e  p o s s i b i l i t i e s .  22 ./

F u r t h e r ,  t h e  S o la r  E n erg y  R e se a rc h  I n s t i t u t e  (S ERI)  h a s  i d e n t i ­
f i e d  o p p o r t u n i t i e s  f o r  m ajo r i n c r e a s e s  in  e th a n o l  p r o d u c t io n  
th ro u g h  d i f f e r e n t  c ro p p in g  p a t t e r n s  w i th o u t  c h a l l e n g in g  th e  
fo od o r  fe e d  m a rk e ts . SERI fo und  th e  fo l lo w in g :

In  a n im a l fe e d  r a t i o n s ,  e s p e c i a l l y  f e e d l o t  c a t t l e  an d 
d a i r y  co w s,  t h e  n i t r o g e n  c o n te n t  o f  t h e  fe e d  i s  c a r e ­
f u l l y  c o n t r o l l e d  b a se d  on  th e  w e ig h t  o f  th e  a n im a ls  
a n d /o r  th e  s t a g e  o f  t h e  l a c t a t i o n  p e r io d .  Common 
p r o t e i n  s o u r c e s  f o r  fe e d  r a t i o n s  in c lu d e  so y b ean  m e a l , 
c o t to n s e e d  m e a l,  c o rn  g lu te n  f e e d ,  an d d i s t i l l e r ' s  
d r i e d  g r a i n s .  [ * ]  Of th e  t o t a l  p r o t e i n  fe e d  su p p le m e n t 
u sed  n a t i o n a l l y  i n  1978 , so y b ean  m ea l c o m p ri se d  70 .8 % .
H ow ev er , t h e  . . .  l i t e r a t u r e  i n d i c a t e s  t h a t  DDG an d 
DDGS a r e  mu ch mo re b e n e f i c i a l  a s  s o u r c e s  o f  p r o t e i n  
du e t o  t h e i r  a b i l i t y  t o  e sc a p e  ru m en  d i g e s t i o n ,  and  
th u s  b e  more a v a i l a b l e  fo r  a b s o r p t io n  by  t h e  a n im a l.
A lt h o u g h  th e  " c o n c e p t"  o f  b y - p a s s  p r o t e i n  i s  r e l a t i v e l y  
ne w , th e  f a c t  t h a t  DDG an d DDGS a r e  b e t t e r  in  te rm s  o f  
w e ig h t g a in  an d m il k  p r o d u c t io n  h a s  b e e n  docum ente d  f o r  
many y e a r s .  T h is  i s  a l s o  s u b s t a n t i a t e d  by  th e  pr em iu m 
p r i c e  th e y  com man d on  th e  p r o t e i n  m a r k e t.

Soybean M ea l (44% ) $ .2 0 6 / lb  N
DDGS $ .2 9 0 / l b  N

The b y - p a s s  v a lu e  o f  so y b ean  m ea l i s  v e ry  lo w , a p p r o x i ­
m a te ly  28%, w h i le  DDG and DDGS h a v e  b y - p a s s  v a lu e s  o f  a
53% an d 38% r e s p e c t i v e l y .

[ * ]  E d i t o r ' s  N o te : I t  i s  n o t  n e c e s s a r y  t o  d ry  d i s t i l l e r s  g r a in  
i f  i t  i s  fe d  t o  a n im a ls  w i th in  a fe w d a y s . D ri ed  d i s t i l l e r s  g r a in  
i s  u s u a l l y  a b b r e v i a t e d  DDG. When DDG i s  co m bin ed  w it h  s o lu b l e s  
in  th e  s t i l l a g e ,  i t  i s  a b b r e v ia te d  DDGS.
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T h e r e f o r e ,  u t i l i z a t i o n  o f  c o rn  f o r  f e r m e n ta t io n  
t o  a lc o h o l  s h o u ld  n o t  be  lo o k e d  a t  in  te rm s  o f 
a l o s s ,  b e c a u s e  th e  p r o t e i n  i s  c o n s e rv e d  and 
c o u ld  be  u se d  t o  r e p la c e  so y b ean  m ea l in  
fe ed  r a t i o n s ,  r e s u l t i n g  in  m or e e f f i c i e n t  fe ed  
r a t i o n s .  I n s te a d  o f  u s in g  c o rn  f o r  m e ta b o l i z a b le  
e n e rg y  ( c a r b o h y d r a te ) ,  more f o ra g e  c ro p s  wou ld  
be  u se d . T h is  w ou ld  r e s u l t  in  econom ic  p ro b le m s 
f o r  b o th  so y b e a n  p r o c e s s o r s  an d c u r r e n t  p ro d u c e r s  
o f  DDGS, b u t  s u p p ly  an d de man d w ould  t a k e  c a re  
o f  t h i s .

T h e re  h a s  b e e n  a m a jo r  s h i f t  in  p a t t e r n s  o f  c ro p  p r o d u c t io n  
i n  th e  r e l a t i o n s h i p  o f  so y b ean s  t o  c o rn  s i n c e  W or ld  War I I  
( s e e  T ab le  3 ) .  W ith  th e  i n t r o d u c t i o n  o f  l a r g e  am ounts  o f  
d i s t i l l e r ' s  m ea l i n t o  t h e  m a rk e tp la c e  ( a b o u t  17 pounds p e r  
b u s h e l  o f  c o rn  c o n v e r te d  i n t o  e t h a n o l ) ,  t h e r e  w i l l  l i k e l y  b e  
a s i g n i f i c a n t  s h i f t  in  th e  so y b ean  t o  c o rn  r a t i o ,  w hic h  w i l l  
b e n e f i t  t h e  e n v ir o n m e n t . Top  s o i l  l o s s  i n  so y b ean  p r o d u c t io n  
i s  c o n s id e r a b ly  h ig h e r  th a n  in  c o r n . I t  i s  r e c o g n iz e d  t h a t  
so y b e a n s  a r e  le g u m in o u s  w h il e  c o rn  i s  n o t .  How ev er , w it h  
p r u d e n t  s o i l  m a in te n a n c e  p ro g ra m s , i n c l u d i n g  th e  u se  o f  c o v e r  
c r o p s ,  c o rn  w i l l  be  m or e e n v ir o n m e n ta l ly  e n h a n c in g  th a n  
so y b e a n s .

Th e ERAB R e p o r t ma de l i t t l e  m e n ti o n  o f  t h e s e  im p o r ta n t  
o p p o r t u n i t i e s  t o  s t a b i l i z e  f e e d in g  c o s t s  an d re d u c e  to p  
s o i l  l o s s  a s  a r e s u l t  o f  p r u d e n t  e th a n o l  p r o d u c t io n .

6 8 -2 8 1  0 - 8 0 - 1 1



TABLE 3

U .S . HARVESTED ACREAGE OF
CORN AND SOYBEANS, 19 24  - 19 78

Y ear
Cor n
(1 06)

S oybeans 
(1 06  )

1924 1 0 0 .4 0 .4

19 29 9 7 .8 0. 7

1934 9 2 .2 1 .6

1939 88 . 3 4 . 3

1944 9 4 .0 10. 2

19 49 8 5 .6 1 0 .5

1954 80 . 2 1 7 .0

19 59 8 1 .9 2 2 .6

1964 6 5 .4 3 0 .8

19 69 6 3 .2 4 0 .9

1974 7 6 .7 52 .4

19 78 75 . 1 6 3 .3

S o u rc e : U .S . D ep art m en t o f  A g r i c u l t u r e ,
A g r i c u l t u r a l  S t a t i s t i c s ,  1979

S t r e n g th e n in g  th e  F a m il y  Farm

Th e U n it e d  S t a t e s  h a s  a s t r o n g  a g r i c u l t u r a l  ec onom ic  b a s e  — 
o u r  a g r i c u l t u r a l  p r o d u c ts  p ro v id e  a c r i t i c a l  fo u n d a ti o n  f o r  
t h i s  n a t i o n 's  ec on om y an d w e l l - b e in g ,  a s  w e l l  a s  a p o s i t i v e  
c o n t r i b u t i o n  t o  o u r  i n t e r n a t i o n a l  b a la n c e  o f  p ay m en ts . For 
to o  lo n g , t h i s  f o u n d a ti o n  h a s  b e e n  s u s t a i n e d ,  i n  l a r g e  p a r t ,  
by  t h e  i n c r e a s e d  v a lu e  o f  th e  fa rm  la n d  r a t h e r  th a n  by  t h e  
in c r e a s e d  v a lu e  o f  th e  a g r i c u l t u r a l  an d e n e rg y  p r o d u c ts  
r a i s e d  on  t h a t  la n d .

Th e ERAB R e p o r t ma de o n ly  p a s s in g  m en ti o n  o f  one o f  t h e  m a jo r  
c o n t r i b u t i o n s  t h a t  th e  e th a n o l  i n d u s t r y  w i l l  make by  p e r m i t t i n g  
fa rm e rs  t o  e a rn  p r o f i t s  from  th e  p r o d u c t i v i t y  o f  t h e i r  la n d  
an d t h e i r  own in g e n u i ty  r a t h e r  th a n  fr om  th e  i n c r e a s in g  v a lu e
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o f  t h a t  l a n d .  F a rm ers  s e e  th e  p r o d u c t io n  o f  f u e l  a lc o h o l  a s  a 
way  t o  g e n e r a te  a s t e a d y  c a sh  fl ow  an d th e r e b y  k eep  th e m s e lv e s  
an d t h e i r  f a m i l i e s  on  t h e i r  fa rm s . F o r e x am p le , a sm a ll  s t i l l  
can  g e n e r a te  a c a sh  in co m e f o r  a fa rm in g  f a m il y  w i th in  fo u r  
d a y s  o f  i n s t a l l a t i o n .  2 1 /  F a rm -s c a le  e th a n o l  p r o d u c t io n  p r o ­
v id e s  a v i a b l e  s o l u t i o n  t o  t h r e e  s e r i o u s  p ra b le m s  f a c in g  th e  
fa rm e r  — r i s i n g  e n e rg y  c o s t s ,  i n t e r r u p t i o n  o f  e n e rg y  s u p p l i e s  
an d u n s te a d y  c a s h  f lo w s .

3. NET ENERGY BALANCE CONSIDERATIONS

Th e ERAB R e p o rt c o n c lu d e d  t h a t  " u t i l i z i n g  th e  b e s t  a v a i l a b l e  
te c h n o lo g y  b e f o r e  1985 , th e  n e t  e n e rg y  b a la n c e  i s  a b o u t z e ro  
f o r  e th a n o l  p ro d u c ed  from  c o rn  an d o t h e r  c ro p s  in  f e r m e n ta t io n /

A d i s t i l l a t i o n  p l a n t s .  I f  th e  f e r m e n t a t i o n / d i s t i l l a t i o n  p l a n t s
a r e  f u e le d  b y  c o a l  o r  woo d,  e ach  g a l l o n  o f  e th a n o l  p ro d u c ed  
c o u ld  sa v e  ro u g h ly  0 .5  g a l l o n s  o f  o i l . "  2 2 /

Many t e c h n o l o g ic a l  an d e n e r g y - s a v in g  a d v a n c e s  i n  e th a n o l
* p r o d u c t io n  p r o c e s s e s  a r e  o c c u r r in g  an d b e in g  im ple m en te d  a t  an

a c c e l e r a t i n g  p a c e . E th a n o l p ro d u c e rs  i n  many p a r t s  o f  th e  
c o u n tr y  a r e  r e a l i z i n g  s u b s t a n t i a l  e n e rg y  g a in s  now an d e x p e c t  
ev en  g r e a t e r  e f f i c i e n c i e s  in  th e  n e a r  te rm . As th e s e  a d v an c es  
a r e  im p le m e n te d , t h e  n e t  e n e rg y  b a la n c e  o f  a lc o h o l  f u e l  p ro d u c ­
t i o n  w i l l  c o n t in u e  t o  im p ro v e .

E n erg y  b a la n c e  i s  a n o n - i s s u e  t o  th e  e x t e n t  t h a t  d o m e s ti c  e th a n o l  
p r o d u c t io n  ( u t i l i z i n g  n o n -p e tr o le u m  s o u r c e s )  re d u c e s  o u r  d e p e n ­
d e n ce  on  im p o rte d  o i l .  The U .S . G e n e ra l A cco u n ti n g  O f f i c e ,  i n  
a Ju n e  3, 1980  r e p o r t  on  th e  p o t e n t i a l  o f  e th a n o l  a s  a m o to r 
v e h ic l e  f u e l ,  a d d r e s s e d  th e  n e t  e n e rg y  b a la c e  i s s u e  an d s t a t e d ,  
"T h ere  i s  a l s o  a te n d e n c y  t o  o v e re m p h a s iz e  n e t  e n e rg y  a s p e c t s  o f  
e th a n o l  a s  a f u e l ,  t h e r e b y  lo s i n g  s i g h t  o f  th e  r e a l  o b j e c t i v e :  
p ro d u c in g  u s a b le  l i q u i d  f u e l s .  F o r e x am p le , u s in g  c o a l  t o  f i r e  
t h e  d i s t i l l e r i e s  t o  p r o c e s s  g r a in s  an d o t h e r  c ro p s  i n t o  e th a n o l  
may , a s  some s t u d i e s  sh ow , r e s u l t  in  a n e t  e n e rg y  l o s s .  Bu t 
th e  p r o c e s s  p ro d u c e s  a f u e l  w hic h i s  m ore  r e a d i l y  a d a p ta b le  f o r  
c e r t a i n  u s e s  ( e . g . ,  m o to r v e h ic l e  f u e l ) . "  2 2 /

E s ti m a te d  O i l  S a v in g s

B ase d  on  c a l c u l a t i o n s  s e t  f o r t h  i n  A tt a c h m e n t A t o  t h i s  r e s p o n s e , 
e a c h  g a l l o n  o f  e th a n o l  p ro d u ced  c o u ld  sa v e  a s  much a s  1 .6 4  
g a l l o n s  o f  o i l ,  o r  m or e th a n  t h r e e  t im e s  t h e  am ount s u g g e s te d  
by  th e  ERAB G aso hol S tu d y  Gro up . The e s t im a te d  1 .6 4  g a l l o n  
s a v in g s  may b e  a c o n s e r v a t iv e  f i g u r e .  F o r ex am p le , a t  a J u ly  
19 80  h e a r in g  on  g a so h o l a l l o c a t i o n  b e f o r e  th e  Eco no m ic  
R e g u la to ry  A d m in is t r a t io n ,  one m a jo r  o i l  co mpa ny  e s t im a te d  
t h a t  f o r  e v e ry  b a r r e l  o f  e th a n o l  u sed  a s  a g a s o l in e  b le n d in g

A co m p onen t,  a s  much a s  tw o b a r r e l s  o f  a d d i t i o n a l  g a s o l in e
c o u ld  be  p ro d u c e d . 2 2 /



R e la te d  E ner gy  B a la n c e  C o n s id e r a t i o n s

A lt h o u g h  p e tr o le u m  i s  now b e in g  u se d  t o  p ro d u c e  e th a n o l ,  t h i s  
w i l l  c e r t a i n l y  d e c l i n e  a s  p e tr o le u m  p r i c e s  r i s e  an d w ith  th e  
a d v e n t o f  im pro ved  fa rm in g  p r a c t i c e s ,  2 8 / in c lu d in g  th e  
c o n v e r s io n  o f  b io m a ss  i n t o  n i t r o g e n  f e r t i l i z e r s  u s in g  g a s i f i e r s  
an d b io g a s ,  2_9' an d th e  im p le m e n ta ti o n  o f  lo w  e n e rg y  s t a r c h  
and  su g a r  c o n v e r s io n  t e c h n o lo g ie s  3 0 ,3 1 ,3 2 /  c u r r e n t l y  u n d e r  
d e v e lo p m e n t.  W hil e  n o t d i r e c t l y  r e l e v a n t  t o  th e  e n e rg y  eco n o m ic s 
o f  a lc o h o l  p r o d u c t io n ,  t h e  fo l lo w in g  tw o r e l a t e d  i s s u e s  a r e  
h ig h ly  v i s i b l e  t o  th e  consu m er  an d may o u tw e ig h  e n e rg y  b a la n c e  
c o n s i d e r a t i o n s  i n  a lc o h o l  p r o d u c t io n :  (a ),  th e  n e t  e n e rg y  
b a la n c e  o f  p ro d u c in g  e l e c t r i c i t y  fr om  p e tr o le u m  an d m eth an o l 
p r o d u c t io n  fr om  c o a l ;  an d (b )  k e e p in g  e n e rg y  d o l l a r s  a t  ho m e.  
T hes e  t o p i c s  a r e  d is c u s s e d  b e lo w .

a .  N et  e n e rg y  b a la n c e  i n  p ro d u c in g  e l e c t r i c i t y  from  
p e tr o le u m

I f  an  a p p r o p r i a t e  en d u se  o f  p e tr o le u m  p r o d u c ts  i s  t o  a c h ie v e  
a p o s i t i v e  " n e t  e n e rg y  b a la n c e "  th e n  i t  m ust  be  re m em ber ed  t h a t  
i t  t a k e s  a b o u t 3 B tu  o f  o i l  t o  d e l i v e r  1 Btu  o f  e l e c t r i c i t y  
w h il e  i t  t a k e s  a b o u t 1 B tu  o f  o i l  t o  p ro d u c e  3 B tu  o f  e th a n o l .  
C u r r e n t ly ,  mor e th a n  5 0 0 ,0 0 0 ,0 0 0  b a r r e l s  o f  o i l  a y e a r  a r e  
b u rn e d  t o  g e n e r a te  e l e c t r i c i t y .  C onsu m er s a c c e p t  t h e  3 :1  
c o n v e r s io n  l o s s  i n  th e  n e t  e n e rg y  b a la n c e  b e c a u se  o f  th e  
c o n v e n ie n c e  o f  e l e c t r i c i t y .  H ow ev er , i f  t h e  n a t io n  r e q u i r e s  
h ig h  g ra d e  l i q u i d  f u e l s  f o r  i n t e r n a l  c o m b u s ti o n  e n g in e s  an d 
lo w er g ra d e  l i q u i d  f u e l s  f o r  e l e c t r i c i t y  (u se d  f o r  l i g h t i n g ,  
h e a t i n g  an d i n d u s t r i a l  p u r p o s e s ) ,  t h e  consu m er  sh o u ld  n o t  be  
a sk e d  t o  h e lp  f in a n c e  th e  c o n v e r s io n  o f  a n o n - re n e w a b le , d e n s i -  
f i e d  fo rm  o f  e n e rg y  (c o a l a t  1 2 ,0 0 0  B t u / l b )  i n to  a l e s s  d e n se  
fo rm  o f  l i q u i d  e n e rg y  (m eth an o l a t  8 ,4 0 0  B tu / lb )  f o r  e n g in e  u se  
wh en  th e  c o a l  c an  be  b u rn e d  d i r e c t l y  i n  b o i l e r s  a s an  o i l  su b ­
s t i t u t e  t o  p ro d u c e  e l e c t r i c i t y  w it h  a p o t e n t i a l  c ru d e  o i l  s a v in g s  
o f  5 0 0 ,0 0 0 ,0 0 0  b a r r e l s  a y e a r  — u n le s s  t h e r e  a r e  d e m o n s tr a te d  
eco n o m ic , e n e rg y  o r  e n v ir o n m e n ta l  s a v in g s .

The p r o d u c t io n  o f  e th a n o l  (1 1 ,0 0 0  B t u / l b )  from  a re n e w a b le , 
d i v e r s i f i e d  s o u rc e  — b io m a ss  — i s  t h e  r e v e r s e  o f  th e  c o a l  t o  
m e th a n o l p r o c e s s ;  i . e . ,  a d e n se  t o  a l e s s  d e n se  f u e l  v e r s u s  a 
d i v e r s i f i e d  t o  a d e n se  f u e l ,  w it h  th e  su n  p r o v id in g  t h e  p r i n c i p a l  
s o u rc e  o f  e n e rg y  t o  p ro d u c e  t h e  d i v e r s i f i e d  b io m a ss .

The ERAB R e p o rt r e f l e c t e d  a p r e f e r e n c e  f o r  m e th an o l fr om  c o a l ,  
w hic h  i s  b e s t  e v id e n c e d  by t h e  c la im e d  ec onom ic  a d v a n ta g e  o f  
m e th a n o l d e s p i t e  th e  la c k  o f  p l a n t  r e l i a b i l i t y  d a ta  an d e x te n d e d  
o p e r a t in g  e x p e r ie n c e  i n  t h i s  c o u n t r y .  F u r t h e r ,  th e  f o o tn o te  
a t  p ag e  22 o f  th e  R e p o rt r e f e r e n c i n g  t h e  M obil  O il  MTG p r o c e s s  
i n  th e  R e p o r t 's  d e s c r i p t i o n  o f  t h e  c o a l  t o  m e th a n o l p r o c e s s  
a g a in  r a i s e s  th e  e n t i r e  q u e s t io n  o f  c o n v e r s io n  e f f i c i e n c y .
Th e ERAB R e p o rt a c c e p te d  a 50 p e r c e n t  e f f i c i e n c y  r a t e  in  co n ­
v e r t i n g  c o a l  t o  m e th a n o l.  M obil  O il  c la im s  an  85 p e r c e n t  
e f f i c i e n c y  r a t e  in  c o n v e r t in g  m e th a n o l t o  g a s o l in e .



Wh at i s  n o t s t a t e d  i s  t h a t  th e  M obil  c la im  o f  i n c r e a s in g  t h e  
e n e rg y  c o n te n t  o f  th e  l i q u i d  f u e l  by a f a c t o r  o f tw o , by  g o in g  
from  m e th a n o l t o  g a s o l in e ,  i s  acco m p an ie d  by  a d e c r e a s e  i n  th e  
v o lu m e tr ic  o u tp u t  by mo re th a n  on e h a l f .

S in c e  m e th a n o l h a s  many o f  th e  same  f a v o r a b l e  c h a r a c t e r i s t i c s  
a s  a f u e l  a d d i t i v e ,  g a s o l in e  e x te n d e r  o r  s t r a i g h t  f u e l ,  a s  
d o es e th a n o l ,  i t  i s  d i f f i c u l t  t o  com pre hen d  th e  c la im s  f o r  th e  
e n e rg y  a d v a n ta g e  o f  th e  c o a l  t o  g a s o l in e  c o n v e r s io n  p r o c e s s .

b . K eep in g e n e rg y  d o l l a r s  a t  hom e

Th e c o s t  f a c t o r s  o f  p ro d u c in g  o r  im p o r t in g  e n e rg y  a r e  e s p e c i a l l y  
im p o r ta n t  t o  c o n su m e rs . The e n e rg y  c r i s i s  t r a n s l a t e s  i n t o  
h ig h e r  p e r s o n a l  e n e rg y  c o s t s  t o  co n su m ers  an d i n f l a t i o n  
cau sed  p r i m a r i l y  b y  th e  t r a d e  d e f i c i t  a r i s i n g  from  th e  p u rc h a s e  
o f  im p o rte d  o i l .  Th e eco n o m ic a l an d e n e rg y  e f f i c i e n t  p r o d u c t io n  
o f  e th a n o l  i s  a way  t o  k eep  mo ney  in  l o c a l  c o m m u n it ie s  an d in  
t h i s  c o u n tr y .  T h ese  m easu re s w i l l  s t a b i l i z e  e n e rg y  c o s t s ,  st em  
i n f l a t i o n ,  r e v i t a l i z e  r u r a l  A m eri ca , an d c r e a t e  j o b s .  The 
A m er ic an  p u b l i c  r e c o g n iz e s  t h a t  i t  m ust  b e  more p r u d e n t  i n  i t s  
u se  o f  b o th  e l e c t r i c i t y  an d n o n -re n e w a b le  h ig h  g ra d e  l i q u i d  
f u e l s .  Th e u se  o f  more v i s i b l e ,  l o c a l l y  p ro d u c ed  b io m ass  
f u e l s  — gro w in g  b io m a ss  i s  a v i s i b l e  p r o c e s s  — w i l l  f u r t h e r  
e n c o u ra g e  t h i s  f a v o r a b l e  move t o  c o n s e r v a t io n .

A ls o , m ost  p io n e e r s  w o rk in g  on  th e  a lc o h o l  f u e l s  c y c le  r e a l i z e  
t h a t  th e y  a r e  i n  t h e  "M odel A" s t a g e  o f  d e v e lo p m e n t.  The y 
b e l i e v e  t h a t  w i th in  a few y e a r s  t h e  p e tr o le u m  n eeded  in  th e  
a lc o h o l  f u e l s  p r o d u c t io n  c y c le  can  b e  re d u c e d  to  n e a r ly  z e r o ,  
th e r e b y  p e r m i t t i n g  each  g a l l o n  o f  e th a n o l  (G)  to  b ack  o u t  
n e a r ly  tw o g a l l o n s  o f  im p o rte d  o i l .

4 . CURRENT AND PROJECTED TECHNOLOGICAL ADVANCES

Th e ERAB R e p o rt  u se d  in f o r m a t io n  w h ic h  wa s o u td a te d  a t  t h e  
ti m e  o f  th e  R e p o r t 's  r e l e a s e  an d w h ic h  f a i l e d  t o  r e c o g n iz e  th e  
many t e c h n o l o g ic a l  an d e n e rg y  s a v in g  a d v a n c e s  o c c u r r in g  a t  an  
a c c e l e r a t i n g  p a c e .  For ex am p le , p r o j e c t i o n s  b a se d  on  c u r r e n t  
o p e r a t in g  d a ta  33 /  fr om  W en ge r M a n u fa c tu r in g , o f  S a b e th a , K an sa s 
o f  a t y p i c a l  500 g a l l o n  p e r  h o u r  p l a n t  ( p l a n t  y i e l d  o f  2 .5  
g a l l o n s / b u s h e l  o f  c o rn )  i n d i c a t e  t h e  f o l lo w in g :

P r o c e s s in g  S te p E n erg y  C onsu m pti on

G rin d in g
F e e d in g  an d p r e c o n d i t i o n in g
C ookin g
T o ta l

284 B tu /g a l lo n  
91 B tu /g a l lo n

26 41  B tu /g a l lo n
3016  B tu /g a l lo n
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T h is  d o e s  n o t  i n c lu d e  t h e  86 11  B t u /g a l lo n  need ed  t o  b r in g  th e  
w a te r  in  th e  l i q u e f a c t i o n  ta n k  t o  145  d e g r e e s  F . u n d er c u r r e n t  
p r o c e s s e s ,  o r  th e  h e a t  r e q u ir e d  f o r  t h e  d i s t i l l a t i o n  an d 
d i s t i l l e r s  m ea l d r y in g  p r o c e s s e s .  H ow ev er , much o f  t h i s  lo w 
te m p e ra tu r e  h e a t  c an  b e  p ro v id e d  by  s o l a r  e n e rg y  o r  c a p tu r e d  
fr om  th e  e x h a u s t  o r  c o o l in g  w a te r  h e a t  fr om  an  i n t e r n a l  co m bus­
t i o n  e n g in e  t h a t  i s  b e in g  f i r e d  by  b io g a s  o r  e th a n o l  an d u se d  
t o  d r iv e  th e  e x t r u d e r .

A ls o , t h e  u se  o f  h ig h  te m p e ra tu r e  y e a s t ;  im m o b il iz ed  c e l l s  in  
c o n ti n u o u s  colu m n r e a c t o r s ;  me mbrane t e c h n o lo g y  o r  o th e r  
d e v ic e s  t o  s e p a r a t e  th e  a lc o h o l ,  w a te r  an d s a l t s  from  th e  
s o l i d s  b e f o r e  d i s t i l l a t i o n ;  an d t h e  u se  o f  l i q u i d  t o  l i q u i d
e x t r a c t o r s  o r  o t h e r  low e n e rg y  d i s t i l l a t i o n  t e c h n iq u e s  a s  4
w e ll  a s  v a p o r r e c o m p r e s s o r s , h e a t  e x c h a n g e rs  an d w a te r  r e c y c l i n g
s y s te m s , w i l l  f u r t h e r  re d u c e  th e  e n e rg y  r e q u ir e m e n ts  i n  th e
n e x t  few  y e a r s  f o r  t h e  c o n v e r s io n  o f  s t a r c h  an d s u g a r  c ro p s
i n to  a lc o h o l ,  COj an d d i s t i l l e r ' s  m e a l.  We can  as su m e
t h a t  t e c h n o l o g i c a l l y  ad v an ced  p l a n t s  may b e  u s in g  l e s s  th a n  *
3 5 ,0 0 0  B tu /g a l  t o  c o m p le te  th e  c o n v e r s io n  t o  an h y d ro u s  e th a n o l  
i n  th e  f o r e s e e a b le  f u t u r e .  25 ./ T h is  i s  a b o u t 50 p e r c e n t  o f  t h e  
e n e rg y  r e q u ir e m e n ts  c i t e d  in  th e  ERAB G aso h o l R e p o rt  (6 9 ,0 0 0  
B t u / g a l ) .

T h ere  a r e  a l s o  m a jo r  o p p o r t u n i t i e s  on  t h e  fa rm in g  s id e  o f  th e  
a lc o h o l  f u e l s  c y c le  t o  re d u c e  e n e rg y  i n p u t s .  S c i e n t i f i c a l l y  
ad v an ced  e n e rg y  an d i r r i g a t i o n  c o n s e rv in g  fa rm in g  p r a c t i c e s ;  
t im e ly  s o i l ,  w a te r  an d b io s p h e r e  m o n it o r in g  an d a n a l y s i s ;  
m a in te n a n c e  o f  th e  p r o p e r  b a la n c e  b e tw e e n  m ic r o n u t r i e n t s ,  
m ic ro -o rg a n is m s  an d o r g a n ic  m a t te r  in  t h e  s o i l ;  i n t e g r a t e d  
p e s t  m an agem ent;  c o n v e r s io n  o f  b io m a ss  i n t o  th e  v a r io u s  s o l i d ,  
l i q u i d  an d g a se o u s  f r a c t i o n s ;  t h e  r a p id  r e t u r n  o f  m a n ip u la te d , 
com post ed  o r  d ig e s te d  a n im a l,  hu man  an d c ro p  w a s te  t o  th e  
s o i l ;  th e  u se  o f  c o v e r  c ro p s  an d c ro p  r o t a t i o n ;  th e  op tim um  
u se  o f  s o l a r  — p a s s i v e ,  a c t i v e ,  an d  p h o t o v o l t a i c s , a s  w e l l  a s  
w in d , g e o th e rm a l an d lo w  h ead  h y d ro ;  an d c o n s e r v a t io n  p r a c t i c e s  
in  g e n e r a l  — c o g e n e r a t i o n ,  w a s te  h e a t  r e c o v e r y  — w i l l  g r e a t l y  
re d u c e  th e  e n e rg y  r e q u ir e m e n ts  f o r  g ro w in g  fo o d , f e e d ,  f i b e r ,  
b i o f u e l ,  f e r t i l i z e r s  an d c h e m ic a l f e e d s t o c k s .

Th e ERAB R e p o rt s a i d  t h a t  4 5 ,0 0 0  B tu  a r e  u se d  t o  gr ow  th e  
f e e d s to c k  t h a t  w i l l  c o n v e r t  i n t o  a g a l l o n  o f  e th a n o l .  A r e d u c ­
t i o n  t o  3 0 ,0 0 0  B tu  o f  e n e rg y  r e q u i r e d  t o  p ro d u c e  c ro p s  t h a t  
c o n v e r t  i n t o  a g a l l o n  o f  e th a n o l  i s  r e a d i l y  a t t a i n a b l e .  No t 
a l l  t h i s  3 0 ,0 0 0  B tu  i s  c h a rg e a b le  t o  e t h a n o l .  F o r e v e ry  b u s h e l  
o f  $ 2 .6 0  c o rn  f e rm e n te d , i t  i s  p o s s i b l e  t o  r e c e iv e  $ 1 .8 8  f o r  th e  
s a l e  o f  c o - p r o d u c t s ,  an d $ 4 .5 0  f o r  t h e  a l c o h o l .  S a le  o f  
a lc o h o l  r e p r e s e n t s  a b o u t 70  p e r c e n t  o f  t h e  t o t a l  r e v e n u e . Ass um in g 
t h a t  th e  e n e r g e t i c s  o f  c o n v e r s io n  w i l l  so m ew ha t re se m b le  t h e  t
e co n o m ic s , i t  i s  p o s s ib l e  t o  c h a rg e  a s i g n i f i c a n t  am ount o f  th e  
e n e rg y  r e q u i r e d  t o  gr ow  th e  c ro p s  t o  t h e  o t h e r  c o - p r o d u c t s .
F u r t h e r ,  f o r  e v e ry  poun d o f  c o rn  h a r v e s t e d  fr om  th e  f i e l d s ,
one pound o f  s t o v e r  i s  l e f t  b e h in d  a s  w a s te . I f  30  p e r c e n t  o f
t h i s  w a s te  c an  b e  re m ov ed  w i th o u t  n e g a t i v e l y  im p a c ti n g  s o i l  f
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f e r t i l i t y  an d c o n s e r v a t io n ,  a n o th e r  15 p e r c e n t  r e d u c t io n  i n  th e  
e n e r g e t i c s  a t t r i b u t a b l e  t o  th e  p r o d u c t io n  o f  e th a n o l  i s  p o s s i b l e .  
T h is  r e d u c e s  th e  e n e rg y  in p u t  f o r  fa rm in g  t o  p ro d u c e  one g a l l o n  
o f  e th a n o l  t o  b e lo w  th e  3 0 ,0 0 0  B tu  e s t im a te d  a b o v e .

B a s i c a l l y ,  th e  ERAB R e p o r t u se d  d a ta  fr om  y e s t e r d a y 's  a g r i c u l t u r e  
an d e th a n o l  p r o d u c t io n  p r a c t i c e s ,  when th e  c o s t  an d a v a i l a b i l i t y  
o f  e n e rg y  was  o f  l i t t l e  c o n se q u e n c e , t o  d e s c r i b e  an  a lc o h o l  
f u e l s  i n d u s t r y  o f  to m orr ow  w here  th e  c o s t  an d a v a i l a b i l i t y  
o f  e n e rg y  w i l l  be  p a ra m o u n t.

5. POTENTIAL FOR REDUCING PRODUCTION COSTS

Th e ERAB G aso h o l R e p o r t e r r e d  in  i t s  a n a l y s i s  o f  c a r b o h y d r a te  
f e e d s to c k  c o s t s  by  f a i l i n g  t o  in c lu d e  c o - p ro d u c t  c r e d i t s  in  i t s  
c a l c u l a t i o n s .  A c co rd in g  t o  th e  ERAB R e p o r t,  " th e  c o s t  o f  c o rn  
c o n s t i t u t e s  a b o u t 73% o f  t h e  m a n u fa c tu r in g  c o s t  o f  e th a n o l ;  h e n c e , 
p r o c e s s  r e s e a r c h  d i r e c t e d  t o  o th e r  a r e a s  o f  c o s t  r e d u c t io n  w i l l  
h a v e  l i t t l e  im p a c t ."  3 6 / (E m phasi s s u p p l i e d )  In  o v e r lo o k in g  th e  
v a lu e  o f  th e  c o - p r o d u c t s  o f  e th a n o l  p r o d u c t i o n ,  t h e  S tu d y  Group  
ig n o re d  t h e  v a r i e d  econom ic  f a c t o r s  c u r r e n t l y  a c c e p te d  i n  a n a ly z in g  
an d b a la n c in g  t h e  c o s t  o f  p ro d u c in g  f u e l  g ra d e  e th a n o l .  ! 
C o n s e q u e n tl y , t h e  econom ic  c o n c lu s io n s  and  p r o j e c t i o n s  a r r i v e d  
a t  in  th e  ERAB R e p o r t a r e  n o t  in  s t e p  w i th  t h e  eco n o m ic s o f  
c u r r e n t  a lc o h o l  f u e l  p r o d u c t io n  te c h n o lo g y .

As a c o n te m p o ra ry  e x am p le , t h e  c o - p r o d u c t s  from  a w et m i l l i n g  
o p e r a t io n  a r e  w o rth  $ 1 .8 8  p e r  b u s h e l ,  a c c o r d in g  t o  th e  c u r r e n t  
m a rk e t v a lu e  o f  e a c h , a s  q u o te d  by  A r c h e r ,  D a n ie ls  M id la nd  
Co mpany . 2® / Th e fo l lo w in g  t a b l e  i s  b a s e d  on  c u r r e n t  (May 27,
19 80) f i g u r e s :

TABLE 4

WET CORN MIL LER'S  YIELDS AND ECONOMICS PER BUSHEL OF CORN

P ro d u c t Y ie ld  l b s .  $ / l b .  $ /b u . y i e l d

C o -P ro d u c ts
Cor n O il 1 .7 0 . 235 0.  40
G lu te n  Mea l 3 .0 0 .1 0 7 0 .3 2
G lu te n  Fe ed 1 4 .5 0 .0 4 9 0. 71
CO 2 1 5 .0 0 .0 3 0 .4 5
R e s id u e s  & lo s s e s 6 .8 — —

4 1 .0 $ 1 .8 8
A lc o h o l

E th a n o l , 2 .5  g a l . 1 5 .0 1 .8 0 /g a l $ 4 .5 0
TOTAL 56 l b s . $ 6 .3 8

C o s t o f  ra w  c o rn
(May 1980) 56 l b s . $ 2 .6 0

C o s t o f  f e e d s to c k  a s  p e r c e n ta g e  o f  
c u r r e n t  r e t u r n  v a lu e  o f  c o - p ro d u c ts

40 .7%
0



Th e m ark e t v a lu e  o f  c o rn  on  May 27 , 19 80  was  $ 2 • 6 0 / b u s h e l , 
a c c o r d in g  t o  th e  K ansa s C i ty  B oa rd  o f  T ra d e . 2 2 /

B ush el  o f  c o rn  ........................................
L ess  R e tu rn  v a lu e  o f  c o - p ro d u c ts  
N et  c a r b o h y d r a te  c o s t  ....................

$ 2 .6 0
. 1 .8 8

$ 0 .7 2

B as ed  up on  th e  c u r r e n t  c o s t  o f  c o rn  l e s s  t h e  c u r r e n t  r e t u r n  
v a lu e  o f  th e  c o - p r o d u c t s ,  th e  n e t  c a r b o h y d r a te  c o s t  o f  th e  
2 .5  g a l l o n s  o f  e th a n o l  p ro d u c ed  from  a b u s h e l  o f  c o rn  £ 2 /  
i s  $ 0 .7 2  p e r  b u s h e l  o r  $ 0 .2 9  p e r  g a l l o n  [$ 0 .7 2  x 2 .5  ( g a l lo n s  
o f  e th a n o l  p e r  b u s h e l  — i t  i s  p o s s ib l e  t o  re a c h  a t h e o r e t i c a l  
2 .7 0  g a l l o n s  o f  e th a n o l  p e r  b u s h e l )  = $ 0 .2 9 ] .  I f ,  f o r  th e  
sa k e  o f  ex am p le , t h e  f i g u r e s  i n  th e  ERAB R e p o r t a r e  a c c e p te d  
a s  a c c u r a t e ,  th e n  th e  n e t  c a r b o h y d r a te  c o s t  o f  a g a l lo n  o f  
e th a n o l  w ould  be  73 p e r c e n t  o f  $ 1 .2 0  p e r  g a l l o n  ( t h e  ERAB 
m a n u fa c tu r in g  c o s t ) ,  o r  $ 0 .9 2  p e r  g a l l o n ,  $ 0 .6 3  p e r  g a l lo n  
h ig h e r  th a n  th e  $ 0 .2 9  p e r  g a l l o n  a r r i v e d  a t  a b o v e . A d d i t io n -  
n a l l y ,  i f  th e  c u r r e n t  c o s t  o f  c o rn  i s  u s e d , u t i l i z i n g  th e  
R e p o r t 's  f i g u r e  o f  73 p e r c e n t  o f  m a n u fa c tu r in g  c o s t ,  t h i s  
w ould  le a d  t o  a p e r  g a l l o n  e th a n o l  p r o d u c t io n  c o s t  o f  $ 0 .4 0  
p e r  g a l l o n ,  a p p r o x im a te ly  o n e - t h i r d  o f  t h e  R e p o r t 's  e s t im a te  
(7 3 /1 0 0  = 0 .2 9 /x ,  w it h  x = 0 .4 0 ) .

A d d i t io n a l ly ,  i f  t h e  $ 1 .2 0  p e r  g a l l o n  f i g u r e  i s  a c c e p te d ,  th e n  
th e  n e t  c a r b o h y d r a te  c o s t  o f  $ 0 .2 9  p lu s  o t h e r  c o s t s  o f  $ 0 .2 8  
($ 1 .2 0  -  $ 0 .9 2 )  r e s u l t s  in  a t o t a l  m a n u fa c tu r in g  c o s t  o f  $ 0 .5 7 . 
T h e r e f o r e ,  a b o u t 50  p e r c e n t  o f  th e  c o s t  o f  m a n u fa c tu r in g  a lc o h o l  
i s  in  d e b t  s e r v i c e ,  e n e r g y , m a in te n a n c e , s u p p l i e s  an d l a b o r  — 
a l l  o f  w hic h  can  be  re d u c e d  w it h  f i n a n c i a l  a id  from  t h e  go v ern m en t 
an d p r o c e s s  r e s e a r c h  an d a s s i s t a n c e  from  th e  s c i e n t i f i c  an d 
t e c h n i c a l  co m m un ity in  im p ro v in g  c ro p  g ro w in g  an d c o n v e r s io n  
e f f i c i e n c i e s .

T ak en  a s  g iv e n ,  t h e  f i g u r e s  s e t  f o r t h  in  th e  ERAB R e p o rt le a d  
t o  r e s u l t s  w hic h  a r e  m is le a d in g  when co m pare d  t o  a c t u a l  c u r r e n t  
d a t a ,  a s  oppose d  to  e s t i m a t e s .  ERAB th u s  o v e r lo o k s  th e  m a jo r 
o p p o r t u n i t i e s  t o  re d u c e  th e  c o s t  o f  p ro d u c in g  th e  f e e d s to c k ,  
c o n v e r t in g  t h e  f e e d s to c k s  t o  e th a n o l  an d o t h e r  c o - p r o d u c t s  an d 
d e v e lo p in g  new  m a rk e ts  f o r  th e s e  c o - p r o d u c t s .

Th e d a ta  u se d  in  th e  c a l c u l a t i o n s  above w e re  b a se d  on a c t u a l  
May 27, 1980  m ark e t f i g u r e s .  As o f  J u ly  2 5 , th e  p r i c e  o f  c o rn  
t o  A rc h e r , D a n ie ls  M id la nd  h ad  in c r e a s e d  t o  $ 3 .0 7  p e r  b u s h e l  
fr om  $ 2 .6 0 . Th e v a lu e  o f  t h e  c o - p r o d u c t s  h a s  a l s o  in c r e a s e d ,  
b u t  n o t  a s  muc h;  th e  c o s t  o f  f u e l  g ra d e  a lc o h o l  h a s  re m ain ed  
a p p ro x im a te ly  th e  sa m e,  i n d i c a t i n g  t h a t  t h e  c o s t  o f  a lc o h o l  i s  
n o t  d i r e c t l y  g e a re d  t o  th e  p r i c e  o f  t h e  f e e d s to c k .  C o n se q u e n tl y , 
t h e  c o s t  o f  th e  f e e d s to c k  a s  a p e r c e n ta g e  o f  r e t u r n  v a lu e  o f  c o ­
p r o d u c ts  h a s  r i s e n  fr om  a b o u t  41 p e r c e n t  t o  46  p e r c e n t .  Und er  
t h e s e  c i r c u m s ta n c e s ,  t h e  c o s t  o f  c o rn  s t i l l  c o n s t i t u t e s  l e s s  th a n  
50 p e r c e n t  o f  t h e  m a n u fa c tu r in g  c o s t  o f  e th a n o l  p ro d u c e d .
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6 . THE CRITICAL NEED TO REDUCE AMERICA'S DEPENDENCE ON IMPORTED 
LIQUID FUEL

A dv an ce d E n g in e  T ec h n o lo g y

Th e ERAB R e p o rt r e c o g n iz e d  b u t  f a i l e d  t o  a d d re s s  t h e  m a jo r 
c a u s e  o f  t h e  N a t io n 's  e n e rg y  an d econom ic  d r a in  w hic h  i s  ro o te d  
in  th e  c o u n t r y 's  d ep en d en ce  on  i n t e r n a l  c o m b u s ti o n  e n g in e s  
fu e le d  by r e f i n e d  im p o rte d  p e tr o le u m . 1 1 /  Th e t r a n s p o r t a t i o n  
s e c to r  a c c o u n ts  f o r  25 p e r c e n t  o f  o u r  t o t a l  a n n u a l e n e rg y  
c o n su m p ti o n . 4 2 / We u se  a p p ro x im a te ly  6 .5  m i l l io n  b a r r e l s  
o f  g a s o l in e  a day  i n  th e  U .S . U . /

»

I f  d o m e s ti c  h ig h  g ra d e  re n ew a b le  l i q u i d  f u e l s  can  be  p ro d u c ed  
i n  t h i s  c o u n tr y  in  th e  n e a r - te r m  t o  b u rn  e f f i c i e n t l y  an d c l e a n l y  
i n  e x i s t i n g ,  m o d if ie d , o r  n e w ly -d e s ig n e d  e n g in e s ,  th e  eco nom ic  
d r a in  o f  A m eri can  d o l l a r s  t o  p e tr o le u m  e x p o r t in g  c o u n t r i e s  
w i l l  be  d r a m a t i c a l l y  re d u c e d . Th e A d m i n i s t r a t i o n 's  t a r g e t  
o f  500 m i l l i o n  g a l l o n s  o f  e th a n o l  p r o d u c t io n  d u r in g  198 1 w i l l  
r e d u c e  th e  n eed  t o  p u rc h a s e  o v e r  1 8 .3  m i l l i o n  b a r r e l s  o f  o i l  
o u t s i d e  t h e  U .S . a t  an  e s t im a te d  d i r e c t  s a v in g s  o f  mor e th a n  a 
h a l f  b i l l i o n  d o l l a r s .  4 4 /  T h is  f i g u r e  d o es  n o t  ta k e  i n t o  
a c c o u n t  th e  m u l t i p l i e r  e f f e c t  o f  r e t a i n i n g  c a p i t a l  i n  l o c a l  
c o m m u n it ie s  an d in  t h i s  c o u n tr y .

P io n e e r in g  e f f o r t s  in  t h e  d e v e lo p m en t o f  new f u e l  s o u r c e s  w i l l  
n o t o n ly  re d u c e  d ep en d en ce  on  im p o rte d  o i l ,  b u t  w i l l  a l s o
h e lp  t o  s t a b i l i z e  f u e l  c o s t s  £® / an d st em  i n f l a t i o n  th ro u g h  t h e  
c o m p e t i t iv e  a d v a n ta g e s  o f  U .S . a g r i c u l t u r e .  £ 2 /  K eep in g money  
s p e n t  f o r  e n e rg y  i n  l o c a l  c o m m u n it ie s  w here  a l l  c i t i z e n s  can  
b e n e f i t  from  th e  m u l t i p l i e r  e f f e c t  i s  an  im p o r ta n t  c o n s i d e r a t i o n  
i n  e v a lu a t i n g  e n e rg y  o p t io n s .

F u r t h e r ,  t h e  ERAB R e p o r t made no  m e n ti o n  o f  th e  many in n o v a t io n s  
co m in g on  l i n e  t h a t  w i l l  s i g n i f i c a n t l y  i n c r e a s e  th e  co m b u s ti o n  
e f f i c i e n c y  an d im pro ve th e  econom ic s o f  u s in g  fo rm u la te d  a lc o h o l  
f u e l s .  4 ®/  A lc o h o l — b o th  e th a n o l  an d m eth an o l — a r e  s im p le , 
o ne  com ponen t f u e l s  w h il e  g a s o l in e  . a co m pl ex  m ix tu re  o f  
s e v e r a l  h y d r o c a rb o n s , h a s  e v o lv e d  an d im pro ved  d u r in g  t h i s  
c e n tu r y .  2 2 /  F o rm u la te d  a lc o h o l  f u e l s ,  o t h e r  th a n  f o r  r a c in g  
c a r s  a t  e v e n ts  su ch  a s  th e  I n d i a n a p o l i s  500 , h a v e  r e c e iv e d  
l i t t l e  a t t e n t i o n  an d l i t t l e  d e v e lo p m e n ta l s u p p o r t .  £ 1 /

A

r



Now, h o w ev er,  A m eri can  c r e a t i v i t y  an d m e c h a n ic a l g e n iu s  a r e  
co m in g i n t o  p la y  an d e n g in e  m o d i f i c a t io n s  a s  w e l l  a s  new d e s ig n s  a r e  a p p e a r in g  a l l  o v e r  t h e  c o u n tr y  5 2 / ,  i n c l u d i n g :  m a n if o ld  
d e s ig n s ;  p r e h e a t e r s ;  f u e l  v a p o r iz e r s ,  i n j e c t o r s  an d i n d u c t o r s ;  
c o m p re ss io n  r a t i o  an d t im in g  m o d i f i c a t io n s ;  e x h a u s t  r e c y c l in g  s y s te m s ; an d f u e l  a d d i t i v e s  an d new f o r m u la t io n s ,  a s  w e l l  a s  o t h e r  a d v an c es  su ch  a s  tu r b o c h a r g in g .  53 /

In  g e n e r a l ,  c u r r e n t  e n g in e s  ca n  ac co m m odat e g a so h o l an d some a lc o h o l  fo rm u la te d  f u e l s .  5 4 / H ow ev er , s im p le  an d mor e co m pl ex  
m o d i f i c a t io n s  now co m in g on l i n e  w i l l  p u t  th e s e  f u e l s  i n  a muc h more f a v o r a b le  c o m p e t i t iv e  p o s i t i o n .  55 /  A lt h o u g h  th e  ERAB R e p o rt  
d id  n o t  a d d r e s s  t h i s  i s s u e ,  a lc o h o l  f u e l s  ( e th a n o l  an d m e th a n o l)  
a r e  g e n e r a l l y  ju d g ed  a g a i n s t  g a s o l in e  an d d i e s e l  b u rn e d  in  
e n g in e s  d e s ig n e d  s p e c i f i c a l l y  f o r  th e  l a t t e r  f u e l s .  We sh o u ld  b e g in  to  r e - e v a l u a t e  t h e  v a lu e  o f  a l l  a lc o h o l  f u e l s  co m bust ed  i n  e n g in e s  s p e c i f i c a l l y  m o d if ie d  o r  d e s ig n e d  f o r  t h e i r  u se  so  
t h a t  we can  f a i r l y  an d a c c u r a t e ly  com pare  fo rm u la te d  a lc o h o l  
f u e l s  w i th  g a s o l in e  an d d i e s e l .  A B tu  o f  a lc o h o l  d o e s  more 
wor k th a n  a B tu  o f  r e g u l a r  u n le a d e d  g a s o l in e ,  and  on  a B tu  
b a s i s ,  a lc o h o l  b le n d s  a r e  g e n e r a l l y  b e t t e r  th a n  s t r a i g h t  g a s o l in e .

Im p ro v in g  N a t io n a l  D e fe n se

In  th e  e v e n t o f  a s e r i o u s  c u r ta i l m e n t  o f  o i l  im p o r ts , o r  a 
m a jo r n a tu r a l  o r  m an -c au sed  d i s a s t e r ,  an  e x te n s iv e  an d d i s p e r s e d  
a lc o h o l  f u e l s  p r o d u c t io n  c a p a c i ty  w i l l  be  o f  c r i t i c a l  im p o rta n c e  in  e n s u r in g  a s t e a d y  f lo w  o f  e th a n o l  t o  f u e l  fa rm in g  e q u ip m e n t,  
th e r e b y  p e r m i t t i n g  c o n ti n u e d  a g r i c u l t u r a l  p r o d u c t io n  an d d i s t r i ­
b u t io n .  Und er  th e  a d v e r s e  c o n d i t io n s  d e s c r ib e d  a b o v e , t a n k e r s ,  b a r g e s ,  r e f i n e r i e s  an d p i p e l i n e s  may  be  o f  l im i te d  v a lu e  in  
s u p p ly in g  f u e l s  t o  fa rm s . F u r th e r ,  by  h a v in g  e th a n o l  im m e d ia te ly  a v a i l a b l e  t o  fa rm in g  a r e a s ,  mo re g a s o l in e  an d d i e s e l  w ould  be 
a v a i l a b l e  t o  m ee t c r i t i c a l ,  n o n - a g r i c u l t u r a l  n e e d s . T h ere  i s  p re c e d e n c e  f o r  t h i s  - -  th e  s i z e a b l e  f e r m e n ta t io n  e th y l  a lc o h o l  
c a p a c i ty  t h a t  e x i s t e d  d u r in g  W or ld  War I I  was  u t i l i z e d  u n d e r  
em erg en cy  c o n d i t i o n s  t o  p ro v id e  t h e  r e q u i r e d  e th y l  a lc o h o l  to  p ro d u c e  s y n t h e t i c  r u b b e r .

"As th e  w o rl d  a d v a n c e s  i t s  a r s e n a l  o f  n u c le a r  w eapons,  i t  
bec om es  i n c r e a s i n g l y  im p o r ta n t  t h a t  th e  U n it e d  S t a t e s  h a v e  th e  
c a p a b i l i t y  t o  w i th s ta n d  a p re e m p ti v e  f i r s t  s t r i k e .  I t  i s  
im p o r ta n t  t o  r e c o g n iz e  t h e  v a lu a b le  c o n t r i b u t i o n  o f  a h ig h ly  
d i s p e r s e d ,  s e l f - c o n t a i n e d  l i q u i d  f u e l  p r o d u c t io n  sy s te m  t o  
s e r v e  t h e  v a s t  U .S . fa rm in g  co m m un ity i n  d e te r m in in g  t h e  s t r a t e g i c  d e f e n s e s  o f  th e  U n it e d  S t a t e s , "  a c c o r d in g  t o  th e  Form er  C hai rm an  
o f  t h e  J o i n t  C h ie f s  o f  S t a f f ,  A d m ir a l Th om as H. M oore r,  U .S .N . ( R e t ) .  5 6 /
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Th e ERAB R e p o rt s a id  t h a t  " e th a n o l  can  be  p ro d u c ed  on  i n d iv i d u a l  
fa rm s in  s m a l l - s c a l e  o p e r a t io n s  an d t h e  w et  s t i l l a g e  fe d  t o  
l i v e s t o c k .  A lt h o u g h  th e  t o t a l  e n e rg y  c o n t r i b u t i o n  w i l l  p ro b a b ly  
be  s m a ll , t h e s e  s m a l l - s c a l e  u n i t s  w ould  o f f e r  a d e g re e  o f  fa m il y  
s e l f - s u f f i c i e n c y . "

T h is  comm ent d i s r e g a r d s  th e  f a c t  t h a t  fa rm e rs  a r e  t o t a l l y  
d e p en d e n t up on  a t im e ly  fl ow  o f  f u e l  t o  pow er  fa rm  m a c h in e ry . 
When f u e l  s u p p l i e s  t o  th e  fa rm e r a r e  i n t e r r u p t e d ,  s e e d s  a r e  
n o t  p l a n t e d ,  f e r t i l i z e r s  o r  p e s t i c i d e s  a r e  n o t  a p p l i e d ,  an d 
c ro p s  a r e  l e f t  t o  r o t  i n  th e  f i e l d s .  T hus,  i t  i s  n o t  o n ly  a 
m a t te r  o f  e n e rg y  s e l f - s u f f i c i e n c y ,  b u t  more a m a t te r  o f  th e  
r e l i a b i l i t y  an d c o n t i n u i ty  o f  s u p p ly in g  a g r i c u l t u r a l  p r o d u c ts  
w hic h  i s  a t  s t a k e .  In  t h i s  c a s e ,  e n e rg y  s e l f - s u f f i c i e n c y  
mea ns  e n e rg y  s e l f - d e p e n d e n c e .  I n t e r r u p t i o n  i n  im p o rte d  o i l  
d e l i v e r i e s  need  n o t  i n t e r r u p t  d e l i v e r y  o f  d o m e s ti c  fo od s u p ­
p l i e s  t o  c o n su m e rs . A s t e a d y  fl o w  o f  fo o d  s u p p l i e s  i s  b e s t  
e n s u re d  wh en d i s p e r s e d  f a rm - s c a le  e th a n o l  p r o d u c t io n  i s  e n c o u r ­
ag ed  an d th e  c o n t r i b u t i o n  o f  su ch  p r o d u c t io n  i s  r e c o g n iz e d  a s 
e s s e n t i a l  t o  o u r  n a t i o n a l  s e c u r i t y .  I t  sh o u ld  be  re m em ber ed  
t h a t  11 m i l l i o n  cows  in  th e  U n it ed  S t a t e s  p ro d u c e  15 b i l l i o n  
g a l l o n s  o f  m il k . An e q u iv a le n t  l e v e l  o f  e th a n o l  p r o d u c t io n  in  
th e  r u r a l  a r e a s  w ould  go  a lo n g  way  to w a rd s  m ak in g t h e  n a t i o n 's  
fa rm s e n e rg y  s e l f - d e p e n d e n t .

7 . PROBLEMS OF METHANOL COMPARED TO ETHANOL PRODUCTION

The ERAB R e p o rt to u c h e d  b r i e f l y  an d o n ly  s u p e r f i c i a l l y  on  th e  
e n v ir o n m e n ta l p ro b le m s  o f  m e th an o l an d th e n  g e n e r a l l y  fo c u se d  
on  th e  n e g a t iv e  a s p e c t s  o f  e th a n o l  p r o d u c t io n .  No m en ti o n  was 
made by  ERAB t h a t  CO2 b u i ld u p  in  th e  u p p e r  a tm o sp h e re  w i l l  
b e  te m p e re d  by a lc o h o l  p r o d u c t io n  from  b io m a ss  (COj  i s  e x t r a c t e d  
from  th e  a tm o sp h e re  by g ro w in g  p l a n t s )  an d w o rs en ed  by  m e th a n o l 
p r o d u c t io n  from  c o a l .  A gro w in g  nu m be r o f  s c i e n t i s t s  r e g a r d  
CO2 b u i ld u p  a s  a m a jo r e n v ir o n m e n ta l  p ro b le m  st em m in g from  
t h e  e v e r - i n c r e a s in g  co m b u s ti o n  o f  f o s s i l  f u e l s  —  o i l ,  g a s  an d 
c o a l .

Th e m a jo r  e n v ir o n m e n ta l  c o n c e rn s  a s s o c i a t e d  w i th  c o n v e r s io n  o f  
c o a l  t o  m e th a n o l w ere  m en ti o n ed  o n ly  s u p e r f i c i a l l y  i n  t h e  ERAB 
R e p o r t.  The G aso h o l S tu d y  Group  m u st  h a v e  know n t h a t  th e  w a te r  
n e e d s  an d w a s te  w a te r  t r e a tm e n t  r e q u ir e m e n ts  a s w e l l  a s  th e  
r e l e a s e  o f  c a r c in o g e n ic  m a t e r i a l s  i n t o  th e  e n v ir o n m e n t a r e  f a r  
more s e r i o u s  i n  th e  p r o c e s s  o f  c o n v e r t in g  c o a l  t o  m eth an o l 
th a n  i n  t h e  m or e b e n ig n  c o n v e r s io n  o f  b io m a ss  t o  e th a n o l .
Much lo w er t e m p e r a tu r e s  a r e  n eed ed  t o  c o n v e r t  b io m ass  t o  e th a n o l  
th a n  c o a l  t o  m e th a n o l,  f o r  w h ic h  t e m p e r a tu r e s  in  e x c e s s  o f  
10 00  d e g re e s  F . a r e  r e q u i r e d .  A lt h o u g h  t h e s e  t e m p e ra tu r e s  
a r e  n o t  e x c e s s iv e ,  some s c i e n t i s t s  a r e  beco m in g  i n c r e a s i n g l y  
c o n c e rn e d  a b o u t th e  p r im a ry  an d s e c o n d a ry  e f f e c t s  o f  h ig h  
te m p e ra tu r e  e n e rg y  c o n v e r s io n  s y s te m s . F u r t h e r ,  ERAB d id  n o t



d i s c u s s  th e  m an ag em en t o f  th e  s lu d g e  g e n e r a te d  by c o a l  to  
m eth an o l a s a s i g n i f i c a n t  e n v ir o n m e n ta l c o n s i d e r a t i o n .  Th e 
ERAB a p p ro a c h  o f  f a v o r in g  m eth an o l p r o d u c t io n  from  c o a l  o v e r  
e th a n o l  from  b io m ass  u n n e c e s s a r i ly  p i t s  one e n e rg y  sy s te m  a g a in s t  
a n o th e r  when th o s e  sy s te m s  can  an d s h o u ld  be  c o m p le m en ta ry .
For ex am p le , t h e r e  a r e  m i l l io n s  o f  a c r e s  o f  n o n -p ro d u c in g  ( i n  
te rm s  o f  b io m a ss )  p e a t  bo g s in  th e  U n it e d  S t a t e s .  P e a t c o u ld  be  
c o n v e r te d  i n t o  h u n d re d s  o f  b i l l i o n s  o f  g a l l o n s  o f  a lc o h o l  f u e l s .  
Th e r e s i d u a l  h ig h  o r g a n ic  m a te r i a l  c o u ld  be  co m bin ed  w ith  m in e ra l 
r i c h  s u b s o i l ,  c o n to u re d  an d t r a n s fo rm e d  i n t o  p r o d u c t iv e  fa rm la n d . 
P u t t in g  t h i s  " n o n -p ro d u c ti v e "  la n d  i n t o  fo o d  an d e n e rg y  c ro p s  
c o u ld  be  a m a jo r a d v a n ta g e  to  l o c a l  c o m m u n it ie s  an d th e  N a t io n . 
F u r th e r ,  i n  s t r ip m in e d  a r e a s ,  p r u d e n t  c u l t i v a t i o n  o f  e n e rg y  
an d fo od  c ro p s  w i l l  n o t  o n ly  p ro d u c e  fo o d , fe e d  an d b i o f u e l s ,  
b u t  w i l l  a l s o  d e v e lo p  to p  s o i l  an d r e s t r u c t u r e  th e  w a te rsh e d  in  
an  e n v ir o n m e n ta ll y  e n h a n c in g  m an ner.

Th e ERAB R e p o rt d id  n o t c o n s id e r  t h e  p r o d u c t io n  o f  m e th an o l 
from  c e l l u l o s e .  As r e p o r t e d  i n  th e  SER I c r i t i q u e  o f  t h e  ERAB 
R e p o r t,  t h i s  " i s  p a r t i c u l a r l y  d i f f i c u l t  to  u n d e r s ta n d  in  l i g h t  
o f  th e  g ro w in g  body  o f  l i t e r a t u r e  on  g a s i f i c a t i o n  an d m eth an o l 
s y n th e s i s  from  b io m a ss , an d th e  r e l a t i v e l y  h ig h  f e e d s to c k  t o  
f u e l  c o n v e r s io n  e f f i c i e n c y  o f  th e  new  p r o c e s s ."

I t  a p p e a rs  t h a t  th e  eco nom ic s o f  c o n v e r t in g  b io m ass  t o  m e th a n o l 
wou ld  f a v o r  s m a l l e r ,  c o m m u n it y -o r ie n te d  p l a n t s ,  w h il e  t h e  c o a l  
t o  m e th a n o l p r o c e s s  w ou ld  r e q u i r e  much l a r g e r ,  c a p i t a l  i n t e n s i v e  
f a c i l i t i e s .  C o n s e q u e n tl y , th e  i n i t i a l  c o s t  t o  b r in g  p r o d u c t io n  
on  l i n e  w i l l  be  much h ig h e r  f o r  l a r g e  c o a l  c o n v e rs io n  p l a n t s  
th a n  f o r  s m a l le r  b io m a ss  c o n v e r s io n  p l a n t s ,  w it h  c o r r e s p o n d in g ly  
lo w er c a p i t a l  c o s t s  p e r  g a l l o n .

The  ERAB R e p o rt f a i l e d  t o  m en ti o n  em erg in g  an d u n fo re s e e n  t e c h ­
n i c a l  p ro b le m s , p a r t i c u l a r l y  th e  la c k  o f  s u i t a b l e  e q u ip m e n t,  in  
th e  c o a l  c o n v e r s io n  p r o c e s s .  5 7 / S e v e re  o p e r a t in g  c o n d i t i o n s ,  
p r i m a r i l y  h ig h  t e m p e r a tu r e s  an d p r e s s u r e s ,  a r e  p ro d u c in g  g r e a t e r  
c o r r o s io n  an d e r o s io n  th a n  wa s o r i g i n a l l y  a n t i c i p a t e d  i n  pu mps 
an d v a lv e s .  5 8 / M ech an ic a l f a i l u r e s  h a v e  b een  a t t r i b u t e d  to  
h a p h a z a rd  eq u ip m e n t d e v e lo p m en t a s  w e l l  a s  th e  h a r s h  c o n d i t i o n s  
in  th e  p ip e s  a s s o c i a t e d  w it h  th e  p r o c e s s .  5 9 / At t h i s  ti m e , 
c o s t  c o m p a ris o n s  b e tw ee n  e th a n o l  from  g r a i n ,  a te c h n o lo g y  
c o m m e rc ia ll y  a v a i l a b l e  an d in  w id e sp re a d  o p e r a t i o n ,  and  m e th a n o l 
from  c o a l ,  a r e  s u s p e c t .  M eth an ol fr om  c o a l  i s  s t i l l  a r e l a t i v e l y  
u n p ro v en  te c h n o lo g y  o n ly  now a p p ro a c h in g  t h e  d e m o n s tr a t io n  an d 
e v a lu a t io n  s t a g e  in  th e  U .S . U n t i l  a c c e p t a b le  p l a n t  r e l i a b i l i t y  
an d e x te n d e d  o p e r a t in g  e x p e r ie n c e  a r e  a c h ie v e d  w it h  th e  l a t t e r  
te c h n o lo g y , p e r fo rm a n c e , p ro d u c t io n  and  c o s t  e s t im a te s  a r e  n o t 
r e l i a b l e .  H ow ev er , t h e  e n g in e e r in g  d e la y s  i n  th e  c o n v e r s io n  o f  
c o a l  t o  m e th a n o l w i l l  p ro b a b ly  b e  overc om e by  t h e  m id - 1 9 8 0 's .
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T h is  h ig h - g r a d e  l i q u i d  f u e l ,  s u p p o r te d  by  th e  p io n e e r in g  e f f o r t s  
i n  e th a n o l  p r o d u c t io n ,  e n g in e  c o n v e r s io n  an d i n  c o m b u s ti o n  
e q u ip m e n t w i l l  make a m a jo r  c o n t r i b u t i o n  t o  th e  e n e rg y  in d e p e n ­
d en ce  o f  th e  U n it e d  S t a t e s .

J

f

The  ERAB R e p o r t,  i n  d i s c u s s in g  e n v ir o n m e n ta l f a c t o r s  in v o lv e d  
i n  a lc o h o l  p r o d u c t io n  - -  e th a n o l  an d m e th a n o l — r a i s e d  t h e  i s s u e  
o f  to p  s o i l  l o s s .  W it h o u t q u e s t io n ,  t h e r e  i s  a c r i t i c a l  nee d 
t o  p r o t e c t  th e  to p  s o i l ,  g ro und an d s u r f a c e  w a te r  a s  w e l l  a s  
p e r e n n ia l  s t a n d s  o f  b io m a ss  — g ro u n d , b u sh  an d t r e e  c o v e r  — 
w hic h in  t u r n  p r o t e c t  t h e  w a te rs h e d . I t  i s  l i k e l y  t h a t  t h i s  
can  b e s t  b e  a c c o m p li sh e d  th ro u g h  l e s s  d e p en d e n ce  on  e n e rg y  
i n t e n s i v e ,  c h e m ic a l i n t e n s i v e ,  c a p i t a l  i n t e n s i v e  an d m ec h an iz ­
a t i o n  i n t e n s i v e  fa rm in g , an d an  ad v an cem en t i n t o  a m or e harm on­
io u s  r e l a t i o n s h i p  w it h  n a tu r e  an d an  in c r e a s e d  a p p r e c i a t i o n  o f  
b i o l o g i c a l  p r o c e s s e s .

H o p e fu l ly , t h e  im pro ved  eco nom ic s o f  fa rm in g  w ith  th e  a d v e n t 
o f  th e  a lc o h o l  f u e l s  i n d u s t r y  w i l l  r e d u c e  in co m e p r e s s u r e s  an d 
o b v ia t e  s t r e s s e d  la n d  m an ag em en t p r a c t i c e s  g e n e r a l l y  a s s o c i a t e d  
w it h  fa rm in g  u n d e r  s e v e re  ec onom ic  p r e s s u r e s .  T h is  i n  t u r n  
may p e r m i t  us t o  p ro c e e d  w it h  th e  m a jo r  t a s k  o f  e n h a n c in g  t h e  
n a t i o n 's  fa rm in g  e n v ir o n m e n t so  t h a t  re n e w a b le  b io m a ss  r e s o u r c e s  
w i l l  in  f a c t  be  f u l l y  r e n e w a b le . We sh o u ld  a l s o  r e c o g n iz e  t h a t  
i n  c e r t a i n  p a r t s  o f  th e  c o u n tr y  t h e  p r o d u c t io n  o f  e th a n o l  from  
c ro p s  w i l l  com pete  w i th  m e th an o l from  c o a l  f o r  l im i te d  s u p p l i e s  
o f  w a te r . T h is  t r a d e o f f  m ust  c o n s id e r  t h e  q u a l i t y  o f  t h e  w a te r  
d i s c h a r g e d  fr om  t h e  r e s p e c t i v e  p r o c e s s in g  p l a n t s .  A g a in , t h e r e  
c o u ld  w e l l  be  a s y m b io ti c  r e l a t i o n s h i p  b e tw ee n  th e  p r o d u c t io n  o f  
m e th a n o l fr om  c o a l  an d t h e  g ro w in g  o f  b io m a s s .

8.  VALUE AND USES OF CO2

The  ERAB R e p o rt f a i l e d  t o  d i s c u s s  t h e  ma ny  u s e s  o f  C0 2 , i n c l u d ­
in g  i t s  u se  i n  o i l  r e c o v e r y ,  1 2 /  s t o r a g e ,  Q J  r e f r i g e r a t i o n ,  1 2 /  
fo od  p r e p a r a t i o n ,  i r r i g a t i o n  w a te r , 127 b e v e ra g e  c a r b o n a t io n ,  
an d a i r  o r  w a te r  i n j e c t i o n  sy s te m s  t o  a c c e l e r a t e  t h e  g ro w th  o f  
t e r r e s t i a l  an d a q u a t i c  b io m a ss . 1 2 / W he re  m a rk e ts  e x i s t ,  . 
t h e  c u r r e n t  v a lu e  o f  CO2 i s  a p p ro x im a te ly  $ 0 ,0 3  a pound , — ' 
and  each  b u s h e l  o f  c o rn  p ro d u c e s  15 p o u n d s — ' o f  CO,  f o r  a 
v a lu e  o f  $ 0 .4 5 . One f i r m  i s  o f f e r i n g  t o  p r o v id e  p r o c e s s  h e a t  
from  CO2  c o m p re s s o rs  t o  d r i v e  an  a lc o h o l  p l a n t  in  ex ch an g e  f o r  
t h e  CO, . — 7 In  t h i s  ty p e  o f  p l a n t ,  a s  w e l l  a s  i n  many o t h e r  
f a c i l i t i e s  b e in g  d r iv e n  by w a s te  h e a t ,  t h e  a c t u a l  am ount o f
new e n e rg y  p ro v id e d  by p e tr o le u m  f u e l s  i s  c lo s e  t o  z e r o ,  b e in g  
u sed  m a in ly  f o r  l i g h t i n g  an d pu m ps .

f



EVALUATION OF ERAB RECOMMENDATIONS

A lt h o u g h  th e  ERAB R e p o rt  i s  m is le a d in g  an d in c o m p le te  in  
a d d r e s s in g  som e s p e c i f i c  i s s u e s ,  p o r t i o n s  o f  th e  R e p o r t 's  
f o u r te e n  re co m m en d a ti o n s a re  v a l i d  an d sh o u ld  be  a c c e p te d .
The f o l lo w in g  i s  an  a n a l y s i s  o f  e a c h  ERAB re co m m en d a ti o n :

1.  At t h i s  t im e , we g e n e r a l l y  a g re e  w it h  ERAB re com m endati on  
Num ber  1 t h a t  c u r r e n t  i n c e n t iv e s  f o r  in v e s tm e n t  i n  e th a n o l  
p r o d u c t io n  a r e  a d e q u a te , a l th o u g h  i t  i s  u n c le a r  w h e th e r 
ERAB c o n s id e re d  th e  p r o v i s io n s  c o n ta in e d  in  th e  E ner gy  
S e c u r i t y  A ct  o f  1980 (P .L . 9 6 -2 9 4 ) i n  t h e i r  re co m m en d a ti o n . 
T h is  co m bin ed  p a ck a g e  o f  i n c e n t i v e s ,  t h o s e  c u r r e n t l y  in  
p la c e  an d th o s e  in c lu d e d  in  P .L . 9 6 -2 9 4 , sh o u ld  be 
a d e q u a te  t o  s t i m u l a t e  th e  pow er  e th a n o l  i n d u s t r y .

In  o r d e r  t o  re d u c e  d ep en d en ce  on  im p o r te d  o i l ,  b io m ass  
e n e rg y  c o n v e r s io n  sy s te m s  sh o u ld  n o t u se  o i l .  N a tu ra l  
gas an d p ro p a n e  sh o u ld  be  u se d  o n ly  wh en i t  i s  c l e a r l y  
a d v a n ta g e o u s  b o th  in  d o l l a r s  an d n e t  e n e rg y . P e tr o le u m -  
b a se d  f u e l s  sh o u ld  be  p h a se d  o u t  a s  c o a l  an d re n ew a b le  
e n e rg y  s o u r c e s  be co m e more r o u t i n e l y  u sed  a s  p r o c e s s  h e a t  
f o r  a lc o h o l  p l a n t s .  How ev er , in  th e  n e a r  te rm  (o v e r  th e  
n e x t  4 y e a r s ) ,  s m a l l - s c a l e  p l a n t s  sh o u ld  be  p e r m i t te d  to  
u se  an y fo rm  o f  a v a i l a b l e  e n e rg y . I t  w i l l  t a k e  a b o u t 
t h a t  l e n g th  o f  ti m e  f o r  th e  th e rm a l  e n e rg y  i n d u s t r y  (w hic h 
p ro d u c e s  b o i l e r s ,  h e a t  e x c h a n g e r s , s o l a r  c o l l e c t o r s ,  an d 
k i n e t i c  h e a t e r s )  to  s h i f t  fr om  p e tr o le u m -b a s e d  f u e l  t o  
c o a l  an d b io m ass  f u e l s  ( i n c lu d in g  m e th a n e , a lc o h o l  an d 
c ro p  o r  f o r e s t  r e s i d u e s ) ,  t o  s o l a r  f o r  p ro c e s s  h e a t ,  an d 
t o  c o - g e n e r a t i o n .  By c o m p a r is o n , t h e  o i l  com pan ie s r e f i n e  
im p o rte d  o i l  w i th  n a tu r a l  g a s  (a s  a h e a t  s o u rc e )  an d a r e  
u n d e r no  p r e s s u r e  t o  s h i f t  t o  c o a l  o r  b io m ass  a s  a p r o c e s s  
f u e l .

2 . We d i s a g r e e  w i th  ERAB re co m m en d a ti o n  Num ber  2 , w h ic h  s e t s  
f o r t h  ERAB' s e s t im a te s  o f  e th a n o l  p r o d u c t io n ,  b e c a u se  in  
d e v e lo p in g  t h e s e  e s t im a te s ,  t h e  S tu d y  Group  f a i l e d  t o  ta k e  
i n t o  a c c o u n t s e v e r a l  A d m in is t r a t io n  an d C o n g re s s io n a l  
i n i t i a t i v e s  w h ic h  a t  th e  ti m e  o f  th e  f i n a l  R e p o r t 's  r e l e a s e  
h ad  a l r e a d y  h ad  a s u b s t a n t i a l  im p a c t on  a lc o h o l  f u e l s  
d e v e lo p m e n t.  We do  a g re e  t h a t  " e th a n o l  p r o d u c t i o n . . .  
s h o u ld  be  a ll o w e d  t o  f in d  i t s  own l e v e l  b a se d  on  c u r r e n t  
i n c e n t i v e s " ,  wh en  th o s e  i n c e n t iv e s  i n  P .L . 96-2 94 a r e  in c lu d e d  
The ERAB e s t im a te  o f  20 0 t o  300 m i l l i o n  g a l lo n s  p e r  y e a r  
by  19 85  may b e  low by  a s  much a s  a f a c t o r  o f  10 . E th a n o l 
p r o d u c t io n  c a p a b i l i t y  i s  c u r r e n t l y  a t  an  a n n u a l r a t e  o f



m or e th a n  130 m i l l io n  g a l l o n s ;  i t  w i l l  re a c h  500 m i l l i o n  
g a l l o n s  d u r in g  1981  an d may e x ce ed  2 b i l l i o n  g a l lo n s  
d u r in g  1985. A ll  a v a i l a b l e  d a ta  i n d i c a t e  t h a t  th e  A dm in i­
s t r a t i o n ' s  g o a l  ca n  n o t  o n ly  b e  m e t,  b u t  w i l l  be  e x c e e d e d .

We a g re e  w i th  ERAB re co m m en d a ti o n  Num ber  3 t h a t  t a x  
i n c e n t iv e s  sh o u ld  b e  m o n it o re d  c a r e f u l l y ,  b u t t h i s  i s  
n o t n e c e s s a r y  t o  e n s u re  t h a t  n eed ed  fo o d  an d fe ed  s u p p l i e s  
c o n t in u e  t o  be  a v a i l a b l e  a t  r e a s o n a b le  p r i c e s ,  a s  ERAB 
s u g g e s t s .  R a th e r , i t  i s  b e c a u s e  c o n ti n u e d  m o n it o r in g  
o f  an y i n c e n t iv e  i s  a p ru d e n t  c o u r s e .  E v id e n ce  p r e s e n te d  
i n  t h i s  r e s p o n s e  i n d i c a t e s  t h a t  t h e  A d m i n i s t r a t i o n 's  
e th a n o l  p ro g ra m  w i l l  n o t h av e  an  a d v e r s e  e f f e c t  on  fo od 
su p p ly  o r  p r i c e s  be yond t h a t  n e c e s s a r y  t o  s t r e n g th e n  
t h e  fa rm  ec on om y.

We a g re e  w i th  ERAB re co m m en d a ti o n  Number 4 t h a t  
in v e s tm e n ts  sh o u ld  be  p r o t e c t e d .

We d i s a g r e e  w i th  th e  r e a s o n in g  o f  ERAB re co m m en d a ti o n  
Numb er 5 t h a t  a d d i t i o n a l  f i n a n c i a l  i n c e n t iv e s  t o  p ro m o te  
e th a n o l  p r o d u c t io n  sh o u ld  n o t be  im p le m en te d  ( i f  t h e  nee d 
f o r  a s s i s t a n c e  a r i s e s )  b e c a u se  o f  " th e  l i k e l y  a d v e n t o f  
lo w e r c o s t  a l t e r n a t i v e  l i q u i d  f u e l s  su ch  a s  m e th a n o l fr om  
c o a l  an d e th a n o l  from  c e l l u l o s e  in  th e  1 9 9 0 s ."  I t  i s  
i l l o g i c a l  t o  d is c o u r a g e  p r o d u c t io n  o f  h ig h  g ra d e  l i q u i d  
f u e l s ,  su c h  a s  c u r r e n t ly - p r o d u c e d  e th a n o l  from  s t a r c h  an d 
s u g a r  c r o p s ,  t h a t  re d u c e  d e p e n d e n c e  on im p o rte d  p e tr o le u m  
no w, in  a n t i c i p a t i o n  o f  a f u t u r e  t e c h n o lo g y . T h is  i s  
t r u e  p a r t i c u l a r l y  w i th  a te c h n o lo g y  su ch  a s  g a s o l in e  from  
m eth an o l d e r iv e d  from  c o a l ,  w hic h  i s  now a p p ro a c h in g  th e  
p i l o t  an d e v a lu a t i o n  s t a g e  i n  Ge rm any (w it h  U .S . p a r t i c i ­
p a t i o n )  an d f o r  w hic h  p e r fo rm a n c e , p r o d u c t i v i t y  an d c o s t s  
a r e  y e t  u n d e te rm in e d . A d d i t io n a l  f i n a n c i a l  i n c e n t iv e s  
w i l l  n o t  be  n e c e s s a r y  i f  th e  e th a n o l  from  b io m ass  i n d u s t r y  
i s  r e a c h in g  th e  p r o d u c t io n  g o a ls  s e t  by  th e  A d m in is t r a t io n  
an d C o n g re s s , a s  e x p e c te d .

We a g re e  w i th  ERAB's e n v ir o n m e n ta l  c o n c e rn s  o u t l i n e d  i n  
re co m m en d a ti o n  Nu mb er 6.  The same re co m m en d a ti o n , 
h o w e v e r,  i s  e q u a l ly  a p p l i c a b l e  to  a l l  s y n t h e t i c  f u e l s .

We b e l i e v e  t h a t  ERAB re co m m en d a ti o n  Number 7 sh o u ld  be  
au gm ente d  by r e c o g n iz in g  t h a t  a s s e s s m e n ts  o f  f u e l  
r e p la c e m e n t  e q u iv a l e n t s  w i l l  c o n t in u e  t o  be  in c o n c lu s iv e  
u n t i l  "s o u n d  a u to m o ti v e  f l e e t  t e s t s "  i n c lu d e  t e s t s  w hic h  
t a k e  f u l l  a d v a n ta g e  o f  th e  s p e c i a l  c h a r a c t e r i s t i c s  o f  
f o rm u la te d  a lc o h o l  f u e l s  a r e  c o m p le te d . An a c c u r a t e  
s u rv e y  o f  consu m er  e x p e r ie n c e  and  p r e f e r e n c e  w ould  a l s o  
be  v a lu a b l e .



W hile  we a g re e  w i th  ERAB re co m m en d a ti o n  Num ber 8 t h a t  
p r o g r e s s  to w ard  im p le m e n ta ti o n  o f  o t h e r  lo w er c o s t  t e c h ­
n o lo g ie s  m ust  b e  m o n it o re d  c a r e f u l l y ,  we d i s a g r e e  w i th  
t h e  i n f e r e n c e  t h a t  m assi v e  e th a n o l  p r o d u c t io n  sh o u ld  
u se  c e l l u l o s e  a s  a s u b s t r a t e  ( s e e  t h e  d i s c u s s io n  o f  fo od  
v e r s u s  f u e l  i s s u e s  b e g in n in g  on  p a g e  5 ) .  A v a i la b le  s u r ­
p lu s  an d w a s te  c a r b o h y d ra te  s u b s t r a t e s  h a v e  th e  p o t e n t i a l  
f o r  p ro d u c in g  w e ll  o v e r 10 b i l l i o n  g a l l o n s  o f  e th a n o l  
a n n u a l ly  w i th o u t  s i g n i f i c a n t l y  a f f e c t i n g  th e  fo o d /f e e d  
m a r k e t .

A lt h o u g h  we a g re e  w it h  ERAB re co m m en d a ti o n  Number 9 
t h a t  m a rk e ts  sh o u ld  b e  m o n it o re d  t o  e n s u r e  t h a t  e th a n o l  
from  e th y le n e  d e r iv e d  from  o i l  i s  n o t  u se d  to  r e p la c e  
f e r m e n ta t io n  e th a n o l  u se d  f o r  g a s o h o l , we do  n o t b e l i e v e  
t h i s  i s  o r  w i l l  be  a s i g n i f i c a n t  p ro b le m .

We b e l i e v e  t h a t  f u r t h e r  r e s e a r c h  an d d ev e lo p m en t i s  n e e d e d , 
a s  o u t l i n e d  in  ERAB re co m m en d a ti o n  Number 10 , b u t  d i s a g r e e  
w it h  th e  fo c u s  o f  th e  S tu dy  G ro u p 's  r e s e a r c h  an d d e v e lo p ­
m en t re co m m en d a ti o n . R ese a rc h  an d d e v e lo p m en t s h o u ld , i n  
th e  n e a r  te rm , a d d re s s  in c r e a s e d  e th a n o l  p ro d u c ti o n  e f f i ­
c ie n c y  w hic h  w i l l  s o lv e  many o f  t h e  e n v ir o n m e n ta l an d 
e n e rg y  c o n c e r n s . We a l s o  s u g g e s t  t h a t  th e  d e v e lo p m en t o f  
o th e r  s y n t h e t i c  f u e l s  be  e q u a l ly  r e s e a r c h e d  "o n p ro b le m s 
o f  la n d  an d w a te r  r e s o u r c e s  an d o i l  and  g a s  i n p u t s "  - -  
in c lu d in g  t r a n s p o r t a t i o n  c o s t s  t o  th e  m a rk e t.

We d i s a g r e e  w it h  th e  a p p a r e n t  i n t e n t  o f  ERAB reco mmen ­
d a t io n  Num ber  11 t o  fa v o r  m e th a n o l fr om  c o a l o v e r  e th a n o l  
an d m e th a n o l from  b io m a ss . Th e ERAB R e p o r t g r e a t l y  u n d e r ­
e s t im a te s  th e  e n e rg y  an d ec onom ic  p o t e n t i a l  o f  b io m ass  
l i q u i d  f u e l s .  T h is  u n d e r e s t im a t io n  i s  acc om pan ie d  by a 
s e t  o f  c o n c lu s io n s  f a v o ra b le  to  th e  c o n v e r s io n  o f  c o a l  
t o  m e th a n o l.  Su ch  c o n c lu s io n s  m ust  a w a i t  th e  a c c u m u la ti o n  
o f  a c t u a l  p e r fo rm a n c e  d a ta  o f  c o a l - to - m e th a n o l  c o n v e r s io n  
an d th e  r e a c t i o n s  o f  t h e  m a rk e tp la c e  t o  a f u e l  t h a t  
d e l i v e r s  fe w er m il e s  p e r  g a l l o n  th a n  g a s o l in e  o r  e th a n o l .  
A g a in , th e  ERAB a p p ro a c h  o f  f a v o r in g  m e th a n o l p r o d u c ti o n  
fr om  c o a l  o v e r  e th a n o l  from  b io m a ss  n e e d l e s s ly  e s t a b l i s h e d  
a b a t t l e f i e l d  among d o m e s ti c  n o n -p e tr o le u m  l i q u i d  f u e l s  
when th e  r e a l  t h r u s t  sh o u ld  be  f o r  e n e rg y  in d e p e n d e n c e  from  
im p o rte d  p e tr o le u m .

We a g re e  w i th  ERAB re co m m en d a ti o n  Number 12 t h a t  f a v o r s  
som e go v ern m en t a s s i s t a n c e  t o  e n c o u ra g e  th e  p r o d u c t io n  o f  
m e th a n o l fr om  c o a l .  G ove rn m en t a s s i s t a n c e  to  a l l  a lc o h o l  
f u e l s  p r o c e s s e s  w i l l  d i v e r s i f y  t h e  s o u r c e s  o f  l i q u i d  
f u e l s  t o  m ee t t r a n s p o r t a t i o n  n e e d s  an d t o  re d u c e  d e p en d en ce  
on  im p o rte d  o i l .  As m eth an o l from  c o a l  p l a n t s  com e on  
l i n e ,  an d a c c e p ta b le  p l a n t  r e l i a b i l i t y  an d e x te n d e d  o p e r a t in g  
e x p e r ie n c e  a r e  a c h ie v e d , r e l i a b l e  p e r fo rm a n c e , p ro d u c t io n  
an d c o s t  d a ta  can  be  c o l l e c t e d  an d e v a lu a t e d .
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13. We a g re e  w i th  ERAB re co m m en d a ti o n  Number 13 t h a t  w o rl d  
fo od  p ro b le m s m ust  be  c o n s id e r e d ,  in  te rm s  o f  o u r  r e s p o n ­
s i b i l i t y  t o  h e lp  in  a l l e v i a t i n g  t h e  w o rld  fo od  p ro b le m .
How ev er , we d i s a g r e e ,  a s  i n d i c a t e d  in  o u r  r e s p o n s e ,  w it h  
th e  a s su m p ti o n  t h a t  e th a n o l  p r o d u c t io n  m ea ns  d im in is h e d  
fo od s u p p l i e s  f o r  u n d e rn o u r is h e d  p e o p le .  T h ere  a re  to o  
many f a c t o r s  in v o lv e d  in  d e a l in g  w i th  t h i s  co m ple x i s s u e  
t o  r e l y  h e a v i l y  on  t h i s  o v e r s i m p l i f i e d  c o n n e c t io n .

14 . We a g re e  w i th  ERAB re co m m endati on  Number 14 t h a t  e n v ir o n ­
m en ta l i s s u e s  r e l a t i n g  t o  th e  p r o d u c t io n  o f  m eth an o l 
from  c o a l sh o u ld  be  ex am in ed  in  g r e a t e r  d e p th  an d th e n  
co m par ed  w it h  th o s e  in v o lv e d  in  t h e  p r o d u c t io n  o f  e t h a n o l .

2 We n o te  t h a t  th e  ERAB R e p o rt d id  n o t a d d r e s s  th e  e n v i r o n ­
m en ta l i s s u e s  o f  h ig h - g r a d e  l i q u i d  f u e l s  ( a lc o h o l  d e r iv e d  
from  b io m a ss , c o a l ,  p e a t ,  t a r  s a n d s  an d o i l  s h a l e )  a s  co m par ed  
t o  th e  e n v ir o n m e n ta l  c o n se q u e n c e s  o f  c o n v e r t in g  th e s e  
e n e rg y  s o u r c e s  i n t o  p e t r o l e u m - l ik e  h ig h  g ra d e  l i q u i d  f u e l s

f  ( s y n c r u d e ) .  T h is  o m is s io n  w ou ld  b e  f u l l y  u n d e r s ta n d a b le
e x c e p t f o r  th e  G aso hol S tu d y  G ro u p 's  i n i t i a l  a p p r e c i a t i o n  
o f  th e  c o a l  t o  m eth an o l t o  g a s o l in e  p r o c e s s  — c o n v e r s io n  
o f  c o a l  to  a p e t r o l e u m - l ik e  h ig h  g r a d e  l i q u i d  f u e l .  T h is  
e a r l y  a p p r e c i a t i o n  wa s l a t e r  r e l e g a t e d  t o  a f o o tn o te  in  
th e  f i n a l  R e p o r t.  We s u g g e s t  t h a t  e co n o m ic , em plo ym en t,  
s o c i o lo g i c a l  an d consu m er  p r e f e r e n c e  f a c t o r s  sh o u ld  
a l s o  b e  in c lu d e d  in  t h i s  a n a l y s i s ,  a lo n g  w it h  c o n s id e r a ­
t i o n  o f  i n c r e a s e d  c o m p e t it io n  in  t h e  e n e rg y  p r o d u c t io n  
m a rk e tp la c e  t h a t  m ig h t r e s u l t  fr om  many s m a ll  f i r m s  e n t e r ­
in g  th e  f i e l d  a s  c o n t r a s t e d  t o  fe w er an d l a r g e r  e n e rg y  
i n t e r e s t s .
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CONCLUSION

Th e f a i l u r e  t o  c o n s id e r  s i g n i f i c a n t  A d m in is t r a t io n  an d Con­
g r e s s i o n a l  i n i t i a t i v e s ,  as w e l l  a s  o t h e r  i n a c c u r a c ie s  i n  
t h e  ERAB G aso h o l R ep o rt  co m bin e t o  c o n fu s e  th e  p u b l i c  an d 
d i s t r a c t  th e  N a ti o n  from  a m ajo r o p p o r tu n i ty  t o  re d u c e  o u r 
d ep en d en ce  on  im p o rte d  o i l .  The ERAB R e p o r t use d  in c o m p le te  
an d o u td a te d  in f o r m a t io n ,  an d i t s  c o n c lu s io n s  c a s t  a sh ad ow  
o v e r  a v i a b l e  f u t u r e  f o r  a lc o h o l  ( e th a n o l  an d m eth an o l from  
b io m a ss )  a s  w e ll  a s  fo rm u la te d  a lc o h o l  f u e l s .  S u c c e s s f u l  
a t t a in m e n t  o f  A d m in is t r a t io n  an d C o n g re s s io n a l  e th a n o l  p r o ­
d u c t io n  g o a ls  c o u ld  be  j e o p a r d iz e d  by  o f f i c i a l  en d o rs em e n t 
o f  th e  ERAB R e p o rt  o r  s u p p o r t  o f  th o s e  ERAB f in d in g s  an d 
re co m m en d a ti o n s w hic h  a r e  b a se d  on  in c o m p le te  o r  o u td a te d  
in f o r m a t io n .  The a t t a c h e d  c h a r t s  h i g h l i g h t  som e o f  th e  m ai n 
d i f f e r e n c e s  b e tw een  th e  ERAB R e p o rt an d t h i s  r e s p o n s e .
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R eco g n iz in g  th e  s i g n i f i c a n t  l i m i t a t i o n s  in  a c t u a l  o p e r a t in g  d a ta
an d e x p e r ie n c e  f a c in g  a l l  a n a l y s t s  a t t e m p t in g  t o  d e f in e  th e
f u t u r e  o f  a lc o h o l  f u e l s ,  i t  i s  now ti m e  f o r  a l l  p a r t i e s  to  p u l l
t o g e t h e r  to  d e v e lo p  a l l  r e a s o n a b le  fo rm s o f  h ig h  g ra d e  l i q u i d
e n e rg y  t o  f u e l  o u r  t r a n s p o r t a t i o n  sy s te m . E th a n o l i s  h e re  now
an d w i l l  h o p e f u l ly  f in d  i t s  r i g h t f u l  p l a c e  in  th e  N a t io n 's  e n e rg y
m ix . In  th e  m id - e i g h t i e s ,  when m e th a n o l fr om  c o a l ,  p e tr o le u m
co ke an d b io m ass  come  on l i n e ,  t h e r e  w i l l  c o n t in u e  to  be  a
s t r o n g  m ark e t f o r  e th a n o l  an d o t h e r  b io m a ss -b a s e d  a lc o h o l s .  A
num be r o f f a c t o r s  su ch  as  b io m ass  an d c o a l  a v a i l a b i l i t y ,  c o s t s
o f  c o n v e r s io n  an d t r a n s p o r t a t i o n ,  e n v ir o n m e n ta l  f a c t o r s  an dconsu m er  p r e f e r e n c e  w i l l  d e te rm in e  u l t i m a t e  m ark e t s h a r e s .
P ro d u c e rs  o f a lc o h o l  f u e l s  from  b io m ass  a r e  p re p a re d  to  com pet e
f a i r l y ,  b u t  i n i t i a l l y  need  f i n a n c i a l  an d t e c h n i c a l  s u p p o r t  from  £
th e  go v ern m en t to  co m p en sa te  f o r  i n c e n t i v e s ,  s u b s id i e s  an d th e  
a c c e s s  t o  c a p i t a l  fr om  w hic h m a jo r  o i l  an d e n e rg y  i n d u s t r i e s  ha ve  
b e n e f i t t e d  o v e r  th e  y e a r s .

S e n a to r  B ir c h  B ay h,  C hai rm an  o f  th e  N a t io n a l  A lc o h o l F u e ls  TC om m is si on, r e c e n t l y  i d e n t i f i e d  tw o s e r i o u s  p ro b le m s h in d e r in g
a lc o h o l  f u e l s  d e v e lo p m e n t.  " I  w ould  l i k e  to  tu r n  to  w hat I
c o n s id e r  th e  two r e a l  im p ed im en ts  to  in c r e a s e d  a lc o h o l  p r o d u c t io n
— a la c k  o f a v a i l a b l e  fu n d in g  in  th e  p r i v a t e  c a p i t a l  m a rk e ts
an d th e  la c k  o f  a c l e a r  F e d e r a l  p o l i c y  an d co m m itm en t to  a lc o h o lf u e l s . "  JS_8 /

Th e ERAB G aso h o l R e p o rt s i g n i f i c a n t l y  adds t o  th o s e  two  r e a l
im p ed im en ts  by s e n d in g  s i g n a l s  t h a t  a r e  c e r t a i n  to  c o n fu se  a
m ajo r se gm en t o f  th e  s o c i e t y .

S e n a to r  Bayh  c o r r e c t l y  i d e n t i f i e d  f i v e  " f a c t s  on  e th a n o l  p r o d u c t io n " :

F a c t Nu mb er One : "M os t o f  th e  c o rn  grow n in  t h i s  c o u n tr y  i s  
f o r  a n im a l f e e d ,  n o t  hum an c o n su m p ti o n ."

F a c t Number Two: "T he  c a u s e s  o f i n f l a t i o n  in  fo od  p r i c e s  
l i e  n o t w i th  th e  A m eri can  f a rm e r , b u t  so m ew he re  be tw een  th e  
fa rm e r  an d th e  c o n su m er."

F a c t Nu mb er T h re e : "T he  p r o d u c t io n  o f a lc o h o l  fr om  c o rn  d oes 
n o t d e s t r o y  th e  g r a i n ' s  p r o t e i n  v a lu e ."

F a c t Nu mb er F o u r : "A lc o h o l p r o d u c t io n  i s  n o t c o n s t r a in e d  by 
th e  s u p p ly  o f  c o r n ,  b u t  by d i s t i l l i n g  c a p a c i t y . "

F a c t Numb er F iv e :  "T he  p o t e n t i a l  f o r  a lc o h o l  p r o d u c t io n  
u s in g  f e e d s to c k s  be yond g r a in  i s  v a s t . "

H o p e fu l ly , t h i s  r e s p o n s e  an d c r i t i q u e  o f  th e  E ner gy  R e se a rc h  A d v is o ry  .B o a r d 's  G aso h o l S tu d y  Gro up  R e p o r t v e r i f i e s  th e  S e n a t o r 's  f i v e  " f a c t s "  an d we can  now move on  t o  a d d r e s s  th e  r e a l  o p p o r t u n i t i e s  f o r  th e  
n a t i o n  in  a d v a n c in g  f o rm u la te d  a lc o h o l  f u e l s .

r
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ATTACHMENT A

Th e f o l lo w in g  c a l c u l a t i o n s  s e t  f o r t h  th e  b a s i s  f o r  th e  O f f i c e  o f  
A lc o h o l F u e ls ' c o n c lu s io n  t h a t  each  g a l l o n  o f  e th a n o l p ro d u ced  
c o u ld  s a v e  a s  much a s  1 .6 4  g a l lo n s  o f  c ru d e  o i l ,  o r  mo re th an  
t h r e e  t im e s  th e  am ou nt  s u g g e s te d  b y  th e  ERAB G aso h o l S tu d y  G ro up. 
Th e U .S . G en e ra l A c c o u n ti n g  O f f i c e ,  in  a Ju ne 3,  1980  r e p o r t  on  
th e  p o t e n t i a l  o f  e th a n o l as a m oto r v e h i c l e  f u e l ,  a d d r e s s e d  th e  
i s s u e  o f  i n c o n s i s t e n t  f in d in g s  in  v a r io u s  n e t  e n e rg y  a n a ly s e s ,  
and  s t a t e d ,  " n e t  e n e r g y  a n a l y s i s  i s  n o t ah  e x a c t  s c i e n c e ;  t h e r e ­
f o r e ,  any tw o o r  mo re s t u d ie s  o f  a p a r t i c u l a r  e n e rg y  sy s te m  ca n 
y i e l d  v a s t l y  d i f f e r i n g  r e s u l t s ,  d e p e n d in g  on  th e  m e th o d o lo g ie s , 
a p p r o a c h e s , an d sy s te m s b o u n d a r ie s  s e l e c t e d . "  1 /  In  r e c o g n i t i o n  
o f  t h i s  f a c t ,  fo u r  s e p a r a t e  c a l c u l a t i o n s ,  e m p lo yin g  s l i g h t l y  
d i f f e r i n g  m e th o d o lo g ie s  and  d a t a ,  a r e  in c lu d e d  in  t h i s  A tt a c h m en t 

C a lc u la t io n  I

A lt h o u g h  th e  Btu  v a lu e  o f  e th a n o l i s  a b o u t 2/ 3 t h a t  o f  g a s o ­
l i n e ,  ±/  th e  d e l i v e r e d  m e c h a n ic a l e n e r g y  o f  u n le a d e d  g a s o l in e  
an d g a s o h o l ,  r a t e d  a t  th e  sam e o c ta n e  num ber s,  i s  g e n e r a l l y  
a c c e p te d  a s  a p p r o x im a te ly  th e  sa m e.  2 /  F u r th e r  b e c a u s e  e t h a ­
n o l ,  under  p ro p e r  c o n d i t i o n s ,  i s  an  o c ta n e  b o o s t e r ,  1 /  i t  
i s  p o s s i b l e  t o  add e th a n o l t o  lo w -o c ta n e  g a s o l i n e  t o  make 
g a s o h o l and  th u s  a c h ie v e  th e  d e s ir e d  h i g h e r  o c ta n e  r a t i n g .  V  
T h is  re d u c e s  th e  e n e r g y  re q u ir e m e n ts  n eed ed  t o  r e f i n e  h ig h e r  
o c ta n e  g a s o l i n e .  £/  F or exa m p le , some  o i l  co m p an ie s a r e  
o f f e r i n g  g a s o h o l a s a s u b s t i t u t e  f o r  r e f i n e d  pr em ium u n le a d e d  
g a s o l i n e .

A lc o h o l fo rm u la te d  f u e l s  su ch  a s  g a s o h o l ,  w h ic h  h a v e  im pro ved  
co m b u sti o n  c h a r a c t e r i s t i c s ,  w i l l  g e n e r a l l y  d e l i v e r  b e t t e r  
o n - th e -r o a d  m ile a g e  co m pa re d t o  g a s o l i n e  a t  th e  sam e o c ta n e  
l e v e l  in  e n g in e s  tu n ed  t o  o p t im iz e  g a s o h o l c h a r a c t e r i s t i c s .  2 /  
T e s t  r e s u l t s  i n d i c a t i n g  l e s s  m il e a g e  fr om  g a s o h o l w e re , in  a l l  
p r o b a b i l i t y ,  c o n d u cte d  in  c a r s  n o t s p e c i f i c a l l y  tu n ed  t o  ac co m ­
m od at e th e  co m b u sti o n  c h a r a c t e r i s t i c s  o f  g a s o h o l.  No c r e d i t  
i s  ta k e n  f o r  s p e c i a l  g a s o h o l tu n in g  in  th e  c a l c u l a t i o n s  w h ic h  
f o l l o w .  T h e r e fo r e ,  on e g a l lo n  o f  " e t h a n o l  (G )"  (a  te rm  u se d  
in  t h i s  r e s p o n s e  t o  d e s c r i b e  e th a n o l b le n d e d  w it h  g a s o l i n e  t o  
make g a s o h o l a s  op pose d t o  e th a n o l u se d  a s  a s t r a i g h t  f u e l  o r  
f o r  o t h e r  p u r p o s e s )  i s ,  a t  a min imu m, e q u i v a l e n t  in  pow er  o u t­
p u t  t o  a g a l l o n  o f  g a s o l in e  [ g a s o l i n e  = e t h a n o l  ( G ) ] . I t  i s  
p o s s i b l e  t o  p ro d u ce  th o s e  f u e l s  th ro u g h  tw o d i f f e r e n t  o p t io n s :

O p ti o n  1 —  R e fin e  a b o u t 1 .4 3  g a l l o n s  o f  n o n -r e n e w a b le  
c ru d e  o i l  i n t o  g a s o l i n e .  A c c o rd in g  t o  T ex a co  f i g u r e s ,
1 g a l lo n  o f  c ru d e  o i l  w i l l  r e f i n e  i n t o  a b o u t 0 .7  g a l ­
lo n s  o f  g a s o l i n e  w it h  no  o t h e r  f u e l  f r a c t i o n s  r e m a in in g .



O p ti o n  2 —  C o n v e rt re n e w a b le  c a r b o h y d r a te s  i n t o  e th a n o l (G) 
u s in g  a b o u t 1/ 3  g a l l o n  o f  c ru d e  o i l ,  b a se d  on  A P I - B a t t e l l e  
c a l c u l a t i o n s  t h a t  1 Btu  o f  p e tr o le u m  f u e l  w ould  p ro d u ce  
a b o u t 3 Btu  o f  a l c o h o l  when n o n p e tr o le u m  f u e l s  a r e  u se d  
in  th e  fa rm in g an d c a r b o h y d r a te  c o n v e r s io n  p r o c e s s  t o  
th e  e x t e n t  f e a s i b l e .  ( I f  B tu  c a l c u l a t i o n s  a re  u se d , 1/ 5  
g a l lo n  o f  p e tr o le u m  f u e l  i s  r e q u ir e d  t o  p ro d u ce  a g a l l o n  
o f  e th a n o l —  s e e  C a l c u l a t i o n  I I I ) .

A c c e p t in g  g a s o l i n e  an d e th a n o l (G ) e q u iv a le n c y ,  th e  1 .4 3  g a l lo n s  
o f  c ru d e  o i l  u se d  t o  r e f i n e  a g a l l o n  o f  g a s o l in e  i s  re d u ced  to  
0 .3 3  g a l lo n s  o f  c ru d e  o i l  u se d  t o  p ro d u ce  1 g a l lo n  o f  e th a n o l (G) 
F u r th e r , u s in g  e th a n o l a s  an  o c ta n e  b o o s t in g  a d d i t i v e  f o r  
u n le a d e d  g a s o l i n e ,  i t  i s  p o s s i b l e  t o  c o n s e r v e  0 .0 6  g a l lo n s  o f  
c ru d e  o i l  p e r  g a l lo n  o f  g a s o l in e  in  th e  r e f i n i n g  p r o c e s s .  (Th e 
0 .0 6 g a l lo n s  s a v in g  i s  an  as su m ed  a v e r a g e  a r r iv e d  a t  b y  r e v ie w ­
in g  a la r g e  am ount o f  m a t e r i a l . )  One g a l lo n  o f  e th a n o l w i l l  
b o o s t  n in e  g a l l o n s  o f  u n le a d e d  g a s o l i n e  t o  make te n  g a l l o n s  o f  
g a s o h o l.  T h e r e fo r e ,  i t  i s  p o s s i b l e  t o  s a v e  a n o th e r  0 .5 4  g a l lo n s  
o f  im p o rt ed  cru d e  o i l  f o r  e v e r y  g a l l o n  o f  a lc o h o l  use d a s  an  
o c ta n e  b o o s t e r  (0 .0 6  X 9 = 0 .5 4  g a l l o n s ) .  I t  i s  now p o s s i b l e  
t o  co m pu te  th e  t o t a l  c ru d e  o i l  b a c k  o u t  f o r  e v e r y  g a l l o n  o f  
e th a n o l (G) p ro d u ced  when u s in g  t h e  minimum  am ount o f  p e tr o le u m  
in  th e  fa rm in g  an d c a r b o h y d r a te  c o n v e r s io n  p r o c e s s :  1 .4 3  +
0 .5 4  = 1 .9 7  g a l lo n s  o f  c ru d e  o i l  l e s s  t h e  0 .3 3  g a l lo n s  u se d  t o  
p ro d u ce  th e  e th a n o l (G) f o r  a n e t s a v in g s  o f  1 .6 4  g a l lo n s  o f  
c ru d e  o i l  f o r  e v e r y  g a l lo n  o f  e th a n o l p ro d u ce d .

C a l c u l a t i o n  I I

An ex am ple  may be  h e l p f u l :  10 g a l l o n s  o f  g a so h o l a r e  e q u iv ­
a l e n t  t o  10 g a l lo n s  o f  g a s o l i n e  in  m ov in g an  a u to m o b il e  from  
P o in t  A t o  P o in t  B.  A c c e p t in g  t h a t  i t  ta k e s  1 .4 3  g a l l o n s  o f  
c ru d e  o i l  t o  p ro d u ce  a g a l l o n  o f  g a s o l i n e ,  an d 0 .3 3  g a l lo n s  to  
p ro d u ce  a g a l lo n  o f  e t h a n o l  (G ),  th e  f o l lo w in g  c o m p a ri so n s a re  
p o s s i b l e :

C ar 1 d r i v i n g  fr om  P o in t  A t o  P o in t  B u s e s  te n  g a l lo n s  
o f  g a s o l i n e ,  o r  1 4 .3  g a l lo n s  o f  c ru d e  o i l  (1 0  X 1 . 4 3 ) .

C ar 2 d r i v i n g  fr om  P o in t  A t o  P o in t  B u s e s  n in e  g a l l o n s  
o f  lo w e r  o c ta n e  g a s o l i n e  an d on e g a l lo n  o f  e th a n o l (G)
[ ( 9  X 1 .4 3 )  -  (9  X 0 .0 6 )  + 0 .3 3 ]  = 1 2 .8 7  -  0 .5 4  + 0 .3 3  = 
1 2 .6 6  g a l lo n s  o f  c ru d e  o i l .

T h e r e fo r e ,  on e g a l l o n  o f  e th a n o l (G)  s a v e s  1 .6 4  g a l lo n s  o f  
c ru d e  o i l  ( 1 4 .3 0  -  1 2 .6 6  = 1 . 6 4 ) ,  o r  1 .1 4 8  g a l lo n s  o f  g a s o l in e  
( 1 .6 4  X 0 .7  = 1 . 1 4 8 ) .

W or kin g th e  c o m p u ta ti o n s  in  a d i f f e r e n t  m an ner , i t  i s  p o s s i b l e  
t o  d e m o n str a te  t h a t  on e g a l lo n  o f  e th a n o l (G) w i l l  s a v e  1 .7 6  
g a l lo n s  o f  im p o rt ed  o i l .
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C a l c u l a t i o n  I I I

A c c o rd in g  t o  th e  A P I - B a t t e l l e  Co lu m bu s r e p o r t ,  i t  i s  p o s s i b l e ,  
und er  s ta n d a rd  a g r i c u l t u r a l  p r a c t i c e s ,  t o  p ro d u ce  2 .7 0 3  B tu  o f  
e th a n o l w it h  1 B tu  o f  p e tr o le u m  f u e l .  On th e  a v e r a g e , on e 
g a l l o n  o f  p e tr o le u m  l i q u i d  f u e l  h a s  13 4 ,0 0 0  Btu  an d on e g a l l o n  
o f  e th a n o l h a s  7 5 ,6 7 0  Btu  ( lo w e r  h e a t in g  v a l u e ) .  T h e r e fo r e ,  on e 
g a l l o n  o f  p e tr o le u m  l i q u i d  f u e l  w i l l  p ro d u ce  362 ,2 0 2 B tu  o f  e t h a ­
n o l (2 .7 0 3  x 13 4 ,0 0 0  = 3 6 2 ,2 0 2 ). 362,2 0 2 B tu  o f  e th a n o l i s  4 .7 8 7
g a l lo n s  o f  e th a n o l (3 6 2 ,2 0 2  7 5 ,6 7 0  = 4 .7 8 7 )  o r ,  on e g a l l o n  o f
e th a n o l p ro d u ced  r e q u ir e s  0 .2 1  g a l l o n s  o f  l i q u i d  f u e l s .  (1  4 .7 8 7
= 0 . 2 1 ) .  R e fe r r in g  t o  C a lc u la t i o n  I ,  0 .2 1  g a l l o n s  i s  a b o u t 1/ 5  
g a l lo n  o f  p e tr o le u m  f u e l  r e q u ir e d  t o  p ro d u ce  a g a l lo n  o f  e t h a n o l .

U si n g  th e  T ex a co  f i g u r e  o f  0 .7  g a l lo n s  o f  g a s o l i n e  r e f i n e d  from
* a g a l lo n  o f  im p o rt e d  o i l ,  i t  t a k e s  1 .4 3  g a l l o n s  o f  c ru d e  to

p ro d u ce  on e g a l l o n  o f  g a s o l i n e .  A c c e p t in g  th e  o c ta n e  b o o s t  and  
r e c o v e r y  a d v a n ta g e  o f  e th a n o l (G) a t  0.0 6 g a l lo n s  o f  c ru d e  o i l  
p e r  g a l lo n  o f  g a s o l i n e  p ro d u ce d , i t  i s  p o s s i b l e  t o  s a v e  a n o th e r

1 0 .5 4  g a l lo n s  [9  (n in e  g a l lo n s  o f  g a s o l i n e  go es i n t o  m ak in g
10 g a l lo n s  o f  g a s o h o l ) X 0 .0 6 = 0 .5 4 ]  f o r  a t o t a l  o f  1 .9 7  
g a l lo n s  ( 1 .4 3  + 0 .5 4  = 1 . 9 7 ) .  Fro m t h i s  i t  i s  n e c e s s a r y  t o  
s u b t r a c t  th e  0 .2 1  g a l l o n s  o f  c ru d e  o i l  u se d  t o  p ro d u ce  th e  e th a n o l (G) 
f o r  a n e t  b a c k  o u t o f  1 .7 6  g a l lo n s  o f  c ru d e  ( 1 .9 7  -  0 .2 1  =
1 . 7 6 ) .  The d i f f e r e n c e  b etw een  1 .7 6  an d 1 .6 4  in  C a l c u l a t i o n s  
I an d I I  r e s u l t s  fr om  th e  0 .3 3  g a l l o n s  u se d  in  th e  e a r l i e r  c a l c u ­
l a t i o n s  an d th e  0 .2 1  g a l lo n s  u se d  in  C a l c u l a t i o n  I I I .

C a lc u la t i o n  IV

U sin g  th e  T ex a co  c o n v e r s io n  f i g u r e  ( 0 .7  g a l lo n s  o f  g a s o l i n e  
fr om  a g a l lo n  o f  c ru d e  o i l )  and th e  A P I - B a t t e l l e  Co lumbu s 
c a l c u l a t i o n s  (0 .3 7  Btu  o f  p e tr o le u m  f u e l  t o  p ro d u ce  1 Btu  o f  
e t h a n o l) ,  i t  i s  p o s s i b l e  t o  c a l c u l a t e  t h a t :

One g a l l o n  o f  c ru d e  w i l l  p ro d u ce  0 .7  g a l lo n s  o f  g a s o l i n e  o r  
86 ,8 00 B tu  o f  a h ig h  g ra d e  l i q u i d  f u e l  —  g a s o l in e  [ 0 .7  x 
12 4,0 0 0  (B tu  c o n te n t  o f  1 g a l lo n  o f  g a s o l i n e )  = 8 6 ,0 0 0 ].

One g a l lo n  o f  c ru d e  w i l l  p ro d u ce  a t  l e a s t  0 .7  g a l lo n s  o f  
p e tr o le u m  f u e l ,  o r  a p p r o x im a te ly  9 3 ,8 0 0  B tu . (P e tr o le u m  f u e l s  
c o n ta in  o t h e r  f r a c t i o n s  su ch  a s  d i e s e l . ) S in c e  1 B tu  o f  
p e tr o le u m  f u e l  w i l l  p ro d u ce  2 .7  Btu  o f  e th a n o l (1  d iv id e d  b y  
0 .3 7  = 2 . 7 ) ,  1 g a l l o n  o f  c ru d e  o i l  w i l l  p r o v id e  f o r  th e  p r o d u c t io n  
o f  2 53,5 0 0  B tu  o f  e th a n o l (9 3,8 0 0  x 2 .7  = 2 5 3 ,5 0 0 ), o r  3 .3 5  
g a l lo n s  o f  e t h a n o l .  To t h i s  we c o u ld  ad d th e  o c ta n e  b o o s t  
and  r e c o v e r y  a d v a n ta g e  o f  e th a n o l (G ), b u t  th e  im p o rta n t p o in t  
t o  r e c o g n iz e  i s  t h a t  a l l  c a l c u l a t i o n s  in  t h i s  new  an d dyn am ic  
in d u s t r y  a r e  b a se d  on  a ssu m p ti o n s t h a t  a r e  s u b j e c t  t o  r e v i s i o n .

i T h e r e fo r e ,  we h a v e  u se d  th e  m os t r e l i a b l e  d a ta  a v a i l a b l e ,  su ch
* a s  th e  A m eri can  P e tr o lu e m  I n s t i t u t e ' s  B a t t e l l e  Co lumbu s s t u d y ,

t o  re d u c e  th e  u n c e r t a i n t i e s .

'T
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R e g a r d le s s  o f  th e  a p p ro a ch , r e d u c in g  r e l i a n c e  on  im p o rt e d  o i l  
th ro u g h  th e  p r o d u c t io n  o f  n o n -p e tr o le u m  b a se d  h ig h  g ra d e  l i q u i d  
f u e l s  i s  o f  c r i t i c a l  im p o rta n c e . C o n s e r v a t i v e ly  th e n , e ach  
g a l lo n  o f  e th a n o l (G) p ro d u ced  w i l l  p e rm it  th e  n a t io n  t o  b a ck  
o u t a t  l e a s t  1 . 5  g a l lo n s  o f  c ru d e  o i l ,  o r  3 t im e s  th e  am ou nt 
c a l c u l a t e d  b y  ERAB.

F i n a l l y ,  t h e s e  c a l c u l a t i o n s  h a v e  le d  t o  th e  c o n v ic t io n  t h a t  we 
m us t d e a l  w it h  s ta n d a rd  d e f i n i t i o n s  an d u n i t s  o f  m ea su re  —
B tu s o f  h ig h  g r a d e  l i q u i d  f u e l  in s t e a d  o f  g a l l o n s ,  an d m ile s  p e r  
m i l l i o n  Btu  in s t e a d  o f  m il e s  p e r  g a l l o n .  T h ese  d e f i n i t i o n s  and  
u n i t s  o f  m easu re  a r e  n e c e s s a r y  t o  a v o id  c o n fu s io n  in  th e  f u t u r e .  
B ecau se  o f  th e  im p o rt a n ce  o f  th e s e  f a c t o r s ,  th e  c a l c u l a t i o n s  a re  
su m m ar iz ed  and s i m p l i f i e d  in  th e  b e lo w  g r a p h ic s

TRANSPORTATION

1
I

( t

of ethanol or 18,900,000 Btu of high-grade liquid fue l In addition, 
the co-products include 1,70 0 lbs. of high quality distillers meal , 
1,500 lbs of CO2. as well as 20,000,000 Btu of crop residue 
ava ilab le for a varie ty of purposes, including fert ilizers The sun 
has Daid a miahtv div idend
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FOOTNOTES

1 / " P o t e n t i a l  o f  E th a n o l  As  a 
G e n e r a l  A c c o u n t in g  O f f i c e ,

M o to r  V e h ic l e  F u e l " ,  U .S . 
J u n e  3 , 1 9 8 0 , p . 2 4 .

1 / A m e ric a n  P e t r o lu e m  I n s t i t u t e ,  P u b l i c a t i o n  No . 4 2 6 1 , p

3 / I b i d . , f i g u r e  1 0 , p .  1 4 .

4 / I b i d . , f o o t n o t e s  3 8 - 4 0 , p . 3 1 .

5 / I b i d . , f o o t n o t e  4 1 , p .  31 .

6 / I b i d . , f o o t n o t e  3 6 , p . 31 .

7 / I b i d . , p .  1 6 .
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