1. IWSRODUCTION

An assured long-term supply of energy is essential for the _grovth
end maintenance of & modern industriel nation such as the United States.
The current energy crisis this country is facing ié well dotumented, but
if may be well to summarize.again since the ingredients stronﬁly relate
to the subject of thi; panel report. . ‘
1. The growing demand for petroleum And natural gas, coupled uﬁtﬁ a

decline in,domestic production, has forced the U.S. to deépend more

heavily ca foreign imports. Curtailment of some uses for natural
gas is alfeady in effect and shortageé of fuel oil have occured in’
some states, ‘ - , '

2. The increased public awareness of the environmental impact of our
current energy generation and use patterns hes caused delays in.
scheduling nev facilities to meet the growing demands and hes
inereased the demand for the more scarce fcleén" fuels.

3. Substantial_increﬁses in the costs of energy have resulted
from the above factors coupled with higher labor costs and‘g
interest rates. ]

4, ~ Of longer range concern is the finite lifetime or the ultimate
exhaustién of &ll fossil fuels, including the non=U.S. resources.
Thesé factors work toward a growing dependency on uncertain,

distant fuel supplies which in turn mey imply serious national security

and balancé of payments problems. Therefore it seems highly appropriste
to investigate alternstive energy systems which could provide +the  U.S,
with the mesns of overcoming these problems. The magnifude of thesé
problems can be seen in Figs. 1 and 2, whick show the projected incréasel
in petroléum and natural gas use according to the demand sector. By

198%, the U.S. would be impofting over one-half its petroleum and would

have a shortfa’l in natural gas supply of about one-half of demand. In

terms of foreign exchange this represents a dollar ocutflow of about. $hb
billion (oil at $3.50/bbl and natural gas at $1.00/10° ft> as liquefied
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natural gas) for 1985 and vould continue to increase with time.

It should be recognized that todey's energy needs are served
primarily by direct. use of fossil fuels end secondarily by electrieity.
Hear-term electricity needs vwill continue to be satisfied from economic
domestic resources such as coal and uranium and neaf-term porteble fuels
from domestic petroleum reserves end imports. For the loager term, all
energy will have to come from solar, geothermal, nuciecr (breeder}, or

'thermonuclear.sburces. Satisfying the long-term need for gasecus and
liquid fuels .appeﬁrs_ to be a more complex problemrthan that posed by
electricity.

Synthetic fuels from nonfossil sources appear to be the most likely
~alternative for supplying the long~term needs for gaseous and liquid
 fuels. These fuels, as considered in this study, consist of hydrogen
obtained from water and synthetic fuels containiiz hydrogen,. namély,
~ammonia, hydrazine, methanol, and related substances, It should be
recognized that in the near term these fuels can, and most likely will,
be made more economicelly from fossil sources such as coal and oil shale
or possibly'from urban and agricultural waste products.

While production of synthetic fuels requires thermal or electrical
energy and thus may sppear to complicate an already difficult problem,
these fuels can be obtained from domestic and, for the most pert, clean
sources, for example, nuclear or solar. In addition, because of low
trensport costs, synthetic fuels can be produced at renote, well-
regulated plants and thﬁs would notrcontribute to the primary pollution
protlems that eiist in our urban centers. .JAn edditional advantage of
such a system is in conservation of our limited fossil fuel rgsourceé,
pafticularly petroleum, .so that they may be used as §aluable chemical
product feedstocks end in metallurgical processes., The synthetic fuels,
especially hydrogen, may be consumed with very little or no air
pollution es well as with higher conversion efficiencies and thus could-
be more sttractive for urban uses than the fossil fuels in current wuse.

This report represents about =a six-month effort of a panel of
representatives from four AEC leboratories, industrial firms; und

consultants as tebulated in  the Appendix. "It is one of 11 panels



performing Bimilar studies of various technologiés thet could

potentially contribute to solving the future energy prohl&ms facing our

country. These panels have been formed by various interested agencles
of the federal government and are being coordinated by the Federal

' Council on Science and Technology's Committee on Energy Research and )

Development (R&D) Goals. While many of these panels interface with some

of_ the topiss considered in this study, a few that s=eem to be

particularly closely related éare:  Energy from Urban Wastes,

Trasnsportavion, Total Energy Systems, end Soler Energy. » '
The épecific purpose or. this 'panelfé work ﬁay be .summarized as.

followst R |

1. ° to assess the potential of an energy system based on nonfossil
syntwetic erls, mainly hydrogen' .

2. " to glve special attention to the uge of synthetlc fuels fbr the
dispersed, atatxon&ry_generaxion of electricity;

3. to exemine all segmenis of & synfhetic fuel system and make
-recommendations for.performiﬁg.nny reéﬁifed research and develop-~
ment. ‘ '

This féport covers” all aspects of an energy Asystém based on
nonfossil synthetic fuels and includes discussions on the pr&duction of
the fuels} their storage, transmission, and end uées; and an overall
systems enalysis illustrating the role these fuels might -assume in the

. future. A section on the use of coal to produce hydrogen and .methanol

‘is -also -included to 'help define the interim time period before nur“

dependency on nonfossil fuels odecurs. Th;s summary report is based on
individual detailed reports which were prepared in support of the

‘pane;'s‘effort



2, SUMMARY AND CONCLUSIONS -

The primary‘ sectors of an energy s=ystem based: on  nonfossil
syathetic fuels have Dbeen examined on the hasis of readily available
information. The msin overall conclusion reached is that these fuels
_can have & significant beneficial long-term impact . on the energy
problems facing the U.5. Hydrogen is a particularly ettractive
synthetzc fuel for the following reasons:

1, It is essentially clean burnxng, the main combustion product
being water.
2. It may be substituted for nearly all fuel uses.
3. It.can »e produced from domestic resources.
i, . It is available from a reneweble apd unlversal rav materisl——water.
5. DMNearly 21l primary energy sources, nuclear, solar, etc;, may be
used in its production.

The main obstacies to the use of hydrogen as a uvniversal fuel are
its high cost relative to the current low prices for fossil fuels and,
for some applications, the unresolved problems of handling a low=-density
or & ecryogenic fluld, OSafety considerations, while important, are not
believed to present & serious technical obstacle to its widespread use.

The panel Gtelieves that.most of these economic problems could be
resolved by apﬁropriate research end development progrdms end, even
though some epplications are of a long-term nature, that it waﬁld be
prudent- ‘o begin the required research at once. The solutions to
research and development problems cannot often be rigorously scheduled,
. and, particulariy in this case where a serious national problem eiisfs,
it would be far better to have technology ready in sdvance than to be
late. -Attaining the technical and economic goals of such = progrem
. could allow the U.S. to be ihdependent of foreign energy sources while
essentially elimineting the pollution problems related to energy use,

Of *he other synthetic fuels ccnsidered by tihe panel, methancl

(provided a low-cost source of carbon such as coal or lignife is



available) appeargd to offer the most potential, pa.rticule.rly as & f..e].
for ground ra.nsport. A comparison of selected cha.racteristics of t.he '
: synthetic fuela considered in this study is given In Ta.hle i,

2-1 .M'a'jbr Findingg .

The 1ong-tem ueed for synthetic gaseous and liquid fuels is
believed to be incontrovertible when one conmders the potential
alternatives. Aitheugh the applications of electr:.city, the most likely
alternative, are in\.reasmg, t.here are several energy use sectors - v.mich ‘
" 'do  not- appear capable of adapting to this energy fomm, for example,
' transportation, par.,iculs.rly air asnd sea, Also, many chemical and
. metsllurgical uses for hydrogen cannot be replaced directly by
electric’ ty. ’l'he need for a portable, storsble, end readily deliverable
form of energy seems to be an esgential ingredient of an advanced

. soclety ‘a5 far into the t‘uture as can be visualized today, certainly
- beyond the time vhen the earth‘s i‘ossil fuels have been exhausted.

The panel ‘concluded that hydrogen has outstanding potential az &
‘fuei for the trensportation sector because of its unigue, nonpolluting -
character, 'I‘he applications would initial}.y be to fleet-opera.ted trucks
and buses, high~speed trair's, and a.ircrart snd may later extend to
‘ priva.t.e sutomobiles. Tae key to realizing the potentia.l of hydrogen as
" applied to the transportstion sector i3 the deveiopment of practical on=
board storage and logistics systems. Methanol was identified & an
, -attra.ctive near-term - autorotive “.xe'l._ While not as clean bui'ning as
' hydrogen, it appears to ‘be superior to gasoline and would more readily
fit into existing vehiclie designs an:. fuel logistics systet 3, although
its relatively low heating value and boiling point imply changes in on~
'boa.rd storage concepts.

The panel slso found that conversion of agricultura.l and urbnn '
wastes to- synthetic fuels is 'u'orthy of Berious considerstion. This
source could supply a. signiﬁca‘.nt fraction of the 1945 shorta.ge of

‘ pipe].ine gas, pro‘uably ‘at costs competitive with imports. However, a
aubstantial program of rgse‘s:jc_h, " dovelopment . and &emohst.ration is
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clearly indicated; anothef panel is believed to be developing the
", detalls of such a program. ' '

"In the’ long term  the panel envisions an energy economv based on
nonfossil sources, with electricity and hydrogen being the stepie forms‘
of energy . distributed to cities and industries. The transition from
-fbssil fuels to synthetic fuels. will occur when the total cost of
producing and - using fuels from nonfossil energy sources intersects the
‘rising cosus, including environmentel effects, of coal end imported oil
and gas. -In the interim, hydrogen will be produced from fossil sources
such as cosJ and from off-peak electricity via water electrolysis.

The reseerch, development, and demonstration program outlined belos

is recommended for federal government sponsorship. While. some of the

important goals can be identified now,‘a more detailed analysis of the -

alternative development psths should be undertaken before commitment to
& major pi‘i‘ort in order to arrive at the most effective progrem from &
'standpoint of cost.s '

2.2 Critical Related Issues

‘ To'better'deiine the. priority' and urgency or' such a program,
several other evsluations should be mede and & number of policy issues
should be resolved. The real cost of environmental effects should be.
determined so that the environmeatally beneficial characteristics of
synthetic fuels can be evaluated and compared with other elternetive and
" with the environmental effects of their production processes. Other
eritical policy issues to be resolved are mainly relsted to our 3
-increesed dapendency on foreign energy sources, that is, dependability
Vof‘ supply, the impact on netional security and balance of psyments, and
. the possibility of arbitrary pricing by foreign interests. There  are
also gerious policy issues related to the need for, or the desirability '
of, imposing controls on the rate of growth of energy demand.,

 The future use of coel as a souroe of gaseous and liquid fuels vas

also ldentified as an important factor in determining the urgency and
" the level of effort to be placed on developlng fuels from nonfossil:



sources. Since 'a time constraint, plus originally & basic ground'rule
for this panel's study, prevented detailed examination of the use of
¢oal, answers to many highly relevant guestions were not available; for -
.exnmple, questiors of the ultimate costs and total environmental impact
of producing hycrogen, methane, or methanol from coal and questiéns
relating to the extent of our ecoromic resources relative to their
posaible future use in supplying gaseous and liquid fuels. . _

A related problem, alsc semewhat beycnd the ﬁrimary scope of this
penel's work, is concerned with the siting and construetion (including
capital ellocation) of sufficient nuclesr, solar, ete., plents to
provide ne primary energy required to produce the synthetic fuels.
Just to meet one-half of the projected transportation fuel needs for

_year 2000%* with electrolytically produced hydrogen would require én
additional electfieal generating caﬁacity of nearly 1,000,0@0 My
{equivelent to $350 billion) or about 2 1/2 times the currentiy
expected nuclear generating capacity at that time, Msking full use of
the available off-peak nuclear power in the year 2000 could. reduce fhe
fequired generating capacity by about 20%. To use comrl in a
gasification plant to produce this same trensportation fuel need, would
require about 1.3 billion tons of ccal or more than double the current
produétioh rate, . .

Ancther possible strategy for relieving the demand for imported
fuels, but alsc not considere& to be within the scope of this panel's
work, would be to substitute electricity for some selected fuel wuses.
‘A5 an example, if the resldéntial and commercial space heating load
projected to be met by gas and oil in 2000 were to be met by
electricity, addiéionai electrical generating qapacity of 300,000 Md
would be :equired. This alone would represeui a 35% increese in the
nﬁclenr generating plent capacity planned for this time period but would
relense sufficient oil and gas to provide about 30% of the total
'transportation energy need. ) .

It is further important to recognize that keeping up with energy
demands without 1ntroducing new alternatives is in itself costly. " It
has been estimated, for example, that the cost of developing additional

L]
Thus decreasing projected petrcleum imports bg about one~helf and
reslizing a savinge in foreign exchange of $12 x 10°/yr et the 1972 price
leve] » :



