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1 . INTRODUCTION 

1 .1 Background 

This i s  the final repo'rt of a study of the availability of alternative 
motor fuels and their possible use by publ ic transit systems. 

Petroleum-derived motor fuels are expected t o  become more scarce and 

expensive. As they become more expensive, i t  i s  expected t h a t  some con- 
sumers will shift  from private vehicles t o  use of public transportation. 
Thus public transit systems will be confronted by increasing motor fuel 
costs s t w i n g  from both  increased fuel prices and increased passenger 
demands. I t  is important t h a t  they position themselves t o  minimize the 
effects of cost increases and shortage difficulties t h a t  seem 1 i kely for 
petrol eum fuel s. 

The State of  Michigan Department of State Highways and Transportation 
sensed the overall need and asked the Michigan Transportation Research 
Program t o  investigate the possibility of obtaining a demonstration g r a n t  
t o  support an evaluation of alternative fuels i n  the public transit environ- 
men t . 

1.2  Study Objectives 

The objectives of the study were described in a December 14, 1977 

le t ter  from Mr. Charles Uray, Jr., of the Michigan Department of State 
Highways and Transportation, t o  Dr. Charles G. Overberger, Michigan Trans- 
portation Research Program. The le t ter  requested that "a determination.. .. 
be made as t o  the availability of alternative fuels which may be used in 
publ i c  transportation. Such fuel s as the fol 1 owing shoul d be examined: 

a. hydrogen (1 iquid and gaseous) 
b ,  alcohols (methanol, ethanol , and blends) 
c. broad-cut fuels 
d. gas01 ine/al coho1 blends 
e. electricity via  storage battery" 

The le t te r  requested that the study report 1 i s t  the advantages and 

disadvantages of each fuel and recommend which fuels appear t o  be candidates 



for  use in pub1 i c  t ransi t  demonstration programs. The problems of cost, 
availability of resources, appl icabil i t y  to current propulsion technology, 
and safety and health would be considered. 

Because other projects are examining the electrical vehicle demonstra- 
tion opportunities in more deta i l ,  i t  was subsequently decided t o  eliminate 
th is  type of propulsion system from study consideration. As final ly con- 
st i tuted,  then, the fuel s that were considered in the study are those de- 
scribed in the f i r s t  four categories 1 isted on the preceding page. 



2 .  OVERVIEW OF ALTERNATIVE FUELS ACTIVITY 

I t  i s  general ly conceded t h a t  the transportation energy problem within 
the United States i s  serious. The system is  almost totally dependent upon 
petroleum, and the domestic o i l  resources are being depleted. Failure t o  
implement timely solutions will possibly lead t o  serious disruptions of the 
nation's economic, social, and political system. 

While several methods exist for reducing the transportation energy 
shortage potential, one of the major possibilities i s  t o  switch t o  alterna- 
tive fuels t o  alleviate the dependence upon petroleum fuels. The federal 
government i s  making a major effort t o  foster the use of a1 ternative fuels 
by lowering the uncertainty costs associated with their use in highway 
vehicles. The program, called the A1 ternative Fuels Utilization Program 
(AFUP) ,  i s  being carried o u t  by the Division of Transportation Energy 
Conversion within the Department of ~ n e r ~ y . '  The AFUP i s  investigating: 

... the consequences of the use of synthetic gasoline and/or 
diesel fuels i n  current or improved engine types; 

. . .alcohol fuels, based on an understanding of the production 
of the fuels and the design of engines optimized for the fuels; 

. . .advanced and/or 1 ess probable a1 ternative fuel s such as 
hydrogen, various hydrogen-ni trogen compounds, and carbonaceous 
fuel s ; 

. . .new hydrocarbon fuels , such as broad-cut or variable 
composition fuels, based on an understanding of the production 
of the fuels and the design of engines optimized for the fuels; 
and 

... ways that nonstandard fuels could be utilized in highway 
vehicles in emergencies. 

In 1973-74 there were two studies performed for the government that 
examined the various a1 ternatives t o  petroleum-deri ved fuel for automotive , 

1. Details o f  the program are contained in the pub1 ication, Pro ram 
Planning Document A1 ternative Fuel s Uti 1 i zation Program (AFUP 
Department of Energy, Apri 1 , 1978. 

-+ 



application.2' Based on these projects the AFUP was subsequently de- 
vel oped. 

Within the context of examining an alternative fuels solution, i t  i s  
important t o  remember that 'development of a system that can accomnodate 
the a1 ternative fuel i s  a long-term evolution. In the past, for example, 
i t  has taken approximately 60 years for a new fuel type to penetrate the 
marketplace t o  such an extent as to become the dominant energy source of 
the e~onomy.~ That being the case, i t  i s  important t o  begin work toward 
the introduction of alternative fuels in the transportation system so that 
they might be fully developed and demonstrated by the time petroleum peaks 
and begins t o  decline. That time point i s  currently projected to occur 
a b o u t  2000 AD. 

For the synthetic fuels the concentration has been on production 
technology, i .e . ,  developing methods of converting the fuel into a gas- 
01 ine-1 i ke substitute. The major efforts in this regard have been dir- 
ected toward shale oil  recovery programs and toward coal conversion 
programs. Also, work i s  underway in developing processes by which methanol 
i s  converted t o  gas01 ine. 

Whatever the synthesis procedure utilized, the major advantage of the 
synthetic gasoline fuel i s  that there will be no significant requirements 
t o  modify either the engines or the fuel marketing and distribution system, 

There have been two major alcohol concepts examined: methanol and 
ethanol. Most of the present ethanol production in the United States i s  
derived from petroleum and natural gas constituents ; however, the product 
can be obtained by fermentation of grains, f ru i t s ,  and sulf i te  liquors. 

2.  F.H. Kant e t  a l . ,  "Feasibility Study o f  Alternative Fuels for Automotive 
Transportation," Exxon Research & Engineering Co. for the Environmental 
Protection Agency, EPA-46013-74-990, June, 1974. 

3. J. Pangborn & J. Gill i s ,  "A1 ternative Fuels for Automotive Transporta- 
tion--A Feasi bil i ty  Study," Institute of  Gas Technology for the Environ- 
mental Protection Agency, EPA-460/3/74-012, July, 1974. 

4. Program Planning Document, etc. ,. AFUP, Department of Energy, page 2-1 9. 

5. loc c i t . ,  page 3-2. 



Current prices of producing ethanol are in the range of $13.20-17.10 
(1977 dollars) per mill ion BTU. High volume production could possibly 
reduce this  price to an equivalent of $5-7 (1977 do1 l a r s )  per mill ion 
BTU. When this  i s  compared with a current price of gasoline o f  about 
$3.50 (1977 dollars) per mill ion B T U y  i t  i s  obvious that there would be 
a need for h i g h  subsidization. Research and development are being con- 
ducted to increase crop yields, t o  reduce processing time, and t o  improve 
the economics of the product. 6 

Methanol i s  presently produced almost total ly from natural gas. 
However, i t  could easily be produced from coal through gasification and 

subsequent catalytic conversion. I t  could also be produced from wood, 
agricultural residues, and municipal so1 id waste, using the same general 
technical approach as for coal. Programs are in progress t o  more accurately 
define the production processes. Present production costs for methanol are 
estimated t o  be in the $5.28-8.78/(1977 do1 lars)  per mil 1 ion BTU, depending 
upon such factors as feed stock price, rate of return on investment, and 

type of financing. High volume production would reduce the cost to $3.75- 
5.00 (1977 dollars) per mill ion BTU. One of the potential possibilities 
for  methanol would be t o  have production from high-yield forestry biomass; 
the costs are projected t o  be in the same general range as methanol from 
coal, even though the production fac i l i t i es  would be smaller and more 

dispersed. 7 

In the hydrogen fuel program, four problem areas are being addressed: 

(1 ) production of hydrogen, (2)  storage of hydrogen on board the vehicle, 
( 3 )  development of hydrogen-burning engines, and (4)  distribution o f  

hydrogen to the consumer. The pivotal issue seems t o  be whether the fuel 
can be produced a t  a price that will make i t  economically attractive. 8 

-- -- - 

6. "Department of Energy Position Paper on Alcohol Fuels ," U.S. Department 
of Energy, March, 1978. pp  5. See a1 so, "The Wood Energy Concept--Its 
Applicability in Michigan," report to the Upper Great Lakes Regional 
Comnission. Submitted by Tom Heck, Energy Admini stration, Michigan 
Department of Cormerce. 

7. Ibid . - 
8. AFUP Program Planning Document, page 4-3. 



As an advanced concept, hydrogen has potential importance as a vital 
component of the all-electric economy. Hydrogen would be a leading candi- 
date as an energy storage and transmission medium, especially i f  high-den- 
s i  t y  storage batteries do not  material ize. 9 

The development of efficient engines which can burn broad-boil ing 
range fuels can reduce the petroleum requirements needed for transportation. 
This i s  because the refinery process can be most efficient if  the entire 
yield from the refinery can be utilized in transportation wi thout  regard t o  
octane number or cetane number. The inefficiencies of distribution are also 
minimized by having t o  deal w i t h  only one fuel type. 

Much of the research on broad-cut fuels in the United States has been 
sponsored by the Department of Defense. Their reasoning has been t h a t  the 
use of such fuels simp1 ifies their logistics problems. 

Overall there have been only modest amounts of research in a1 ternative 
fuels performed in places other than a t  the Federal level. In the early 
1960's the State of Nebraska sponsored a program a t  Southwest Research Insti- 
tute t o  examine the feasibility of using alcohol in gas01 ine. They were 
attempting t o  develop markets that would dispose of the surplus grain crops 
existing a t  that time within the state. Other isolated examples exist where 
that has been state or local support for a1 ternative fuels utilization. 
But, without  doubt, the overwhelming majority of research has been funded 
by federal programs, especially the Department of Energy (or i t s  predecessor 
organizations). 

The federal programs have been directed mainly toward activities that 
would precede full-scale t r ia l  and preproduction.10 As seen in Figure 1, 

the main emphasis i s  found in the areas of defining the theories and con- 
cept formulations, and their verification. As tests and evaluations of the 
appl ications are encountered, the Federal participation begins t o  decl ine , ' 
with industry increasing i t s  share of  the funding support. 

9. Ibid. - 
10. Op. c i t . ,  page 6-3. 



In view of the above, the most 1 i kely support for any pub1 i c  demonstra- 
tion project will probably be the federal government. The next chapter will 
discuss each of the major fuel concepts, and the role of the federal govern- 
ment in this  activity. 

FIGURE 1 

Scope of Federal A1 ternati ve Fuel s Support 
Programs Re1 ative to Techno1 ogy Development 

Industry Responsibility 

First Wide - 
Full scale commercial spread 

\ . .-. Time 

L Source: Department o f  Energy, AFUP. 
'L I 



3. EVALUATION OF SPECIFIC FUELS 

This chapter examines the activities t h a t  are underway with the fol low- 
ing alternate fuel candidates: 

. . . hydrogen 

. . .alcohols 

. . . broad-cut fuel s 

. . . gasol i ne/a1 co hol b1 ends 

Included in this evaluation are summaries of major project activities, in- 
dications of future direction, and an estimate of potential configurations 
of demonstration programs utilizing the fuel. 

3.1 Hydrogen Fuel 

Table 111-1 presents the fundamental characteristics of hydrogen in 
comparison w i t h  those of gasol ine and diesel fuel. As seen, hydrogen i s  
an extremely low-temperature ( i n  the 1 iquid form), non-dense fuel . I t  has 
a much lower volumetric energy density and a higher gravimetric energy 
density than the conventional fuels. I t  also has a very high flame speed. 
This attribute results in some unique advantages, as we11 as several unique 
engine-related design problems. 

The principal challenge of using hydrogen for automotive vehicles i s  
the problem of onboard storage. Four approaches have been given some con- 
sideration : 11 

... storage as a high pressure gas 

... storage as a cryogenic liquid, generally a t  low pressure 

... storage i n  the form of a metal hydride 

... onboard generation from a hydrogen-bearing substance 
(e. g . , reforming a hydrocarbon fuel ) . 

1 1  Escher, W. , Hydrogen-Fueled Internal Combustion Engine, A Technical 
Survey of Contemporary U.S. Projects. , Escher Techno1 ogy Associates, 
ETA Report PR-51. September, 1975. pp. 110. 



TABLE 111-1 

Comparative Technical C h a r a c t e r i s t i c s  

. of Hydrogen Fuel 

Diesel 
Gas01 ine Fuel 

S p e c i f i c  Gravity 0.73 

Boil ing Point  38-240C 

Lower Heating Value 

Gravimetric kJ/kg 4.49 lo4  

Vol vmetric kJ/m 3 32.7 x lo6  

Sto ichiometr ic  
Mixture 14.8 

Flammable Limits (Ai r )  1 .4  - 7.6% 

Ign i t ion  Temperature 257C 

Flame Speed 
(m/sec) 

Source: ERDA Report ETA PR-51 
f 

Hydrogen 
(Liquid)  



O f  the four systems, the use of high-pressure gas seems t o  have been 
ruled o u t  for general highway vehicle use.'* I t  does have potential, how- 

ever, in applications where the vehicle i s  traveling a well-defined route, 
w i t h  a 1 imited daily mileage. B u t  the unrefueled range of vehicles operat- 
ing on high-pressure gas has usually been less than 50 miles, and a transit 
operation would seldom have this low a mileage accumulation between logical 
ref i l l  ing points, 

An approach actively being researched by several groups i s  to provide 
onboard hydrogen generation. The Jet  Propul sion Laboratory (JPL) and In- 
ternational Material s corporation ( IMC) are two organizations that have been 
examining the concept. The JPL's work involved attempts t o  lean-out engine 
operation by use of hydrogen-enriched gasoline. The hydrogen was provided 
by the use of onboard conversion of a portion of the hydrocarbon fuel t o  a 
hydrogen-ri ch fuel gas, principally consisting of hydrogen, carbon dioxide, 
and nitrogen. The IMC work was also involved with enriching the gas01 ine 
stream with hydrogen produced by an onboard conversion process. 13 

Storage of a cryogenic 1 iquid has been investigated by several organ- 
izations, among them UCLA, Los Alamos Scientific Laboratory, and Billings 
Energy Research Corporation. A1 1 systems were essential 1y the same. A 
container especial 1y designed t o  store cryogenic 1 iquid was placed on the 
vehicle. The vehicle i s  fueled with hydrogen that has been converted from 
a 1 iquid into a gas by being passed through a ho t  water heat exchanger. 

The metal hydride hydrogen storage system i s  probably the system 
currently receiving the major research concern. In this concept, hydrogen 
i s  assimilated into the metal1 ic hydride, where i t  i s  held a t  atmospheric 
pressure. As the fuel i s  needed, heat i s  applied t o  the metal1 i c  hydride, 
and the hydrogen i s  released. One project i s  currently active, and several 
major investigations have been conducted in the past. The current research, 
being performed by Solar Division of  International Harvester, i s  concerned 
w i t h  development of a magnesium-base alloy to store hydrogen. 14 

12. - Ibid., pg. 7 .  
13. Ibid., pg. 7 .  
14. Highway Vehicle Systems Contractors Coordi'nation Meeting, Thirteenth 

Sumnary Report. U . S. Department of Energy Report 771 037. 
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The major issue will be whether hydrogen can be produced w i t h  suf- 
ficiently high efficiencies t o  be economically attractive. Hydrogen is 
not a primary energy source b u t  rather a means of transmitting energy. 
If the transformations from coal, water, or whatever, are wasteful of 
energy, then the wide-scale utilization of hydrogen will probably never 
occur. This issue will possibly be the key t o  whether significant vehicle 
system development and demonstration programs wi 11 occur. 

3.2 Alcohols 

There have been ongoing research programs into the use of alcohol fuels 
for a number of years. The technical advantages and deficiencies of these 
fuels are well understood, and there appear t o  be no major technological 
barriers facing either production or distribution of a1 coho1 fuels. The 
major remaining uncertainties concerning the fuel are the supply potential , 
production costs, most appropriate applications, and the best approach t o  
achieving comnercial i tation, 

As indicated in the preceding section, the two major alcohol fuels that 
merit consideration are methanol and ethanol. B u t  in b o t h  fuels there i s  
uncertainty of supply. Present manufacture of methanol amounts by volume t o  
about one percent of the fuel used in highway vehicles; 'this would reduce t o  
about one-half percent of the energy used, since the heating value of methanol 
i s  a b o u t  one-ha1 f that of gasol ine. I t  has been forecast t h a t  to install 
methanol capacity t o  satisfy only five percent of the projected 1990 demand 

for motor fuel, there would be a need for $5 bill ion (1977 parity) of i n -  

vestment capital . 15 

Presently most of the ethanol i s  derived from petroleum and natural gas 
constituents. However, for ethanol t o  be beneficial as an a1 ternative fuel , 

Li that product would need t o  be derived from other products, such as the fer- 
mentation of grains, fruit, and sulphite liquors. And therein l ies  the 
problem. If all  practicably available farmland were used for farm crop 

id plantings , in excess of those required for food production, the ethanol 

15. DOE Position Paper on Alcohol Fuels, pg. 3.  



produced from the crop and crop residues would satisfy no more than eight 

percent of today's total 1 iquid fuels energy demand.16 However, production 

and util ization of ethanol on a regional basis may have merit. 

The production costs will. be a major uncertainty with the fuels. ' As 

indicated in the preceding section, ethanol prices are projected in the 

$13.20-17.10 per million BTU, and methanol prices are projected a t  $5.25- 

8.78 per mil lion BTU. Both estimates are for the fuel a t  the plant gate, 

and compare with present gas01 ine prices of about  $3.50 per mil 1 ion BTU. 

Therefore, i t  i s  obvious that b o t h  fuels will need t o  be heavily subsidized, 

especially ethanol, which i s  estimated a t  nearly twice the price of methanol 

on an equivalent heat content basis. 
17 A recent paper by Patterson examined the problems associated with 

adapting current internal combustion engines t o  the use of methanol. (Many 
of the same coments would also apply t o  the use of ethanol. ) The major 
conclusions were: 

(1) There. are no unsolvable technical problems which preclude the 

use of enhanced methanol or methanol-gas01 ine blends for spark- 

ignition vehicles. However, considerable cost and complete 

retrofitting would be required t o  assure t h a t  existing vehicles 

perform satisfactorily without incurring continuing repair costs. 

( 2 )  Given sufficient lead time of a few years, automobile manufac- 
turers would be able t o  design and build new vehicles capable of 

satisfactory operation on methanol. 

( 3 )  In view of the limited available supply of methanol and other 
alcohols, it  i s  readily apparent t h a t  considerable lead time 

and capital investment will be required t o  introduce alcohol 

fuels into the general motor fuel supply in large quantities. 

Other concl~sions of the Patterson study were t h a t  methanol would be 

preferred over the methanol -gas01 ine blends, t h a t  careful and control led 

16. Ibid, pg. 2. 

17. Patterson, D.J., Bolt ,  J.A., and Cole, D.E., "Engine Modifications for 
Use of Methanol and Methanol Gas01 ine Blends.", DOE Highway Vehicle 
Systems Contractors Coordination Meeting . Troy, Mi chi gan , May, 1 978. 
pp. 14. 



blending with hydrocarbon constituents would be required, and special 
attention will be needed t o  deal w i t h  the problem of phase separation of 
water in the fuel. 

Because of some non-energy issues there has been considerable interest 
in producing alcohols as a motor fuel. The existence of local grain sur- 
pluses has caused interest on a regional basis in using ethanol from grain 
as a supplement with gasoline. And, the desire t o  dispose of municipal 
solid waste and t o  utilize forest and agricultural residues has resulted 
in proposals t o  produce and use b o t h  methanol and ethanol on a small - 
vol ume 1 ocal ized basis. Continuing studies are underway t o  " he1 p resolve 
key technological , economic, environmental , and institutional issues that 
obstruct or cloud comnercialization decisions. Planning for early end-use 
demonstration i s  included." (Underlining added for emphasis). 18 

3 . 3  Fuels (Broad-Cut and/or Synthetic) 

Present programs include the testing and evaluation of synthetic gas- 
01 ine and diesel fuel s in current and improved engine types t o  uncover 
problems that may occur with the use of these fuels. Additionally, exten- 
sive work i s  being performed on advanced engine types capable of operation 
on a wide selection of fuel types. 

The synthetic fuels are being produced from coal, oil shale, and bio- 
mass. Perhaps the major evaluation has been in developing gas01 ine and 

diesel fuel from the Western oil shale. The economics of developing a 
capability t o  convert the Western oil shale t o  gas01 ine/diesel fuel was 
examined by Stanford Research Institute in 1975. Their study indicated: 

All synthetic liquid fuels production options would have large 
environmental , social , and institutional impacts - especial 1 y 
in resource development regions. 

I 

- -- 

18. DOE Position Paper on Alcohol, p. 4. 



No s i n g l e  option i s  "best"  i n  a l l  a spec t s ,  but net energy impact 

and compatibil i t y  analyses genera l ly  l e a s t  favor methanol con- 

version. 

I n s t i t u t i o n a l  and .cornpati bi 1 i t y  considerat ions favor production 

o f  a syn the t i c  crude o i l  r a t h e r  than d i r e c t  production of  a con- 

sumer product. 

Because of compat ib i l i ty ,  methanol use is more 1 ike ly  i n  s t a -  

t iona ry  than mobile app l i ca t ions  (but  t h i s  could " re lease"  

petroleum f o r  automotive use).  

The re turn  on investment and business risk c1 imate requi re  

improvement before a pr iva te-sec tor  e f f o r t  i s  1 i kely. 19 

\ 
The study indicated t h a t  the estimated i n s t a l l e d  capacity f o r  o i l  sha le  re- 

. * f in ing  c a p a b i l i t y  i s  about $10,500 per  barrel/day ( i n  1977 d o l l a r s ) .  The 

c o s t s  would be about $1 5,000 per barre l lday (1977 do1 l a r s )  capaci ty  f o r  a 

\ .  coal syncrude re f in ing  capab i l i ty .  

Relat ive t o  engine development e f f o r t s  t h a t  wi 11 provide primemovers 

capable of operat ing on wide-boi 1 ing-range f u e l s ,  the Department of Energy 

has been providing heavy continuous funding. The S t i r l  ing engine program 

has been underway f o r  several  yea r s ,  and indica t ions  a r e  t h a t  i t  wi l l  con- 

tinue f o r  several  more years .  The S t i r l  ing engine (and a l l  external  com- 

bustion engines) has a major mu1 t i - fue l  capabil i t y .  

There is no need t o  demonstrate t h e  v i a b i l i t y  of syn the t i c  f u e l s ,  pro- 

vided they have t h e  same spec i f i ca t ions  as petroleum-derived gas01 ine and/ 

o r  d iese l  fue l .  As a result, any demonstration p ro jec t s  r e l a t i n g  t o  broad- 

cut fuels would probably involve t h e  engine system, r a t h e r  than the  f u e l .  

19. Automotive Parnes Systems Con t r a c t o r s  Coordination Meeting, Eighth 
S u n a r y  Report, May 6-8, 1975, ERDA. Division of  Transportat ion 
Energy. pp. 369-385, c i t i n g  Stanford Research I n s t i t u t e  Study. 



3.4 Gas01 ine/Al coho1 Blends 

One of the major alternative fuel options i s  t o  consider alcohol as 
a gasol ine extender. This concept has viability when the 1 imited supply 
of alcohol i s  considered. 'Proponents contend that by using the available 
alcohol supply as an additive the total fuel available would be effectively 
increased by the amount of alcohol added into the system. 

The technology of blending alcohol w i t h  gasol ine i s  reasonably well 
understood; investigations have been underway in this area since before 
World War 11. The most recent investigations have been concerned w i t h  

some of the more subtle aspects of utilizing the various fuels, such as 
providing information to enable re1 iable prediction of the phase stabil i t y  

of methanol /gas01 i ne mixtures a t  varied temperatures and water con tent. 2 0 

Of all  the alternative fuels being considered, the alcohol and gas- 
oline mixtures have attracted the most localized interest. This i s  the 
result of alcohol feed-stock surpluses, such as grains, in local areas. 
In 1971, for example, the State of Nebraska specifically approved the use 
of a 10 percent ethanol/90 percent gasoline blend as part of their "Gasohol" 

21 program. And even more recently, the Southwest Alabama Farmers ' Cooper- 
ative Association requested the government t o  approve their proposed formula 
for denatured alcohol intended for use in a 10 percent ethanol/90 percent 
gasol ine fuel blend to power farm equipment. 2 2 

The government of Brazil has actively supported the sale of a alcohol/ 
gasol ine blend for several years in order to dispose of a surplus supply of 
local agriculture produce that can be used in the fermentation process. 

One of the major problems associated w i t h  the gasoline/alcohol blend, 
however, is the cost for retrofitting the automobile, even when small 

-- - - -  . - 

20. Hiqhway Vehicle Systems Contractors Coordination Meeting, 13th Sumnary 
Report. 

21. Denaturants for Ethanol/Gasol ine- Blends, Department o f  Energy, Contract 
EX 76-C-01-2098, Apri 1 , 1978. Muel 1 e r  Associates, Inc. 

22. Ibid. - 



amounts of alcohol are  blended into gasoline. Patterson e t  a1 .23 stated: 

While use of both methanol and methanol-gas01 ine blends intro- 
duces problems, i t  appears more a t t rac t ive  from a cost and time 
standpoint t o  concentrate e f for t s  on vir tual ly  pure methanol as 
an a1 ternative fuel ' rather than as a blending agent in gasol ine. 
By this strategy and with a given amount of methanol introduced, 
fewer existing vehicles would require r e t ro f i t t i ng  . 

3.5 Sumnary 

Table 111-2 summarizes the production processes available for  each of 
the a1 ternative non-petroleum-based automotive fuels.  All have, in one way 
or  another, been i n  commercial production. In almost a1 1 instances the 
main 1 imiting factor  i s  the question of cost in the production processes. 
This i s  further verified i n  Table 111-3, "Logistic Factors fo r  Automotive 
Use of A1 ternative Non-Petroleum Based Fuels. " This table shows estimates 
of what the costs would be i n  1985 a t  the pump (1973 dol la rs ) .  These es- 
timates indicated tha t  the synthetic fuels from oi l  shale have the most 
a t t rac t ive  economics. The next most a t t rac t ive  i s  methanol derived from . 

coal. Interestingly,  the comparative advantages for  synthetic gasol ine, 
a synthetic d i s t i l l a t e ,  and methanol also continue i n  the other compari- 
sons, as shown i n  the Table. Storage a t t r ibutes  fo r  the three fuels are 
e i ther  excel len t  ( fo r  the synthetic fuels)  or good ( fo r  methanol ) . The 
f i r e  hazard i s  no worse than tha t  for  regular gasol ine. The synthetic 
fuels and alcohol have good compatibility w i t h  petroleum fuels .  And i n  

the three cases no major changes are foreseen i n  the fuel distribution 
system to  the customer. 

23. Patterson, D. J . ,  e t  a1 . , page 14. 
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TABLE I 1  1-3 Logist ic  Factors f o r  Automotive Use o f  A1 ternat ive  Non-Petroleum-Based ~ u e l  s 

'$ / to9 JOULES - DOUAPI  PER BILLIOW JOUlES 101 fl(L POST 1985 PERIOD. 

SOURCE: Mueller and Associates. 
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4. IDENTIFICATION OF TRANSIT DEMONSTRATION OPPORTUNITIES 

A1 1 federal act ivi t ies deal ing with a1 ternative fuels have been 
assigned to the Alternative Fuels Branch, Division of Transportation 
Energy Conservation. 

The Division of Transportation Energy Conservation (TEC) i s  under 
the Assistant Secretary for Conservation and Solar Applications. The 
TEC program i s  recognized as a high-priority program, and i s  presently 
the largest single program in ~ o ~ s e r v a t i o n . ~ ~  The funds appropriated 
by Congress for this program were about $30,000,000 in FY78. Funding 
estimates for FY79 indicate a one-hundred percent increase.25 About 90 

percent of this  budget will go into industry for the conduct of the program. 
While most of the funds are directed toward advanced engine development, a 
significant portion i s  directed toward alternative fuels research. This 
effort  i s  directed by the Alternative Fuels Branch, which coordinates a l l  
act ivi t ies in the fuels utilization effort into the Alternative Fuels 
Util ization Program (AFUP) . 

The specific objectives and strategies of the AFUP are to: 26 

. . .achieve and eval uate mu1 ti fuel operation in research 
engines of the continuous combustion types and experimental 
IC types in order t o  uncover problems w i t h  the use of dif- 
ferent fuel s in these engines. This i s  a near-term goal . 
. . .In the long term, for hydrocarbon and for a1 coho1 fuel s ,  
achieve and evaluate new systems t o  optimize the resource/ 
fuel /engine systems for efficiency, emissions , performance, 
manufacturabi 1 i ty and marketabi 1 i t y  . 
. . .Test and evaluate alcohol gas01 ine blends i n  comnercial 
o r  government f leets  to  discover and solve problems and 
ultimately prove the feasi bil i ty  and re1 iabil i ty of blends 

... Test and evaluate synthetic gasoline and diesel fuels i n  
current and improved current engine types t o  uncover problems 
that may occur w i t h  the use of these fuels. 

24. Highway Vehicles Coordination Meeting, 13th Summary ~ e p o r t ,  Pg. 3. 
25. The Budget of the U.S. Government, Fiscal Year 1979, Appendix, Pg. 359. 

26. Highway Vehicles Coordination Meeting, 13th Sumnary Report, Pg. 308. 



I t  i s  significant that in the above-listed objectives the AFUP program 
specifically indicates that a demonstration program will be carried o u t  in the 

. - near term with alcohol/gasoline fuels. ~ n t e r v i e w s ~ ~  with the chief of the 
Alternative Fuels Branch confirmed that this i s  the only area where a demon- 

stration program i s  being considered. I t  was further indicated that the 
'. 

federal government's position i s  that a demonstration program i s  not  to be 
I undertaken until a concept i s  shown to be reasonable, and the production 
I 

techno1 ogy and distribution economics indicate the fuel might be competitive. 
O f  a1 1 thedal ternate fuels that are candidates, only a1 coho1 and a1 coho1 /gas- 
01 ine blends meet this requirement. I t  i s  be1 ieved the AFUP team would look 
favorably upon a demonstration being conducted in a pub1 i c  t ransi t  operation. 

\- In spite of the AFUP's apparent preference for alcohol as the only 
candidate for  demonstration, others have indicated that the preferred 
fuel for demonstration would be synthetic gasoline and/or diesel fuel. 
In separate studies conducted in 1974 by the Institute of Gas Technology 28 

I .  and Exxon ~esearch~ ' ,  i t  was concluded that the following a1 ternative 
fuels would be the closest to having commercial ization potential (and 

I 
I 
I,: hence would be the most likely candidates for a demonstration project) : 

Near Term (1 975-1 985) 

gasoline from coal and water or oil shale and water 
d i s t i l l a te  (diesel ) oi l s  from coal and water or oil  shale and water 

, . Mid-Tern (1 985-2000) 

gasoline from coal and water or oil shale and water , 
L.4 d i s t i l l a t e  (diesel) o i ls  from coal and water or  oil shale and water 

I methanol from coal and water 
i; 

Long-Ten (Beyond 2000) 
t 
I '  

gas01 ine from coal and water or oil  shale and water 
L 

dis t i l l a te  (diesel) o i ls  from coal and water or oil shale and water 
nuclear-based hydrogen (from water) 

1 

: -2 methanol from coal and water 

L*. 
27. Personal interview with the Chief, Alternative Fuels Branch, Transpor- 

i tation Energy Conservation, DOE, April , 1978, in Ann Arbor, Michigan. 
L, 28. Pangborn and Gil l is ,  IGT. 

29. Kant, e t  a1 , Exxon Research. 
( 
I 



Since the IGT and Exxon studies were conducted there has been further work 
indicating t h a t  methanol derived from coal does not  have some of the economic 
advantages t h a t  were assumed by IGT and by Exxon. B u t  there has n o t  been any 

serious disagreement with the contention t h a t  synthetic fuel s are in the fore- 
front of the likely candidates during a11 future periods. I t  would appear, 
therefore, t h a t  a demonstration program could be developed around a program 
util izing synthetic fuel. B u t  the program would probably be a demonstration 
of a synthetic fuel production process, rather than a demonstration of a 
specific fuel. The fuel, after a l l ,  would be a rep1 icate of currently 
available supplies. 

The only other candidate t h a t  has been mentioned as a possibility for a 
demonstration project is hydrogen. I t  does not  appear that this fuel would 

be a serious contender for an automotive evaluation anytime in the near f u -  
ture. The AFUP plan does not  even mention the fuel as meriting demonstration 
consideration. The IGT and Exxon studies mention the fuel as having possible 
attractiveness only after the year 2000. 



5. CONCLUSIONS AND RECOMMENDATIONS 

The f i r s t  conclusion of the study i s  t h a t  the only al ternat ive fuels 

that  appear t o  be l ikely candidates for  a demonstration in the near tern are  

alcohol and synthetic fuels.  ' B u t  i f  synthetic fuels are used in a demon- 

s t ra t ion ,  the main demonstration c r i t e r i a  will be an evaluation of the pro- 

duction process, not the merit of the fuel i tsel  f .  A1 cohol , however, woul d 

benefit from a demonstration that  would include e i ther  the production pro- 
cess - or  the actual use of the fuel in the f i e ld .  The major demonstration 

fuel contender therefore, i s  alcohol, e i ther  s t raight  or in a gasol ine blend. 

Ideally, the demonstration should include an evaluation of the production 

process and the f i e ld  application. 

The only l ikely supporter of a demonstration project i s  the U.S. De- 
partment of Energy, Division of Transportation Energy Conservation. There 

are  tentative plans for  supporting some demonstration programs of alcohol/ 

gasol ine blends in the near future.30 The most 1 ikely funding dates will be 

during FY1980, w i t h  the possibi l i ty  that  the funding would not occur until 

FYI981 or FY1982. The presentation by a serious commercial or governmental 

en t i ty  of a demonstration concept t o  the Department of Energy would acceler- 

a t e  the funding date. This would be especially true i f  the organization in- 

dicated a willingness t o  perform the demonstration on a shared-cost basis. 

I t  i s  reconended tha t  there be a plan for  a public t rans i t  demonstra- 

tion project using alcohol . The preferred a1 cohol would be methanol . The 

demonstration, hopefully, would include the construction and operation of a 
methanol pi l o t  plant u t i l  ir ing: 

. . . forest  products biomass, available in large quantit ies in 

the upper peninsula, o r  

... solid waste, available in Southeastern Michigan. 
I 

30. Personal interview w i t h  Chief, A1 ternative Fuel s Branch, DOE, April , 
1978. 



Both concepts have appeal, b u t  for  d i f fe rent  reasons. A project de- 
veloped on the u t i l iza t ion  of fores t  products biomass also has the benefits 

of being operated i n  an isolated areas ( the  upper peninsula). The ef fec ts  
(costs and benefits)  could.therefore be more easi ly  measured. A project 
usinq sol id waste biomass from Southeastern Michigan has the benefit of 
being a demonstration that  would have resu l t s  more potentially extrapola- 
table  to  heavily urban areas. 

In developing the demonstration proposal the fo l l  owing concepts should 
be used as a guide: 

. . .The production of new techno1 ogy regarding the characteris t i c s  
of a technology in a real-world set t ing.  This new information i s  
aimed a t  potential adopters and manufacturers to  stimul a te  the 
use of the technology, and a t  regulatory agencies to  provide the 
basis fo r  decisions tha t  might require use of the technology. 

... The exemplification of a technology, by dissiminating existing 
information; to  provide potential adopters w i t h  opportunities for  
first-hand assessment of i t s  usefulness and appl icabil  i ty.  

. . .The encouragement of inst i tut ional  and organizational changes 
in an industry and re1 ated organizations to  faci 1 i t a t e  adoption - 
of the technological change. 

... The fulf i l lment  of high-level national policy goal such as 
reducing the U.S. dependency on imported foreign o i l .  31 

The proposed demonstration should contribute to  achieving a1 1 four cate- 
gories of goals. A demonstration tha t  would accomplish th i s  would consist  of 
the following: 

1 ) . . .construction and operation of a methanol p i lo t  plant,  u t i l iz ing  
local materials input. Such a plant should be to t a l ly  self-con- 
tained, and should supply a l l  of the demonstration fuel u t i l  ized 
by the t r a n s i t  property. Any extra methanol produced would be 
sold i n  the open market t o  help defray p i lo t  plant operating costs. 

1 

31. Foster, R.W., "A1 ternative Fuels and Interci ty  Trucking, University of 
Miami and Escher Techno1 oqy Associates, ETA Reoort PR-82. A ~ r i l  , 1978. - - 
Pp. 302 plus Appendicies. 



2)  ... a transit property t h a t  would have b o t h  alternative-fuels 
demonstration vehicles and regul ar-fueled vehicles in operation. 
The demonstration fleet would then be evaluated against the 
regular-fueled '!baseH fleet. 

3 )  . . .the project should operate for a t  least three fu l l  seasons, 
hopefully for a t  least five years. In this way, the aberrations 
caused by operator and mechanic training would be neutral ired. 

4) . . .the State of Michigan and/or the local transit property 
should agree t o  participate in the project on a shared-cost 
basis. 

In describing a demonstration project on intercity trucking uti 1 iring a1 - 
ternative fuels, ~ o s t e r ~ '  discussed the critical role of information in 
the demonstration. His comments should be used as a guide in developing 
a plan for a demonstration project of a pub1 ic transit property utilizing 
a1 ternative fuels: 

Figure.. . (5-1 ) . . . i l l  ustrates the inter-relationships between 
participating organizations and agencies, the program objectives, 
the two basic processes of the program planning and program opera- 
tion, and the information product resulting from the program oper- 
a t ion .  

In the program under discussion here, our final objective, 
given that the results of the demonstration program are positive 
and encouraging, i s  t o  provide effective dissemination of these 
position findings t o  the target audiences. . .Effective information 
dissemination i s  essential if  diffusion success i s  t o  be achieved. 
The key t o  achieving a good program and effective information 
dissemination i s  good project planning.. . . 

.... Planning for an operation of the demonstration project 
would include explicitly the target audiences who are expected t o  
make use of the demonstration results. The fol lowing guide1 ines 
are proposed.. , . 

1.  Potential adopters and other target audiences should help 
plan the demonstration through advisory panels or pre- 
ferable, as direct participants. 

32. - Ibid, pp. A-6 t o  A-8. 



2.  Where substantial technological uncertainty ex is t s ,  planning 
for  the demonstration should include organizations tha t  have 
conducted R&D or f i e ld  t e s t s  i n  the technology. 

3 .  Where resolution of external i ty  uncertainties (such as 
health, safety,  and environmental qua1 i ty  standards) i s  
important, the relevant federal , s t a t e ,  and local regulatory 
agencies should be direct ly  involved in planning for  the 
demonstration. 

4. Concrete planning should be done a t  the local operating 
level w i t h  federal review, and not by the federal agency. 

5. The demonstration should include private sector firms w i t h  
strong incentives to  become manufacturers or suppl i e r s  of 
the techno1 ogy . 
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