
AD—A058 200 ARMY COMMAND AND GeNERAL STAFF COLL FORT LEAVENWOR TH KANS F/G 21/14THE DEPARTMENT OF DEFENSE’S ALTERNATE ENERGY POL ICY.( U)
JUN 7~ W .1 LUCAS

UNCLASSIFIED

!flfl ~~~
_ _

OO~ ISL 5fl !F’
~

__ I

, ; J _
_  

_ _  

—in 3
_ •jfl~Q



A thesis p o e u e .S. A rmyComma era f 4 tiaifu1~~ 3 e~~~~~ . : .~~~~
f0 th

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~T ’ ~~~~~~D SC

I // ~ :~ 7~ ’\\ \C.) 
( I .  

~~ j / / ~ ~~~~~~ Y.~~\Li~i -!
.~ S. L AS , M*J . U F ~B. . r ~~~te U~41è1~~t~ ~ D C

• 

_ _ _ _ _

78 08 1 i o 4 1



Unclassified
SECURITY CLASSIFICATION OF THIS PAGE (When Data £nt.,.d)

DE
~ ’~~ ’ W’ IILA E~

JTATIf l
~
J DA ~~E READ INSTRUCTIONS

I’ I ~JU’~~I I#~e~~.UM l~ ~~ 1 ~~~~ 1 
~~ BEFORE COMPL ETING FORM

C REPORT NUMBER 2. GOVT ACCESSION NO. 3. RECIPIENT’S CATALOG NUMBER

4. TIT LE (end SubtSU.) S. TYPE OF REPORT A PERIOD COVERED

The Defense Departments Alternative Fuels Policy Final Report 9 June 1978 
,

.—

6. PERFORMING ORG. REPORT NUMBER

7. AUTH OR(s) 6. CONTRACT OR GRANT NUMBER(a)

Lucas, William J., Major , USAF

9. PERFORMING ORGANIZATION NAM E AND ADDRESS 10. PROGRAM ELEMENT, PROJE CT , TASK
AREA & WORK UNIT NUMB ERS

Student at the U.S. Army Command and General Staff
College , Fort Leavenworth , Kansas 66027 ~~~~ —

II. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

U .S. Army Command and General Staff College 9 June 78
ATTN: ATSW—SE 13. NUMBER OF PAG ES

__________________________________________________ 

70
14. MONITORING AGENCY NAME A AODRESS(U dJiferan t fran, Controlflná Off ice) 15. SECURITY CLASS. (of this report)

Unclassified
ISa . DECLASSIFICATION/DOWNGRADING

SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20. ii different from Report)

Approved for public release; distribution unlimited

IS. SUPPLEMENTARY NOTES

Masters of Military Arts and Science (rir’iAs) Thesis prepared at CGSC in partial
fulfillment of the Masters Programs requirements, U.S. Command and General Staf:
College , Fort Leavenworth , Kansas 66027

19. KEY WORDS (Continue on reverse aid. if nac..aary and identify by block number)

Fuel Defense Systems
Fuel Alternatives Military Requirements
Policy Problems Energy
Policy Formulation

ABS1’RACV fCentthu. en ,,v.ren .f ~~ Ft ,,~~*swy end identity by block number)

‘iThis thesis examines the question of the scarcity of petroleum—based
fuels early in the Twenty-First Century and the DOD policy and programs
to meet this shortage . Based on the fact that petroleum fuels as we
know them will not be availabe early in the Twenty-First Century , this
study examines the uniqueness of the DOD’ s world—wide mission and its
dependence on petroleum fuels for its main weapon systems. Because of
isis uniqueness, it was concluded that the DOD needs an alternative fuels —~~~

DO ,~~~~
‘,, W3 £D~TION OF I NOV 66 IS OBSOLETE Unclassified

SECURITY CLASSIFICATION OF Th iS PAGE (WA.,~ Data Entered) 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~



-- —,~

Unclassified
SECURITY CLASSIFICATION OF THIS PAGE(When Data &,t.rod)

~‘policy indepent. .mt of other governmental agencies to meet the national
security requirements. The current DOD policy on alternative fuels for
the future is examined. This investigation revealed that , as of January
1978, the DOD did not have a comprehensive policy for alternative fuels.
Further , the direction of Research and Develoiluent efforts has suffered
as a result of this lack of policy. Lastly , the study offers a proposed
policy for consideration. Recommendations for both short- and long-
range goals are proposed . Conclusions were that an alternative fuels
policy is absolutely necessary and that a policy needs to be established
as soon as possible.~~

1

Unclassified
SECURITY CLASSIFICATION OF THIS PAGE(Wh.n Bat. Entered)



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~epartment of D e f e n s e l s A l te rna te  Energy Pol i c~~~~

0_W illiam J._JLucasjMAJ1 U SAF
.~~~~. A-r’my e~~111111~~, an d General Staff Colle ge

For t Leavenwor th , Kansas 66027 4

- I
Fi na l repor’7~_

Jun~~~~78

~~~ ij~ /~~ j
Approved for public relea se; distribution unlimited

A Master of Military Art and Science thesis presented to the
faculty of the U.S. Army Command and General Staff College ,
For t Leavenwor th , Kansas 66027

:11 04 1



MA STER OF MI LITARY AR T AND SCIENCE

THESIS APPROV AL PA GE

Name of cand id ate 
— 

WILL IAM J. LUCAS

Title of thes is TH~ DEPAR T~M~NT OF QEFE~tS~
’S ~LLERF1~IL......

ENER GY POLICY ________________

~\pproved by:

~~~~~~~~~~~~~~~~~~~~~~~~~~~ — 
Rese arc h A d v i sor

____ ________  .,  Mem ber , Gradu ate Faculty

Accep ted this)P’~~ .... 
day o~~~~

4”
~~ 

— 1978 __________________

D i rec tor , Mast er of Mi litaryVAr t and Scien ce.

The opinions and concl usions expressed here in are those of

the indivi dual student author and do not ne cessa rily repre-

sent the views of either the U .S. Arm y Comman d an d Ge nera l

Staff Coll ege or any other governmenta l agency. (Referenc!~
to this study should inclu de the foregoing statement.)

• ___________

NC -
~~~~

.aIoNCN  

-.-   

A j .Li 11



THE DEPARTMENT OF DEFENSE’S ALTERNATE ENERGY POLICY , by
Major William J. Lucas , USAF 70 pages.

This thesis examines the question of the scarcity of petro-
leum -based fuels early in the Twenty-first Century and the DOD
pol icy and programs to meet this shortage. Based on the fact
that petroleum fuels as we know them will not be available
early in the Twenty—first Century , this study examines the
uniqueness of the DOD’ s world -wi de mission and its dependence
on petroleum fuels for its main weapon systems. Because of
this uniqueness , it was concluded that the DOD needs an alter - /native fuels policy independen t of other governmental agencies
to meet the national security requirements . The current DOD
policy on al ternative fuels for the future is examined. This
investigation revealed that , as of January 1978, the DOD did
not have a comprehensive p olicy for alternative fuels. Fur-
ther , the direction of Resear ch and Development efforts has
suffered as a result of this lack of p olicy. Lastly, the
study offers a proposed policy for con sideration. Recommen-
dations for both short- and long-range goals are proposed.
Conclusions were that an altern ative fuels policy is absolutely
necessary and that a policy needs to be established as soon
as possible.

i i i 



TABLE OF CONTENT

Page

LIST OF TABLES v

LIST OF FIGURES vi

Chapter

1. DWINDLI NG ENERGY RESOURCES 1

2. THE N EED FOR A DOD ALTERNATE
EN E RGY POLICY 10

3. THE DOD ALTERNATIVE FUELS POLI CY 17

4. REVIEW OF CURRENT ALTERNATE ENERGY
TECHNOLOGY 24

5. CURRENT DOD ALTERNATIVE FUE L
RESEARCH EFFORTS 51

6. PROPOSED ALTERNATIVE FUELS POLICY 58

7. SUMMARY, CONCLUSIONS , & RE COMME N DATIONS 61

BIBLIOGRAPHY 70 

iv 

j



L IST OF TA BLE S

Table Page

1. DOD MBTU Use vs. Dollar Costs 14

2. A Summary of Overall Coal
Process Efficiencies 25

3. Shale -oil Depo sit in the Green
River Formation 2.7

4. Ground Vehicle Fuels 30

5. Hydrogen -Based Fuels Comparison 33

6. Current U.S. Hydrogen Vehic les Research 34

7. A Com p ar i son of J P Fu el A i rp lanes
and Liquid Hydrogen 38

8. U308 Needed for Projected
Reactor Capacity 41

v~~



S

LIST OF FIGURES

Figure Page

1. A Panorama of Fuel Used in the
United States 1860 to 2000 5

2. Profile of U.S. Fuel Use ,
• 1900-2000 7

3. Plans & Status of U .S. Army Energy
Program 12

4. M-60 Tank As Modified For Various
Alternate Fuels 32

5. Hydrogen Configuration with
Fuel Storage in Fuselage 36

6. Hydrogen Configuration with Fuel Tanks
in Nace lls and Wing Panels 37

7. Plutonium Availability and Requirements 42

vi

~



CHAPTER 1

DWINDLING ENERGY RESOURCES

The Study

STATEMENT OF THE PROBLEM: The era of abundant fossil

fuels is rapidly drawing to a close. With this fact as a

basis , the Defense Department , with its extensive demand for

petroleum -base d fuels for mobility , needs an alternative fuel

poli cy to meet this imminent danger , and to carry the defense

establishment into the 21st century .

GOAL OF THE STUDY: To evaluate current Defense De-

partment altern ative fuels policies , and identif y any areas

that may not be addressed by current policy that affect a

viable defensive posture both in the near and long term . If ,

as a result of this study, shortcomings are identified , recom-

mendations will be made as to the direction that might be

taken by the Department of Defense (DOD) to overcome those

deficiencies.

METHODOLOGY: In developing this report; unclassified

- 
• research reports , technical reports , and memorandum reports,

• 

. 
supplemented by telephone surveys of energy experts were corn-

piled. Both industry and governmental agencies were surveyed

in the area of energy policy, and developing technology.

Back gro un d

Conven ie n t fuels suc h as na tural g as an d petro l eum

are a finite commodity , i.e. they will not last forever.

_ _ ___
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They represent only 3 and 4~ or the earth ’ s estimated total

reserves, but account for approximately two-thirds of the

energy used in the United States. This is expected to de-

crease to 40% by 1990, and by 2000 we will have only 25% of

today ’ s reserves rem ain i ng ~ Therefore , the problem is not
— 

one of cost alone , but the fact we are not going to have con-

venient petroleum-based fuels available in the not-so-distant

future

The first major public governmental stand on energy

came on June 4, 1971 when President Nixon delivered an energ y

address to Congress in which he stated:

A sufficient supply of clean energy is essential if
we are to sustain healthy economic growth and improve
the quality of our national life . I am , therefore , an-
nouncing today, a broad range of actions to ensure an
adequate supply of clean energy for the years ahead. Pri-
vate industry , of course , will still play a major role of
providing our energy , but government can do a great deal
to help meet this challenge.:.

The energy dilemma was brought into sharp focus during

the 1973 oil embargo. Many programs have been initiated in

an attempt to ease the energy situation. President Nixon

started “Project Independence ” which had a goal of self-
3

sufficiency by 1980 . On the 29th of June 1973 , President

Nixon announced several actions his administration was taking

to solve the nation ’s energy problems and long-term needs.

In this announcement he stated:

Now we must build on our increased knowledge , an d on
the accomplishments of the past twenty -two months to
develop a more comprehensive integrated national energy
act to conserve energy more effectively; strive to meet
our energy needs at the l owest cost consistent with the
protection of both our national security and our natural



3

environment; reduce exces sive regulatory and administra-
tive impingements which have delayed or prevented construc-
tion of energy-producing facilities; act in concert with
other nations to conduct research in the energy field
and to find ways to prevent a seriou s energy shortage;
and apply  our vas t  s c i e n t i f i c  and t e chno log i ca l  c a p a c i t i e s ,
both pub l ic  and p r i va te , so we can u t i l i z e  our current
energy resources more wisely and develop new sources and
new forms of energy.

The actions I am ann ouncing today and the proposals
I am submitting to Congre ss , are designed to achieve
these objectives. They reflect the fact that we are in
a period of transition in which we must work to avoid ,
or at least minimize , short -term supply shortages , while
we act to expand and develop our domestic supplies in
order to meet long -term energy needs.

We should not suppose this transition will be easy.
The task ahead will require the concerted and coopera-
tive efforts of consumers , industry and governme nt. 4

Congress has been deluged w ith various energy-saving and

energy production plans. A cabinet department was formed to

deal with energy matters . Many programs h a v e  been initiated

since 1973. It is now time to ask several questi ons to evalu-

ate where we are , where we are going, and how effective these

past  program s have been.

Where do we stand on the goal of self-sufficiency?

How much oil and gas remain undisc overed?

How much of that oi l is economically recoverable?

What new extraction techniques will become economic-
ally feasible as the supply demand cycle drives
prices up?

How much can our vast coal reserves replace dwindling
oil and natural gas?

Just how rapidly can nuclear energy be expanded to
meet a major source in our power needs?*

*Note: These question s were asked by the editorial
staff of the Kansas City Star on 27 September 1977. No an-
swers were offered.
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Figure 1 demonstrat es graphically the situation today.

In the winter of 1976-77 , for example , gas was cut off to

industry in many parts of the c~ ’intry as demand exceeded

supply due to the severe w inter cold. Residential consumers

received the highest priority , therefore , man y bus i ness es

were forced to close , resulting in layoffs and massive unem-

p lyme rl t . This had considerable effect on our gross national

product. Some estimates p lace it in the billions of dollars.

Our consumption of oil in January of 1977 was over

19 million barrels per day. Over half of this came from

foreign sources and cost the United States 4 million dollars

every hour of the day for 365 days. This multiplies out to

$2 ,880,000 per month. What effect is this having on our bal-

ance of payments and the strength of the dollar throughout

the world? One effect was an ann ouncement in December 1977

that the Federal Reserve would be taking steps to support the

dollar in the international monetary market. If this monetary

deficiency isn ’t correct ed , it could lead to economic collapse

of the dollar. To further complicate the situation , some of

our chief suppliers , such as Canada who supplies both gas and

oil , have begun a cut back schedule which calls for a stop

in exports to the United States by 1982--only four years from

now. Another , Venezuela , had also ordered cut backs on ship-

ments. These cutbacks will leave the United States almost

totally dependent on the Middle East for its energy demands ,

making us even more vulner able to an embargo than we were

in 1973.~
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Most of the s c i e n t i s t s  and energ y expe r t s  agree tha t

the Uni ted S ta tes  w i l l  not be ab le  to ach ieve  s e l f - s u f f i c i e n c y

by 198 O. (See  Figure 2) It is un l i ke l y  that  independ ence can

be accompl ished even by iggo. 6 
M a n y  p r o p o s a l s  to c o r r e c t

this s i t ua t i on  appear  in the p ress da i l y .  These sources of

energy are presented as the answer  to the energy supply prob-

lems. Fuel cells , methane from man ure , new wind -driven tur-

bines , solar heating and cooling, are but a few of the many

sources which can be explored. Wha t is ignored , or at best

unappreciated , is the miniscule energy contributions of such

inventions , which , if successful would only make a small con-

tribution to meeting the total energy dem ands of the nation

for many years to come . The lead time is extensive and re-

quires large investmen ts today for returns that may not be

realized for ten or fifteen years .

The Defense Department seems to realize the serious-

ness of the situation as indicated by statements recent ly

made by Secretary of Defense Harold Brown:

Two thirds of all the oil ever used has been consumed in
the past seventeen years. Virtually all the w orld ’ s
consumption of natural gas has occurred since 1945. As
we compound our consumption at an annual growth rate of
3.5 percent , our reserves decline. Arguments that re-
serves remain to be disc overed fail to take into account
the numbers. To maintain even the present rate of con-
sumption without eating into our reserves , we woul d nee d
to discover another Texas or Alaska every six months;
or an Iran or ~uwait every three years. That is not go-
ing to happen. ’

There is debate within the sciencific community on

what direction energy researc h should take. But the one fact

on wh ich all agree is that our nati on and even the world will

_ _ _ _ _ _ _ _ _ _ __
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not have petroleum in the not-so-distant future. This being

the case and recognizing the impac t that the lack of fuel

would have on the mob ility of our armed forces , the questions

that must be answered are:

In light of the efforts being put forth by other agencies

of the government , is there a requirement for the Defense

Department to have its own alternative fuels policy?

If it is necessary , what is that policy; and does it meet

the challenges posed by the imminent conventional fuel

shortage?

‘a

_ _ _ _ _  __  5 5 -  
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CHAPTER 2

THE NEED FOR A DOD ALTERNAT E EN E RGY POLICY

Nat iona l  Secur i ty

READINESS:  The m i l i t a ry  is a l ready fee l ing  the effect

of the foss i l  fuel shor tage.  As supply de c reases  and demand

increases, prices are rising at astronomical rates. These

i n c reases  in fuel cost  have had an e f fec t  on read iness .  As

our convenient foss i l  fuels are dep le ted , the pr ice is increas-

ing to the point  that it is a f f ec t i ng  our na tional security .

The A i r  Force is us ing  30% l ess  fuel today than it did f i ve

years ago, but the cost  now is two and one-ha l f  t imes more
1

for that fue l .  Th is  is a l s o  true of the Army , as al l  of i ts

main f i repower  weapon systems require pe t ro leum-based fue l .

The cost of fuel used in f ie ld  exerc i ses  has reduced their

n u m b e r , caus ing  t ra in ing  veh i c l es  to be parked in s torage

areas .  This  leads to equipment  problems such as hardened

sea ls , deter io ra t ion  of ru bb er com p onen ts , leaks , and , thus ,

fewer  combat- ready v e h i c l e s .  The cos t  of fuel has reduced

flying hours for both the Arm y and the Air Force. Pilots who

are in non- f ly ing s ta f f  pos i t ions  no longer main ta in  f l y ing

pro f i c iency . What e f f e c t  th is  w i l l  have on future read iness

has not been fully determined. The pilot production programs

have been revamped. Fewer p i l o t s  are g raduat ing  from p i lo t

t ra in ing.  When they do graduate , they no longer go to an

advanced f ighter schoo l , but to an in ter im school  w here armed

10 
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trainers are used rather than advanced fighters. This poli c y

resulted from an effort to save fuel ~ind reduce costs. The

relatively low fuel consumption of training aircraft when corn-

pared to oper ational aircraft was one step taken to save fuel.

Upon completion of this training pr ogram , the pilots are then

r sent for a minimum check out in the ma jor weapon system such

as the F-15 or A -1O. This reduction in experience produces a

less qualified individual than under the old system where the

pilot received all his graduate pil ot training in the advanced

weapon system that he was to operate in his unit. *

COMBAT REQUIREMENTS: The DOD is unique in that it

has world-wide commitments . Its combat capabilities are

totally dependent on petroleum fuels. Figure 3 demonstrates

the gap between available fuel and the fuel required during

combat. The following remark s were also made concerning the

availabi l ity of fuels for combat purposes by the U. S. Army

Fuels and Lubric ants Research Laboratory (AFLRL).

1. The age of abundant low -cost petroleum fuel is over ,
and the current fuel shortage s in CONUS will be followed
by increasingly short world supplies.

2. From a long -range viewpoint , CONUS and the world are
now entering a peri od of transition from primary reliance
on petroleum fuels for energy to primary reliance on nu-
cl ear , goethermal and solar energy sources. The transi-
tion will require several decades --well into the twenty-
first century .

3. The p rogress  of the t rans i t i on  w i l l  be a sequence of
technological -economic events --i. e., the supply of petro-
leum fuels fails to meet demand; costs go up ; other fuel
sources and source processing methods become economically
competitive; new energy sources and new fuels evolve .

*Note : Survey of experienced Air Force pilots attending
Army Command and General Staff lead to this conclusion . 
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4. During the transition , the availability of fuels for
combat wi l l  underg o periods of scarcity as will the avail-
ability of  fuels for industrial and private consumers.

5. A combination of limited data (available to them in
the early 1970’ s such as the unsatisfactory a vailability
of fuels in SEA during 1971 and the shortage reported by• DSA of fuels in CONUS) and strong circumstantial evidence• (public statements by authorities in DOD to include Secre-
tary of Defense Laird) ind icates that the supply of corn-

• bat fuels will be affected and sometimes be insufficient
for our future mobility and electri ~ al needs duri iig some
general and limi ted war situations.

Our ability to carry out national policy world -wi de

is almost totally dependent on energy which requires extensive

transportation by sea. The growth of the Soviet Navy and the

shrinking size of our own naval forces leaves doubt whether

or not these sources would be available in time of confronta-

tion or hostilities. If this is the case , and our combat

e f fo r t  is so dependent on petroleum suppl ies , t h e  o b v i o u s

conclusion is that  we a l ready  have reached a point where the

lack of fuel supply could effect our national security .

OTHER FACTORS: Defense dollars are being consumed

by fuel cost not directly related to combat readines s. This

increased cost continues to have serious impact on security .

Energy for heating and cooling military buildings now devours

more of the defense dollar , thus reducing money available for

hardware , training and overall readiness. DOD conservation

efforts have decreased utility consumption rates by 17% , but

the dollar amount to pay heating and cooling bills has more

than doubled as shown in Table 

.~~~~~~~~~~~ , • • • .- • -~~~~~~~~~~~~~~~~~~~ • • ~~~~~~~~~~~



Table i4*

DOE ) MBTU use vs. dollar costs

Fiscal Year MBTU Doll ar Cost

73 242 163

• 74 209 185

75 201 311

76 201 355

N E E D  F O R  A P O L I C Y :  W i t h the mission of the Depart-

ment of Defense being so totally dependent on fossil fuels,

it seems that this fact alone would require the DOD to have

its own po licy on alternate energy . When one considers that

there is a high pr obability of inadequate world production

and refining capacities especially in warti me situations;

the probability of enemy action to reduce the supply line

flow of petroleum; the fact that combat fuel will be in com-

petition with fuel neces sary to keep the nation ’ s industrial

base producing needed war materials; and the fact that domes-

tic demand is increasing; the shortage will continue to grow

to a point where even rationing will be unab le to provide

enough fuel for the combat machines required to maintain our

national security . When you consider these collectively,

the need for a Defense Department alternative fuels policy

is evident.

It is also worth noting that treasury funds are as

*Note : Shows the number of BTU vs. the cost over a
four-year period. 
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f i n i t e  as f o s s i l  f u e l s ,  and that  dol l a r s  spent  by o the r  govern-

ment a g e n c i e s  on energy  r e s e a r c h  are  f unds  that  are in d i r e c t

c o m p e t i t ion w i t h  d o l l a r s  fo r  d e f e n s e .  S i n c e  the r e s e a r c h  and

deve lopment e f f o r t s  today w i l l  have d i r e c t  e f f e c t  on energy

a v a i l a b i l i t y, c o s t , and o v e r a ll r e a d i n e s s , and the a b i l i t y

of the DOD to meet  i ts  c h a r t e r , an energy po l i c y  for the De-

fense  Depa r tment is an a b s o l u t e  m u s t .
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CHAPTER 3

THE DOD A L T E R N A T I V E  FUELS PO LICY

Present  Po l i c y

There is a genuine nee d for an alternative fuels pol-

ic y in the DOD. Us in g this as an assum p t ion , the nex t ste p

is to determine what the p resent DOD policy is and if it meets

the requirements demon strated in the first two chapters. The

initial search for inf ormation included a study of DOD docu-

men ts- -this search did not reveal an alternative fuels policy .

A su bsequent survey of DOD energy and policy experts was

initiated to determine what the current DOD policy is re gard-

ing altern ative fuels.

THE U .S. FUELS AND LUB RI CATION LABORATORY: The Fuels

and Lu bricants Divisi on is a subdivision of the Energy and

Water Resource s Laboratory , loca ted at the U.S. Army Mobi lity

Eq uipment Research and Devel opment Command at Fort Be l voir ,

Virginia . They are chartered by the Army to fulfill needs

in the area of research an d devel opment generated by the re-

• quirements of the Army ’ s Training an d Doctrine Command. They

are not the policy makers but are the research establishmen t

tha t implements the DOD’ s an d Arm y ’ s policies. Until a re-

q uirement  is genera ted , the R&D labs w i l l  only work on those

l imited areas which are in harmony with their requirements.

Mr. Maurice E . LePera , Chie f , Fuels & Lubricants Div-

i s ion , was interviewe d on the current direction that R&D was

17
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taking and on the policies of both t h e  Army a n d  th~ 1)00. Jh t

R&D efforts wi l l  be covered in a lat e r chapter. The m o s t

i m por tan t fac t di s c o v e r e d was  the answer  to t he qu es t i on ,

• “Wha t is the current DOD policy on devel oping alternative

• fuels for mo bility?” Mr. LePera ’s answer was, “There  i s no
r

DOD policy in the area of alternative fuels. ” When ques t i one d

on this answer , he reaffirmed that to the best of his know-

le d ge , no pol icy was in existence.

D E P A R T M E N T  OF D E F E N S E :  The Deputy Under Secretary of

Defense for Research an d Technology, Dr. Ruth D a v i s , was inter-

v iewed. When asked the question on current DOD policies on

developin g alternative fuels for mobility, her answer  was ,

“ S e v e r a l  months a g o the Secre tar y of Defense di rec te d a tas k

force be form ed to look  at the p ro b lem of our re d uce d avai l -

ability of conventional petroleum products. T h e f i r s t  re por t

of this task force on al ternative fuels has been submitted

an d ap p rove d. The secon d p h ase is in p rogress  an d a pol i cy
‘I

shoul d be forthcoming sometime in the summer of 1978.

The conversat ion indicated that currently there is no

DOD pol icy , but the deficiency has been identified and is in

the process of being corrected. The direction this policy

takes will have a major impact on the military and the nation

as a whole . Since no policy has been established by top

mana gement in the DOD , the next source to look at is the lower

levels to determine if a policy has in fact been established

at the “w o r k i n g l eve l  .
“

THE U .S. ARMY: The Army has listed several steps

5 5- 5- -- 5 . 5~~~
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wh ich is the basis of its p olicy. The following list of goa l s

for the A rmy was published in the spring of 1978 in the “ M i l-

itary Eng ineer ” M agazine.

1. Reduce annual growth in energy use to less than two
•:ercent.

r 2. Reduce gasoline consum pt ion~ by ten percent .

3 . Reduce oil imports from 16 mil l i o n  barre l5 per day
to S mi l l i o n  barrels per day.

4. Create a strategic petroleum reserve of one bi l l i o n
barre l  s.

5. Require insulation in all new houses and upgrade
n inety percent of exi sting ones to minimum standards.

6. Install solar energy in 2.5 million homes.

7. Reduce ener gy consumption per square foot in existing
bu i l d i n g s  by twenty percent and in new federal buildings
by forty-f ive percent (using 1975 as a base year).

8. Conserve energy whi le maintaining military rea diness.

9. Maintain zero growth ba sed on FY 1975 total energy
use.

10. Ma intain liaison with
1
other authorities an d agencies

in new ~nur ce development.

It is worth noting that the first seven steps of this

po l i cy  is taken f rom the fe dera l  goa l s  s t a ted  by th~ Car te r

Administration , and the last three are the Army ’s addition to

those goa l s .

NA 1O AND OTHER COUNTRIES: In January 1975 , the NATO

Defense Research group met to discuss lon g-term scientific

studies on military fuels. This demonstrates the multi-

national concern for the effect the dwindling fuel supply is

having on defense. The summary of their findings are as fol-

lows: 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5- . 
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It seems almost certain that future fuel s for m i l i t a r y
vehicles will be liquids. In the modern term , they wil l
tend towards wide -cu t natural hydrocarb ons , then synthet ic
hydrocarbons or hydrogen /alcohol. Lower octane and celane
values may result. The fuel tolerance of both convention-
al diesel and spark i gnition engine s is limited , and past
efforts to give a true multi - fuel capacity to the conven-
tional diesel have met with mixed success. To give a
wider capability , the stratified charge engine (SCE) is
considered the strongest contender in the modern term for
power s up to at least (classified). In the longer term ,
the sterling engine , with its higher efficiency may find
a place in vehicles up to (classified), but its initial
cost will slow down its rate of accept ance... .Because of
its wide fuel tolerance , the gas turbine must remain a
strong contender for the highest powered military vehicles.
Failing this , the stratified charge engine , in con junction
with a boost engine , deserves consideration. There may
be a case for battery propelled vehicles for short jour-
nies such as local camp transport.. .The consumption of
petroleum -based fuels at militar y facilities for heating
and utilities constitute a significant portion of the
total energy demand relative to ground requirements . Al-
though hydrogen does not possess the desired characteris-
tics for use on vehicles , fixed facilities present a vi -

ble alternative for the future application of hydrogen.

This report also recommended a multi -national and inter-service

agreement be reached on fuel specifications and requirements.

In other countries , government concern for this area

is evidenced by their commitment to develop a viable alterna-

tive to petroleum -based fuels. Sweden , though not directly

involved in the embargo of 1973-74 , became deeply concerned

and aware of the limited supplies which seem certain in the

future . The Swedish supply situation is even more sensitive

since they have no domestic oil , c ’i a l , or natural gas re-

sources. The government of Sweden has concluded that it must

establish production of synthetic fuel such as methane , which ,

in time of crisis , can use domestic raw materials such as

wood chips , peat and other organic material. The Swedish

~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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governm ent and AB Volvo established a joint technological de-

velopment company to inv estigate methanol as a fuel , both in

mixtures wi th petroleum and in pure form) Brazil is already

using mixtures of petroleum and methane for all domestic t,0~~.-

portation. These countries have gone beyond the policy step

and are now implementing their po licies to insure the indus-

trial base to supply fuel not only to their defense establish-

ment , but also to its civilian popul ation.

Work has now begun in countries throughout the world

to develop other alternative fuels such as hydrogen. Although

no figures were found to indi cate the magnitude of the effort ,

Australia , Brazil , Canada , England , France , Japan , West

Germany and the USSR are all working on application of hydro-

gen as a possible alternat ive fuel.

EVALUATION OF THE POLICY: A review of the literature

and interviews with policy makers and the agencies responsible

for implementing policy, confirmed the author ’ s assumption

that there is no formal alternative energy policy in the De-

partment of Defense. There is R&D effort in the area of al-

ternative fuels, but without a policy, this work lacks the

direction necessary to sol ve technological problems.

With this in mind , a review of our present R&D efforts

might shed additional light on what direction our DOD policy

might take in the future. Questions which must be addressed ,

now , can only be answered through a centralized policy and

R&D effort. Examples are:
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Can the XM l turbine be converted to hydrogen , methanol

• or other possible fuels?

What power plant should the Army purchase to power the ‘

Infantry Fighting Vehicle?

These are only two examples , but they point out the necessity

of a central DOD policy. 

:• . . •. ,
• .
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CH A P T E R  4

R E V I E W  O F  C U R R E N T  A L T E R N A T E  E N E R G Y  T E C H N O L O G Y

• It is critical for our national survival that we , as

a nation , develop some alternative fuel to replace the dwin-

dling petroleum prod ucts upon whi ch we are so dependent.

This being the case , a review of the current technology must

be undertaken. Though each of the sources reviewed has its

own potential to make contributi ons to the overall energy

solution , this chapter will be focused on additional R&D

requirements needed to enhance these contributions.

Coal

COAL AVAILABILITY: Even though coal is a finite fuel ,

it is important because it could have a very significant

impact on the fuel available on the future battlefield. Coal

makes up a ma jo r i t y  of our f oss i l  fuel rese rves .  The total

coal  resources  in the Uni ted States are es t imated  to be 3.2

trillion tons. This is 850 times the total U. S. energy

requirements for 1970.1 Besides being a source to reduce

c i v i l i a n  consumpt ion  of pe t r o l eum-based  fue ls , it has many

other technologically feasible uses. Two of the most prom-

ising are l iquification and gasification.

GASIFICATION: The gasification process changes the

so l i d  s ta te  of coal  to three g a s e s :  carbon monoxide ( C O ) ,

methane (CH 4 ), and hydrogen (H 2 ) .  Methane , t h e  p r i m a r y

24
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component of natural gas is similar to natural gas in heating

va lue .  Carbon monox ide and hydrogen are app rox ima te l y  equal

in heating values to meth ane and natural gas. 2 Severa l  sys-

tems have been prototyped and the results of these indicate

that g asification could result in an economical and techno —

• logical ly-feasible alternate fuel in the near future .

LIQUIF .ICATION: The l iquification process extracts a

synthetic hydrocarbon fuel using a solvent extraction process.

Thi s process was used by the Germans during the 1940’s to

keep their war machine moving after convention al fuel sup-

plies were destroyed. This process is a reality today and a

small plant is now produc ing 15 ,000 barrels of solvent per

day . The main pr oblem with both the liquification and gasi-

fication process is the overall efficiency. (See Table 2)~

Table 2

A Summary of Overall Coal Process Efficiencies

Process Efficiencies (%)

Liq ui fi cat ion 62 to 69
• Low BTU Gasification 65 to 95

High BTU Gasification 54 to 68

TECHNOLOGICAL RE QUIREMENTS: Even though there are

major ecological problems in the recovery and pr ocessing

that must be considered , the major concern is the character-

istic of the fuel gained through the various types of process-

ing. The fuel that is obtained from this process varies

~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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according to the process used . Therefore , use of this source

of energy will require a de cision on what process will be

used.  S u b s e q u e n t l y ,  s t a n d a r d i z a t i o n  of the engines that  w i l l

turn th is fuel can then be addressed.

Coal is extremely plentiful when compared to petro-

leum. I t  w i l l  s o l v e  a por t ion of the Un ited  S ta tes  shor tage
problem s. Several R&D problem s must be overcome before the

fuel devel oped from coal can be used as either a transporta -

tion fuel or a combat fuel for the weapon systems of the

future.

Oil Shale

OIL SHALE AVAILABILITY: Oil shales located in the

western United States are a potential source of vast quanti-

ties of liquid fuel. Alth ough efforts in the past to develop

oil shale technology have failed , the current status of econ-

omics and technology lea ds to more optimism for the future .

Like coal , oil shale can produce several by-products after

processing . Estimates of the United States reserves from

this source is put at 600 billion barrels of oil. In this

estimate , only shale ten feet thick and yielding at least

25 gallons of oil per ton was considered. 4

TECHNOLOGICAL  RE Q UIREMENTS:  The major problem in

the production of oil from shale is the adverse environmental

e f f ec t  d i rec t l y  a s s o c i a t e d  w i t h  oil sha le  p r o c e s s i n g .  These

adverse effects are burned shale t railings , contaminated

w a t e r , and gaseous a tmospher ic  po l l u t ion .  A maj or R&D

L - — -, - ~~~~~— - • —  ~~~~~~~~~ - •~~~~~~~~~~~~• .• - - ---~~~~~~~~
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effort is required to solve these environmental problems to

make th is  source of energy accep tab le  to the eco logy-minded

pub l i c .  If the ecological problems are solved, then the

refining and extraction process must be decided on , so

engine m o d i f i c a t i o n s  and des ign  d e s c r i b e d  under the use of

l i q u i f i e d  coal  can be comp leted to permit use of the new

fuel.

Table 3

Sha le -o i l  Depos i t  in the Green R iver  Format ion * S

Billions of barrels
of oil in p lace

Colorado Utah Wyoming Total

in terva l  10’ th i ck  averag-
ing 25 ga l .  per ton of oil 480 90 30 600

In te r va l s  10’ or more th ick
averag ing  10-25 ga l .  per ton 800 230 400 1,430

Total: Interval 10’ or more
th ick averag ing  over 10 ga l .
per  ton  1,280 320 430 2 ,030

Even though oil shale represents a significant con-

tribution to alleviate future shortages, much more research

must be accomp l i shed  before it will have any major impact.

Government  s t imu la t i on  is needed to encourage research nec-

essary to develop this source of energy. Industry does not

*Note : Over 2 trillion barrel s of oil are locked in
known shale-oil deposits in the Green River Formation , but
less  than one- th i rd  of th is is in reasonab ly  th ick depos i t s
wh ich  average more than 25 ga l .  of oil per ton of sha le ;  only
these are genera l ly  regarded as po ten t i a l l y  e x p l o i t a b l e .
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seem willing to invest ifs capital until some guaranteed

market is available. These problems must be addressed and

solved if fuel from oil shale is to be a reality .

Hy~drogen

HYDROGEN AVAILABILITY: As early as 1972 as many as

2000 automobiles were powered by gaseous fuels. 6 The most

common gaseous fuel is natural gas. However, since 1975 a

shortage of natural gas has developed , making it unacceptable

to plan on the use of natural gas for transpo rtation as an

alternate fuel.

Hydrogen gas is the most plentiful of all combustibles ,

which makes it the most logical candidate for future use. In

the past , hydrogen has been produced from natural gas. This

source is being depleted , which means the future source will

require electroly sis or some other process yet to be developed

by our technology . Some researchers feel that hydrogen will I :

be competitive with gasoline and diesel fuel by the early

1980’s.7 Most proposals for a so-called “hydrogen economy ”

emphasize its superiority to electricity for many large -scale

energy applications such as transportation , space heating ,

and heavy industry .8

The Institute of Gas Technology has estimated that

60 trillion cubic feet of hydrogen would provide the energy

equivalent of the United States natural gas consumption in

1968. The e l e c t r o l y s i s  product ion  of that amount of gas at

current  e f f i c i e n c i e s  wou ld  require more than one m i l l i on

___ ::IT:11I~ IITI~ 
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present U. S. capacity . Replacing fossil fuels with hydrogen

for all uses except electricity gene ration , would require

295 trillion cubic feet by the year 2O0O.~
Hydrogen , with its almost unlimited supply potential

and its extraordinarily cle an combustion properties , could

emerge as an opera tionally practical , econom ,ically feasible

energy source. It has been shown that hydrogen can be econ-

omically produced in quanti ties great enough to power the

automobiles of the world for the foreseeable future .’° More

importantly, it can be used in existing internal combustion

engines, yielding unprecedented efficiencies and extremely

low levels of exhaust pollution . 11

The major problem with hydr ogen , and the reason it

isn ’t in widespre ad use , is its storage requirements. Tech-

nology has yet to develop an inexpensive , compact , light-

weight method of storing hydrogen.

HYDRO GEN AS A TRANSPORTATION FUEL: The DOD’ s main

interest in hydroge ti would be for ground vehicles , aircraft ,

and fuel cells. DOD and the military services have histor-

• 
- 

ically made use of commercially available fuels. This would

restrict the use of hydrogen until it is developed and used

in commercial quantities in the civilian community .

When looking at hydrogen as a fuel for ground combat

v e h i c l e s , T a b l e  4 (Ground Vehicle Fuels) shows that hydrogen

offers several desirable properties as a fuel.

Hydrogen burns efficiently, allowing combustion in

cham bers with high surface-to-volume ratios. It can be

-- , -~~~~~~~~~
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derived from water; though not always available , it is one of

the most abundant resources available world-wide. The pro-

ducts of its combustion are water and nitros oxide . Contrary

to popular opinion , it has good safety properties. It is non-

toxic , non-corrosive , and , if accidently released , it disper-

ses quickly into the air.

Table 4

Ground Vehicle Fuels ’2

Property Civilian  Concerns Military Concerns

BTU voi Low High

BTU Wt High High

Cost High Low

Emissions High Low

Safety Low High

World Availability Low High

Fire safety and foreign availabi lity are two of the

most important prop erties for combat fuels that differentiate

hydrogen from convent ional fuel used by commercial sector.

The ratings given each of the properties are argumentative

and only represent a starting p oint , since hydrogen has not

been formally tested as a combat fuel by the Army .

HYDROGEN STORAGE: Hyd rides are compositions that

hold hydrogen until heated . Hydrides ’ major disadvantage is
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weight. A vehicle would require a fuel tank twice as long

and five times as heavy to carry the fuel necessary to travel

the same number of miles. Fig ure 4, (M-60 Tank as Modified

for Various alternate Fuel s), demonstrates the increase in

size and weight for each alternate fuel. The impact that

increased fuel volume will have is reflected in the vehicle ’ s

overall size and we ight. One of the major argum en t~ against

the use of hy drogen is that the added weight would cause the

weight of a tank to exceed the existing bridge load limita-

tions. Interestingly, this excess weight /bridge load limit

pre vented the United States Department of Army from buying

the Christy Tank in the early 1930’ s. This resulted in the

U. S. being far behind in tank design at the beginning of

WW II. The greater length could also reduce the vehicle ’ s

maneuverability. As a res ult of these disadvantages , the DOD

has concluded that:

1. Hydrocarbons represent the best chemical system to
store and utilize hydrogen as a fuel for military ground
vehicles.

2. Additional R&D is justified on methods to synthesize
hydrogen into desirable hydrocarbons.

3. The source of carbon is a major limiting factor in
the synthesis of hydrocarbon from hydrogen.

4. R&D is therefore needed not only on synthesis me thods ,
but also on methods by which carbon can be made available
in desirable form from existing abunda r~ sources such as
air , ocean water , vegetation and coa l. ’~

RESEARCH REQUIREMENTS: Since the main objection to

the use of hydrogen as an alternate fuel seems to be centered

on storage problems , a look at what research is being done

~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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to overcome these d isadvantages would be in order. There has

been resea rch into this area by private industry , an d s ome

progre ss has been made.

Table 5 (Hydrogen—Based Fuels Comparisons) shows the

relative p roperties of the comparative heating values , fir t~
safety , and foreign availability .

Table 5

Hydrogen -Base d Fuels Comparison 14

Type of fuel BTU /Lb BTU/Ft 3 Safety Availability

Hydrogen Gas @2000PSI 51.6 35 Poor Good

Hydrogen Liquid at NBP 51.6 230 Poor Good

Hydrides
Magnisium-nicke l 4.4 480 ? ?

Nitrogen 8.0 385 Fair Good

Heptyl 19.2 821 Fair ?

Methanol 19.2 429 Fair Good

Kerosene -T ypical ,.~~19.2 ‘~...1O0O Good Good

In the 1960’ s researchers at Brookhaven National

Laboratories sugges ted the use of metallic hydrides for hydro-

gen storage .~
5 Since that initial study , many companies are

experimenting w ith hydrogen powered vehicles. Table 6 (Cur-

rent U .S. Hydrogen Vehi cles Research) demonstrates the inter-

est in this field .

Various studies have been conducted and are still in

the process of refining va rious techniques of storing hydrogen

t - -—-. . .
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aboard vehicles. Initi ally the emphasis was on storage in

high-pressure gas cylind ers. However, hydrogen is very dif-

ficult to compress; and because of its low viscosity , it

leaks through convention al compressor seals. Also , hydride

hydrogen storage has the weight disadva ntages listed earlier

in this chapter .

Table 616

Current U.S . Hydrogen Vehicles Research

Engines Vehicles

Ril l ings Energy Research Corporation 18 6

Brookhaven Nat iona l  Labora to ry  1

University of California at Los Angeles 7 2

Cornell University 2

University of Florid a 1

General Mot ors Research Laboratories 3 1*

International Ecolog ical Systems Corporation 1 1

University of Illinois 1

Jet Propulsion Labor atories 4 1*

Los Alamos Scientific Labora tory 1 1

Matin-Marietta Corporation 1

University of Miami 2 1

Oklahoma State University 4

Perris Smogless Automobile Association 3 2

Totals 49 15

*Hydrogen addition to gasoline

_ _ _ _ _ _ _ _ _ _ _ _
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The final method of storing hydrogen is in l i q u i d

form. In the f i r s t  a n a l y s i s , cost  seems to be an i nh i b i t i ng

factor. Presently liquid hydrogen costs two to three times

as much as gaseous hydrogen. Hydrogen l iquificati on re quires

extremely low temperatures of -400’ (33 ’K ) .  In addition to

the expensive initial investment for cryogenic (super -insula-

ted) containers that are required to store li quid hydrogen at

these remarkably low temperatures , the problem of “Flash-off”

and “Boil -o ff” must be considered. When a hydrogen vessel is

initially filled with hydrogen , a large volume of the gas is

“flashed -off ” during a process in which the inner part of the

tank is cooled to the very temperature of liquid hydrogen.

Later , after the tank has been charged , heat leaks through

the “ super insulation ,” “boiling off” hydrogen at a rate

which is reflected by the quality , and hence , the cost of the

container. Although this problem can be overcome when using

hydrogen as an aircraft fuel , the prospects of using cryo-

genic hydrogen storage for on-the—ground vehicular transpor-

tation presently does not hold great promise. 17

HYDROGEN AS AN AIRC RAFT FUEL: Hydrogen is the light —

- . est chemical fuel known to man. Consequently, in its liquid

form it appears to have good potential as an aircraf t fuel.

Table 7 compares the total weight of three aircraft using

conventional JP fuel and liquid hydrogen.

Liquid hydrogen suffers some disadvantages in the

area of compactness. Figures 5 and 6 graphically illustrate

the magnitude of the storage p roblem and methods which may
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1-igure 5

~~d-~~g,en_~on~~ ration idth Fuel Storage in Fuselag~ 
16

Perfo~~ance Data-368 Passengers

CWE ‘408 ,932 Fuselage Length 270.06 ft.
:~ y~oad 77,000 Fuselage Depth 25.75 ft.Fuel 1O7,~ 00 Fuselage Width 24.00 ft.
TOCW 592,932 Wing Span 165.80 ft.
~a~~ e 4,978 Thrust/Weight .28Mach No. .82 Thrust ‘40,900 LbsjEng.

Ener~ r Req~d 2,654 BTU/Pass Mi.

~~~~.1
’
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F~ gure 6

~~~ ~L P 2 ’  ~~~~~~~ ~~~~~~~~~~~~ s~:s in

N~ re17 Lnd W i-  - Pan~ ls 9

Pe rf ormance Data-3&8 Pa~ san c-ers

GWE 392,439 lbs Fus€~ age T ( igt h 227.70 ft.
Ta load 77,000 lbs. Fuse] age :~~pth 22.30 ft.Fuel 115,055 Th~.- . Fuselage Width 21.~ ~ ft.TOGW 584,494 lbs. Wing Span 1(6,~~ ft.Range 4,992 n.m . Thrmst/wei ght •Macn No. .82 Thrust 45, 0c’~ - bs ‘Lng.

~~~~~ Req’d 2,72~ BTU/rass Ni. 
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be employed for c o n t a i n i n g  the bu lky  fue l .  Th is  is accom-

p l i shed  by p l a c i n g  fuel s t o rage  in the upper par t  of the fuse-

lage , (see Fig. 5) while placing the passenger compartment

down into the area that is used for baggage in today ’ s air-

c ra f t .  Another  a l te rna te  appr oach is the use of w i n g - t i p

tanks (Fig. 6) for necess ary extra storage space. One

obvious advantage in this approach is that the fuel tanks are

further removed from the passenger compartment.

Table 720

A Comparison of JP  Fuel Airplanes and Liquid Hydr ogen

Boeing (i) Lockheed (2) Convair (3)

Payload /lbs. 123,000 56,000 40, 000

Range/miles 5 ,000 3,400 3,000

Mach number .86 .82 .80

JP  LH 2 J P LH 2 JP  LH 2
Take-off wt . 775 ,000 574,000 430 ,000 318 ,000 285 ,740 201, 000

Fuel/lbs. 268 ,000 90 ,500 137,000 46,650 88,775 26,500

Wingspan/ft. 195 195 155 140 139 116.5
+tip tanks

HYDROGEN COSTS: When considering the cost of hydro-

gen in comparison with other fuels , hydrogen costs seem to be

narrowing the gap. Presumably, as natural gas and petroleum

supplies dwindle, our energy needs will be su pplied largely

from our immense coal and oil shale reserves. A recent study

by In du s t r i al Gas Technology ( I G T )  conc ludes  that c o a l —

L.  -~~~- 5--- - - - - — — -- --- ~~~~~~~- 
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generated hyd rogen is the most attractive near -te rm alterna -

tive to n atural gas reformation and electrolysis. Other

means such as th ermochemica l  wa te r  s p l i t t i n g , photodeco m pos i-

t ion  of wa te r  and b iochemica l  hydrogen product ion have not

yet been developed to a point of being practical. 21 The U .S.

has no operating coal gasification plants now producing

hydrogen on a commercial  s c a l e .  The cost of hydrogen in this

form must be estimat ed. Estimates by experts in the field of

hydrogen (Industrial Gas Technology , Fyring Research Insti-

tute , Erron and Kippers) completed in Janua ry 1977 , place the

cost of hydrogen roughly at $4.63± 25% b a s e d  on W e s t e r n  c o a l ,

priced at $15/ton , and a plant that processe s at least 2 ,000

tons of coal per day . Western plants currently under con-

sideration are at least 10 time s larger. The Billings Energy

Corporation average d several estimates and believe the cost

to be c lose r  to $3~ 37~ 22 W i t h  the pr ice  of other  fue ls

rising at astronomical rates throughout the United States ,

the January 1977 estimates vary from a low of $1.21 in Utah

to as much as $4 .85  in New Y o r k .  Other cost  fac to rs  es t imated

are : Synthetic ga soline produced from coal is going to be

1.5 times v1ore expen sive than gasoline produced from petro-

leum. Methanol wi ll be more expensive than synthetic gasoline

but less expen sive than ammonia derived from coal. It seems

unlikely that amm onia will find use as a transportat ion fuel

because of Its high cost. Both hydrogen and methanol gases

costs are higher than today ’ s foss i l fu e l s .  Howeve r , they

are comparable to, or less than electricity prices in most

_ _  
I
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parts of the United States when the cost of end-point d cl iv -

ery i s considered. For example , the electrolysis of hydrogen

(hydrogen produced by electrolysis) is priced from $4.50 to

-
~ 

- 
$4.80/million BTU and could be delivered u sing existing natu-

ral gas systems at a price in the $5.00 to $9 .00/million BTU

range , while the current residential sale price for electric-

ity is $10.56/million BTU average across the country .23

RESEARCH REQUIREMENTS: There are many questions and

gaps in technol ogy that must be addressed before hydrogen

becomes a viable fuel to power combat vehicles. There are

indications that this source of energy may become a fuel

alternative in the future.

N u clear Energy

NUCLEAR ENERGY AV fkI LAB IL ITY: Present military use of

nuclear energy is mainly for weapons although the civilian

use of this energy source releases more petroleum fuel for

military use. The military also has nuclear power generators

that are used to generate electrical power. Review of the

Atomic Energy Commission Handbook indicates that the major

use of nuclear energy in the near future will be in the pro-

duction of electri city. One of the more serious pr oblems

• with this energy source is its dependence on nuclear fuel

U-235 , PU— 239 , and U-233. These elements are by— products of

uranium ore . It takes a ton of uranium-bearing ore to pro—

duce 0 .03 pounds of U-235. 24 Because of the tremendous

quantity of ore required to retrieve the elements necessary 

~~~~~--—-- ----- 
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to fuel reactors , it is estimated that our u ranium reserves

w i l l  be exhaus ted  ear l y  in the 21st Cent ury . Table 8 r e f l e c t s

the estimates this reduction of availab ility will have on the

supply-demand -co st cycle.

Table 825

U
3
O
8 

Needed for Projected Reactor Capacity

Date AEC Projected Nuclear Tons of U208 (*)
Capacity(MWE) Needed per Year $8 $10 $15

1974 28,183 5 ,367 49 60 92

1980 102 ,000 20 ,400 13.5 16.5 25.5

1985 250 ,000 50 ,000 5.5 6.8 10.4

*Numbe r of years of proven reserves will last at the
given nu clear capacity at various costs to recover uranium
ore.

To overcome this projected shortage of nuclear fuel ,

the reprocessing of atomic fuel is being considered. Present-

ly, because of technological and p olitical problems , none of

the three reprocessing pl ants now being constructed are

scheduled to go into pr oduction. Once the political and

ecological considera tions are solved , these plants will be

able to satisfy repr ocessing needs of  all fissionable mater-

i a l s  w e l l  in to the 1980 ’ s .  Ano ther  so lu t i on  is the L iqu id

Metal  Fast  Breeder Reac to r  (LMFBR) .

THE LI QU ID METAL FAST BREEDER REACTOR: The LMFBR

energy resource depends on the total uranium resource base.

The main difference is that the Light Water Reactors (LWR)
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systems use U-235 isotope . This isotope occurs only 0.71

percent of  the time in naturally occurri n g urani um ore. Since

the LMFBR utilizes the U-238 isotope which comprises the re-

- 
ma i ning 99.29 percent of n aturally occurring uranium , it

• utilizes a total energy resource base many times larger than

-
. 

the U-235 isotope used in the LWR energy base.

The LMFBR system will require initial plutonium inven-

tories to operate until gener ated plutonium supplies are

sufficient to supply needed fuel. This initial plutonium

must come from the LWR sys tems .  Thus , plutonium sufficien cy

w i l l  be met by the excess qu antities produced in the LWR

economy . 26

Figure 7 is a projection of plutoni um availabilities

and requirements.

Figure 7

Plutonium Availability and Req uirements 27

2000

1500 ~- PU Available

1000 - PU Required • 
‘

500 PU Surplus -\ ~-- -
0 

~
1970 1980 1990 2000

The LMFB R inventory  requ i rements  do not exceed  the

p lu t on ium a v a i l a b l e  from LWR ’ s unt i l  the year 2000 , at wh i ch

t ime e x c e s s  p lu ton ium from LMFBR ’ s w i l l  p rov ide  the fuel 
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inventory - necessary fot - new plants. This source of energy

could reduce the dependen ce of the civilian economy on

petroleum and natura l gas . It could also provide the energy

necessary to create cheap hydr ogen from electrolysis , to

gene rate  the heat n e c e s s a r y  for coal gasification and liquifi-

cation , or in supplying energy necessa ry to process shale

oil.

Solar Energy

The energy from solar sources will be di vided into

four categories: radiati on , wind , organic fuels , and ocean

thermal gradients. Each of these has its own unique charac-

teristics and potential as a source of new energy.

RADIATION: The sun produces roughly 18,000 times as

much energy through radi ation as all the man-made devices

currently in use throughout the world. 28 This energy can be

used to heat an object di rectly or transfer heat to an ulti-

mate receiver. It can also be used through photovoltaic

ce l l s  in the conve rs i on  of rad ia t ion  energy d i r e c t l y  to elec-

t r ica l  power .  By use of v a r ious  pa rabo l i c  r e f l ec to r s  and

concen trating solar radi ation energy to a focal point , tem-

peratures of 5000°F may be attained. Use of this technology

to convert water to steam to drive turbines and generate

electricity is technical ly feasible.

The major difficulties in the conversion of radiation

energy is the relatively low density of the sun ’ s radiation

found at the earth’ s surface. Other problems with this 

-55—
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source of energy are the conversion efficien cies and the inter-

mittent nature of sunlight due to the earth’ s rotation and

weather patterns. To overcome the problems of low density

radiation conversion efficiencies , large collectors covering

• many square miles are required. This requirement for large

tracts of land and the corresponding high capital investment

is currently pre venting this source of energy from becoming

economically feasible. The proble m of the intermittency of

solar radiation must al so be solved. One solution is to pro-

vide a means of storing solar heat for subsequent use during

the time no solar rad iation is emitted.

Many projects are underw ay in the area of solar heat

storage in the civili an sector. One which is showing some

promise is the use of photo chemicals to store heat that is

released at a later time using a catalyst. A major techno-

logical breakthrough is needed in th is area before solar

radiation could become a maj or contributor to the United State s

energy needs.

PHOTOVOLTA IC CELLS: Photovoltaic cells convert solar

radiation directly to electrical current. This is one source

- of power already developed and having an impact on the econ-

omy and the defense est ablishment. Photovoltaic cells power

satellites for reconnaissance and communicati ons. The cost

is beyond what can now be borne by the general public. This

form of energy is a l s o  l im i ted  by the inte rmittency of the

sun. To avoid the loss of radiation due to atmospheric

- 5 — - --p A
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attenuation and nighttime outages, proposals have been made

to place large arrays of solar cell s in near-equatorial syn-

chronous orbit , where the sun would shine on them 100 percent

of the tim e .29 The power obtained from the array would then

be converted to micr owave , beamed to receivers on the surface

of the earth , and converted back to electrical power. This

concept would require 32 square kilometers of solar cells in

space at each of the stati ons and an area of 55 square kilo-

meters for each ground receiving station. The output of

these stations is estimated to be 10 ,000Mwe. This source of

power, though theoretically feasible , lacks the resolution of

many technological and economic problems associated with this

source  of energy.

W I N D :  Wind could supply 5.1 x 100 15 BTU’ s by the

year 2000 ( N S F / N A S A  Solar Energy Panel 1972:50). That is

close to the total electrical demands in the United States in

1972. 30 The components of a w ind -power  genera t ing  sys tem

have r e l a t i ve l y  modest  t e c h n o l o g i c a l  requ i rements  by today ’ s

standards. The major problem with this source of energy is

the intermittent nature of the wind.

O R G A N I C  F U E L :  Solar energy also makes possible org-

anic tissue ‘~ihich will generate approximately 7 ,500 BTU’ s

when burned. A ton of dry biomass can produce 1.25 barrel s

of oil , 1,200 cubic feet of mediu m BTU gas, and 750 pounds

of s b l id  res idue  w i t h  a heat con ten t  roughly equal  to c o a l .

By adj us t i ng  the p rocess  tempera ture  and p ressures , the rela-

tive amounts of solid , liquid , and gas generated can be
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varied to meet the end -use specifications. Although the

growing of plants for conver sion to other energy sources is

attractive , it is relatively ine fficient. The solar conver-

sion efficiency of photosynthetic process is seldom over one

percent per year. This equates to a requirement for more

land to produce the same energy output when compared to other

solar power sources. Based on 10 to 20 tons of biomass per

acre per year , the land required for a 100 megawatt organic

f i r e -powered  p lant  w ou ld  be somewhere be tween 25 and 50 square

miles.

The development of algae as an energy biomass has als o

r ece i ved  some a t t e n t i o n .  High productiv ity has been demon-

strated under controlled condition s , but harvesting and dewa —

tering represent major obst acles. 31 Reprocess ing  of mun ic ipa l

refuse , manure , agriculture waste , logging wastes , and waste

manufacturing residue , sewage sludge , and some categories of

industrial waste could be combined with biomass plants to

generate alternate fuels. Today the use of land to produce

and convert biomass crops to power , cost between $.8O and

$1.20 per million BTU’ s; coal is $.79; domestic oil $.87; and

- • industrial gas $.43. The crop value per acre would be some-

where between $180 and $300 which is comp arable to the dollar

yield from wheat acreage in the Midwest .32 This source of

energy could provide part of the solution to our problem of

dwindling fossil fuels.

OCEAN TH ER MAL G R A D I E N T S : T he l as t s o u r c e o f so l ar

energy is the ocean and its various thermal gradients. The
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amount of continuous energy available from ocean thermal gra-

dient s is many times more than that consumed throughout the

world today. The basic theory is: because surface and depth

temperatures in the area of the Tropic of Cancer and the Tro-

pic of Capricorn varies from 77° on the surface to 41
0 

at a

depth of 3 ,280 feet , using a medium that boils at 68 you can

ge nerate  vapor  to power  tu rb ines  for e l e c t r i c i t y  and then

condense the vapor to its origin al liquid state by using heat

exchangers in the cool , deep ocean water. There are numerous

technological developments that would be required before this

source of power becomes available. Pumps , turbines , and duct —

ing, designed to res ist corrosion of salt water , are all in

need of development. An other problem is the transmission of

power generated hundred s of n iles from land. Ecological con-

siderations such as effects on marine life by changing the

temperature of the water by the use of heat exchangers also

require study .

SUMMARY: Solar energy has unlimited potential once

the problems mentioned are solved. The main use of solar

power looks to be one of supplementing civil ian electrical

heating needs, thus freeing petroleum products for use by the —

-

- 
military . Having looked at the status of current alternate

fuel techno logy ,  t h e  next chapter will review current DOD

efforts in the area of alternate fuel research.

_ _  - - 
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II CHAPTER 5

CURRENT DO D ALTERNATIVE FUEL RESEARCH EFFORTS

AVAILABILITY OF FUELS: The emphasis of DOD research

and development programs has been oriented toward the avail-

ability of combat fuels at various locations throughout the

world. The application of this effort has been to describe

fuel properties that give the best compromise between per-

formance , cost , and availability. A review of past R&D

efforts in this area indicates that the compromise has been

made in favor of performan ce. Recently a new emphasis has

been stressed in the area of availability . This approach

stresses excellent performance and low cost during periods of

adequate fuel availability. As fuels become scarce , a new

compromise will have to be rea ched. The choice is either one

of immobility , or finding some alternate fuel , since conven-

tional fuels will be unavailable.

The Fuels Lab is cataloging fuels and developing meth-

ods by which non-technical field personnel can utilize fuels

that deviate from designed specifications of the engine fuel.

This effort will also give field personnel an idea of the

expected performance of various emergency fuels.

The Army R&D approach on emergency fuels is based on

the premise that it will take a long lead tine to secure sup-

plies of conventional fuels. Because of thi s lead time , ten

or more yea rs ,  emergen cy fuels are considered existing

51 
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products that can be made immediately fvai l able when needed.

They do not presently include alternate energ y sources such

as solar energy , oil shale or sand tar. Fuels that do quali-

fy under this definition are crude oils , residuals, dist i llate s

and other fuels that are stored or are in transit around the

world. Thus , the main thrust is to identify and adapt these

fuels for emergency use.

DOD POSITION: Since all the R&D efforts mentioned

I thus far are basically stop -gap solutions , it is obvious that

some permanent solution is needed. The DOD position is that

despite the growing scarcity , long -range power plants will

favor the use of conventi onal fuels on the assumption that

methods will be developed to produce supplemental amounts of

good quality fuels at or near the site of combat.

ARMY POSITION: In 1975 the DOD and the Army initiated

a very limited program. The following list identifies where

the initial effort was made.

1. An evaluation was initiated to det ermine the poten-
tial quality of liquid fuels from vari ous coal liquifi-
cation methods.

2. Examined the potential quality of substitute fuels
• produced from mobil e crude refining methods.

3. Conducted turbine combustor studies on hydr ocarbon
fractions which are considered representative of future
synthetic fuels.

4. Developed models of power plants and fuel systems
when using hydrogen in gaseous liquid and solid (hydride)
s ta tes .

5. Determine the maximum potential of hydro cjen release
and recharge from various hydride compositions. 1

-J



-
~~~ 

-
~~ -.- - 

--5--

53

The direction now being pursued by the Army Fuels

Laboratory is to identify and test fuels that can be used in

combat vehicles and tactical equipment without any degrada-

tion in performance , range , safety, or engine reliability .

• This appro ach requires a detailed analysis of each of the

engines now operating in the U .S. Army inventory . Military

engines have not been designed to operate on a multi-fuel

specificati on basis. Each engine has its own fuel. As a re-

sult , the position taken in the Army is that the major effort

should be on conventional fuels. Specifi c objectives would

be to develop fuel specifications , onboard engine devices ,

and additives such as alcohol blends to increase conservation.

A t A FLRL , work is now directed at additives which will

g ive  grea ter  mi les  to the tank of fuel for combat vehicles.

These additives are designed for conventional convenient pe-

t r o le u m-based  fue ls . 2

FOREIGN RESEARCH: Some research is being conducted

on the production of hydrogen. The primary area being addressed

is the development of a thermochemical process using nuclear

fission to pr oduce the heat necessary in the process. The R&D

in this area requires parallel deve lopment of high -temperature

nuclear react ors. West Germany seems to be the leader in this

field.

The USSR is doing extensive research in the area of

-
- hydrogen produ ction and its use as an alternative fuel. In a

~~~ paper publi shed In 1977 , a Soviet scientist , A. F. Sh ek lein

o b s e r v e s :  

- - - -. -5--- - - - -— — -  
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According to estimates , the demand for generate d pow-
er in the USA at the end of the century will be 2 million
MW , requiring the construction and placing into service
of more than 1500 new e l e c t r i c  power p lan ts  w i t h  a ca pac-
ity of 1000MW. If these plants were located a certain
d i s t a n c e  away from the ocean , which would reduce their
influence on the environment , thus on the average they
would be situated 5km apart over the entire coast of the
USA , including Alaska and Hawaii. Thus , just by the year
2000, it would evidently be impossible to solve the prob-
lem of supplying energy by conventional methods , even if
we neglect the size of fuel reserves. 3

It is interesting to note at this point , that the

USSR has a large staff working on applications of hydro gen to

meet their energy needs even though recent estimates indicate

they have three times our fossil fuel reserves. As stated

earlier , many countries are interested in hydrogen as a fuel;

but the world —wi de research effort on hydrogen energy is

uncoordinated and dispersed , both in the nature of the work

and in objectives.

Experts in the field of hydrogen production are con-

vinced that technology will reduce cost and advance efficiency

to a point where hydrogen ‘-i i ll become economically feasible.

The Russian scientist , Shk le jn , feels that the technology for

solar produced hydrogen is possible in the not -too -distant

future. 4 Work in the area of photo -chemical and biological

e x t r a c t i o n  of hydrogen from wate r  is a l s o  beg inn ing to show

pr omise even though they are in the early stages of develop —

ment .

CURRENT R&D NEEDS: When examining the research and

development programs of today and comparing them to the needed

t echno log i ca l  b reak th roughs  i nd ica ted  under the va r i ous  energy
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sources in Chapter 4, it is evident that additional wor k is

needed. It is apparent that a lack of policy in the DOD is

reflected by the lack of effort in the area of alternative

fuels. The present efforts are not concentrated on technology

• needed to solve problems of developing an acceptable fuel to

replace convenient petroleum pr oducts which will be depleted

e a r l y  in the next century .

There is a need to i d e n t i f y  the process that will be

u s e d  to liquify coal and retrieve and process petroleum from

oil shale. This process must be addressed in current R&D

efforts. One must recognize that the form of alterna tive

fuels from coal and oil shal e vary depending on the process;

and , if engine R&D work is going to use alternative fuels ,

the process must be identified and pursued.

The environmental problems of mining and processing

coal and oil shale also need effort. In the a r e a  of solar

e n e r g y ,more work on improving conversion efficiency is needed.

Storage of solar energy to overcome the intermittent nature

of the sun and the production of hydrogen from solar energy

sources are two areas that need to be included in future R&D

efforts. The work in the nuclear energy field needs to satis-

fy future needs while meeting public demands for an eco logi -

cally safe and acceptable means of dealing with nuclear waste.

At the same t ime that  research  and development efforts

address the needs for developing alternative fuels, parallel

e f f o r t s  a r e  n e e d e d  in engine design. A majority of Army

mobility equipment is diesel powered. This limits these 
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engines to the use of diesel fuel only. The development of

a true multi - fuel engine must be pu rsued.

It is evident when lo oking at DOD needs , that not all

research and development problems are the concern of the De-

fense Department. What is needed is a decision on what areas

are critical to the DOD ’ s future mobility needs , and a policy

developed to give the research establishments guidance on the

direction the Department wants to go in the future.
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C H A P T E R  6

PROPOSED A L T E R N A T I V E  FUELS P O L I C Y

Goals

LONG-TERM GOALS FO R THE YEAR 2010 PLUS: The Uni ted

States must become energy independent if its citizens are to

continue to enjoy their current standard of living. The solu-

tion is a total commitment to the goal of i’ndependence. Since

petroleum pr oducts will be extremely scarce , we must develop

alternative fuels whi ch are not dependent on exhaustible re-

sources.

SHORT -TERM GOALS FOR THE YEARS 1978 - 2010: The coun-

try must use its domestic resources to replace dwindling pe-

troleum resources for an interim period while technology is

developed to meet long-range goals. This transition period

should use a combinat ion of petroleum and synthetic fuels..

The Recomme nded Policy

S E C R E T A R Y  O F DE F E N S E  POLICY STATEMENT: As the Secre-

tary of Defense , I recognize the Defense Department canno t

wait for a resolution of the problems posed by the immi nent

loss of petroleum —based fuels. Every possible step must be

taken to insure fuel is available to U. S. Forces to maintain

their mobility in a world of dwindling petroleum reserves.

These a l t e r n a t i v e  fue l s  must be ob ta ined  from domest ic  U. S.

natural resources to avoid the transportation and economi c

58
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pro blems that now face the nation in the area of import e d

petr ol eum.

My proposed short-term sol ution is to establish a

fuel transiti on period which begins with the impl ementation

• of th is policy. During this per iod all  DOD s e r v i c e s  and agen-

cies will ma Le the tran sition from currently -used petroleum

fuels to synthetic fuels. Con tracts will be established with

the industrial sector to develop liquid and gaseous fuels

from the nation ’ s extensive coal reser ves. The DOD will ini-

tially guarantee a mark et for the synthetic fuels produce d as

an incentive to ind ustry to develop this important source of

energy. It is envisi oned that as the amount of fuel produced

increases , the excess will be marketed to the public sector.

The Army ’ s Fuels and Lubrication Lab oratory will work closely

with industry to establish and refine requirements of the syn-

thetic fuel. The Army ’ s Fuels and Lubricants Lab oratory will

provide the combustion characteristics of the new fuel to each

service , thus enabling them to purchase engines capable of

burning the synthetic fuel. Upon receipt of the new fuel char-

acteristics, each service will insure that all engines purchased

— or contracted for are of mult i-fuel design and are capable of

using the new fuel. This solution will be pha sed in over the

next 30 years and will start from primarily a petroleum base

and move through the continuum to primary use of a synthetic —

based fuel.

T h i s  use of synthetic derivative is only an interim

solution which will insure adequate fuel for the near term.



60

/k long-term solution is also required. Mv long -term proposal

to prevent a crash program from being neces sary in the 21st

century is to implement an extensive research and development

program. This R&D program will be supervi sed and coordinated

by my office with the Under Secretary of Defense for Research

and Technol ogy having the primary supervisory responsibility .

This program will be implemented upon receipt of this policy

with interim reports due a minimum of once each year. This

report will measure progress made towards the long -term goa l

of total energy independence in the year 2010. I further

recommend that initial efforts to solve our long-term require -

ments be in the area of hydrogen R&D. Hydrogen is one of the

most plentiful elements in nature and is found in water , oil

shale , and coal. The R&D efforts initially should be focused

on the major problems precluding immediate use of hydrogen.

These are storage , transportation , and production. Production

methods using both solar and LMFBR nuclear energy should be

persuaded. When we have resolved these problems , we will have

resolved the energy requirements of the 2 1s t  century.

- - - 55 
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CHAPTER 7

SUMMARY , C ONCLUS IONS , & R E C O M M E N D A T I O N S

Summary

The facts presented in Chapter 1 lead to the conclu-

sion that as a nation we wi ll be in a position where conven -

tional fuels , as we know them today, will either be gone or

will be in short supply by the year 2000. Therefore , alterna -

tive fuel sources w ill be required. It follows that a

decision must be made and a policy established in the area

of alternative fuels. The next question is: “Should the

DOD have a policy of its own , considering that other govern-

mental agencies have the prim ary charter to develop alternate

energy sources?”

The answer to this question lie s in the examination

of the uniqueness of the DOD stressed in Chapter 2. The DOD

has world —wide mobilit y req uirements that are totally reliant

on petroleum-based fuels. Based on the uniqueness of these

requirements , the danger that conventional fuels won ’ t be

available , and that fuels are essential to enable the DOD to
-

- 
carry out its mission , leaves only one conclusi on: the DOD

needs its own alternate fuel s policy.

The current policy in the area of alternative fuels

was examined.  If the s ta te ments  of both the policy makers

in the DOD and tho ;e charged w i t h  the implementat i on of such

policies as related in C h a - ter 3 are true, then the DOD does
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not currently have an a l t e r n a t i v e  fuel po l i cy . It was

pointed out that there is a movement in this area presently

which could lead to a p olicy sometime in the summer of 1978.

Since there is currently no policy, the next step was to

examine the areas of rese arch that might indicate what direc -

t ion that  p o l i c y  might  take .

A review of the current technological requirement s

of several alternative energy sources was undertaken in Chap-

ter 4. The shortcomings in the area of research and the

advances needed were reviewed. The research and requirem ents

necessary to sufficiently dev elop some of these alternate

-~ fuel sources to make contributi ons to our total energy

requirements by the early 1980’s was documented. Some of

these sources have already developed the necessary techn ology,

and all that is now needed are econ omic considerations to

arrive at a point where these fuels w ill become economically

feasible.

Chapter 5 examined the current R&D effort that has

been taken. Results of research in this area indicated there

has been a fragmented approach to solving the technological

- pr oblems outlined in Chapter 4. A need for a central policy

evolved. Chapter 6 presents a prop osed DOD policy.

Conclusions

There is a serious gap in the United States national

effort to develop alternate fuels. This shortcoming evo lves

from a failure at the national level to formulate policy and 
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an 1 p1 an s to a 11 cv i a t e t. he p ro .j ~‘ c ted p t’ t ro 1 e urn inc 1 h or t a

that was established in Chapter 1. The basic resear ch ~n

areas such as fuels from coal , oil shale , bio m ass , and nu-

clear energy are producing massive amounts of energy tech -

nology. This creates an impression that all the Defense

Department  has to do is s i t  back and a rev olutionary new

fuel w i l l  m i racu lous l y  emerge as a result of the research

now being conducted by the civilian industrial community .

This may in fact happen . It is true that we have the tech-

nology to produce liq uid fuels from our vast coal reserves

and sources such as: shale oil , bi omass , and waste mater-

ials. Considering this to be t r u e , w h a t  i s  the problem?

One theory is: If we have the techn ology to produce alterna-

tive fuels from coal and oil shale , then all that is needed

is a rise in the cost of petroleum -based fuels to a point

where alternate fuel pr oduction methods become economically

feasible. This the sis is misunderstood not only by the

general p ublic but also by some of our seni or p oli c y makers.

The fact is that alternate fuels that are produced from coal

and oil shale will have very different characteristics when

c o m p a r e d  to current fuels. 1 These differences will requ ire

major engine modifications or po ssibly a complete engine

redesi gn .

An alternate fuel program requires the inv estment of

today ’ s dollars to develop results which may not be felt for

a decade or more. The natural approach is to spend money for

something that pr oduces i mmediate results. Each administration

-—-
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has pressures to maximize returns on each year ’s fiscal

budget. A continual Department of Defense philosophy of

“Let industry do it ,” “Let the next guy worry about it” w i l l

lead the defense establishment into a position much like the

crash space program of the early six ties, or y e t  another

c r i s i s  management situation.

The present DOD effort is still based on fossil fuels.

The Defense Department now seems to be grasping just how ser-

ious the fuel situation is and may well solve its shortcom-

ings in the area of policy on alternative fuels . * Almost all

current and past research has been in the area of conserva-

tion. Major addresses by senior DOD pe rsonnel still stress

conservation. General Brown , Chairman of the Joint Chiefs

of Staff , again stressed the conservation theme in November

1977.

The Armed Forces account for less than two percent
of the nat ioi ’ s energy consumption. The amount of fuel
used in mob i le  opera t ions  ( tha t  is , consumption other
than i n s t a l l a t i o n  suppor t )  is about two -thirds of that
two percent , a rather m odest amount. This amount goes
for operations , training a n d  other functions contributing
to readiness. The Armed Forces continue to conserve
energy- -between FY 1974 and 1976 , consumpt ion for mobi le
operation has been reduced nearly 15 percent --note it is
important to national security that the modest ~xpendi-ture to support mobile operations be continued. ’

• Predictions by energy exper ts and by Secretary of

Defense , Dr .  H aro ld Brow n , lead to only one conclusion:

there will not be any fuel left to conserve by the early

part of the next century . Yet , with this being evident , the

*Note: Conversation with Dr. Ruth Davis, Under Sec-
retary of Defense for Research and Technology , indicated a
policy would be forthcoming . 
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conservation theme continues. In testimony before the Sub-

committee on Military Considerations and Stockpiles , the

Under Secretary of Defense for Installations and Housing

stated:

While a good part of our energy consumption is
directly related to the maintenance of our forces , their
training and their operational missions , there is also a
significant part that goes into maintenance and operation
of our facilities--actually about 35 percent of the DOD
annual consumption in the Continental United States. And
we recognize that we have an opportunity , indeed an obli-
gati on , to substantially reduce our energy use in 3thesefacilities through various conservation measures.

E v e n  though these conservation efforts are meeting

wi th  success , the requirements to stay within budget con-

straints has led to reduction in training and a potential

impact on operational readiness. Reliance on continued con-

servation themes is not the answer. Conservation only buys

time . With a finite supply of petroleum fuels , an alternate

fuel is an absolute must. Failure to recognize a responsi-

bility in the research and development area to seek alternate

fuels is a major shortcoming in the present Defense Depart-

ment energy position.

The Energy Research and Development Administration ’ s

strategy has placed most of its emphasis on extraction and

refining of petroleum , and little on application of existing

technologies towards finding alternatives to these fuels.

Work on usage continues to be limited. This work consists

mainly of testing and evaluating synthetic liquids , gases ,

alcohols, and hydrogen. R&D in this area is important as it

does define adjustments that are required in the refining 
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p r o c e s s e s , fuel blending and engine design. Unfortunately,

most of these adjustments have caused an increase in complex-

ity . What is really needed is a simplification of the proc-

‘ s s e s  to reduce c o s t .  The fac t  is there is no viable national

effort to develop a new fuel for either ground highway trans-

portati on or to power future combat vehicles. This has been

a failure to adjust and accept the fact that we are rapidly

approaching a “ n o - f o s s i l — f u e l  wo r l d ”  and that a l te rna te

energy resea rch is the only answer. The resistance to accept

this as fact has placed our future national security in

j eopardy .

Although the Defense Department has recognized the

energy problem , a long -t erm plan using a systems approach is

needed. The need for DOD leadership in solving the critical

problem of an altern ate fuel source is absolutely essential.

The DOD leadership could take numerous directions , but the

first step must be to set goals and a central policy as out-

lined in Chapter 6.

Recommendations

That the policy and goals stated in Chapter 6 be

used to finalize a centr alized DOD alternate fuel policy

leading to energy independence by the year 2010. In order to

implement this po l icy, the following steps are recommended:

Step 1. To support the DOD goals for the year 2010,

mi les tones  must be es tab l i shed .

Step 2. A de terminat ion  of what  fue ls  and s ources
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of energy are available for U. S. natural resources must be

made. Research indicates that coal is our nation ’ s most abun-

dant domestic source of energy , with the most technological

promise. Therefore , coal is the recommended source of syn-

thetic fuels to be developed by the DOD .

Step 3. The transitional period from petroleum to

synthetics should beg in immediately and continue into the

first decade of the 21st Centu r y .

Step 4. A ~iuara nteed synthetic fuel market should be

established to promote p rivate industry development.

Step 5. A systems approach should be adopted in the

implementation of the policy . Since it has been established

that fuel characteri stics will differ from present-day fuels ,

engines must be de signed to burn newer forms of fuel. The

component services of the DOD need a definite area of respon-

sibility. The responsibility for the development of vari ous

future fuel -burnin g engines by category should be assigned;

i.e. the Army should be responsible for all ground tran spor-

tation engine research and dev elopment; the Navy, all nuclear

engines; and the Air Force all aircraft engines to include

helicopters. These services will be respons it.l e for coor-

dinating and exchanging information with both industry and

their sister services.

Step 6. Long -term goals must be established to carry

the nation through the 21st Century . The inter im mea sures

taken during the transition period cannot supply indefini te

fuel supplies. The most common element that can be used as
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a fuel is hydrogen. I t  is , therefore , recommended that

research efforts be focused on solving the production and

storage problems which preclude the immediate use of hydro-

gen.
— 

Step 7. Finally, the Defense Department and the

administration should reevaluate its position on alternate

energy research .  V a s t  sums of money need to be i nves ted

today . The military services are uniquely capable of solving

these research problems if given the charter and resources

required. Immediate act ion is required as time is now grow-

ing short. Questions such as what fuels should be tested on

the turbine engine that powers XM l? What engi ne will power

the Infantry Fighting Vehicle: These questions are just two

of the many that must be answered. Failure to devel op a

long -term plan and strateg y for these weapon systems in the

area of alternate fuels can prove to be extremely costly in

the future. The success of our defense establishment depends

upon the realization that we cannot wait until our economy

and our national defense deteriorates to a point where we

are crippled and a state of crisis exists before we act. 
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