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.rossil resources and import fbreipn ruels would cost’ ahnut $1io0 billion
.oy 1935.
| In “view of the enormity of the future energy problems facing the
,,U,S., it is believed that promising options should be kept open by

instituting vigorous research and deﬁelopment'programs A particularly'

important fnture option is believed to be In the area of nonfossil
Vsynthetic fuela. o ' :

2.3 Conclusions
The results of nn_assessment of the various sections of:e_synthetie

fuel basec system are summnrized‘as follows.
Fuel Production. The process (nonfossil) most likeiy to be used

for the large-scale production of hydrogen is waler electrolysis., ~With
further research and development, efficiency increases of 25% and plant

cost reductions of 5% appear. possible., Large economic “improvements

would also result 1if inrga markets “for the by-products, oxygen and
-.‘deuturium, cold be found., - '

. The thermochemical production route has not. been developed past the
._:,1aboratory stage but could be an attractive long-range method.

Radicliytic and ddrect thermal decomposition of water do not seem. to )
offer ai+ructive eOmmeroial ‘ possibilities. ' Several biological '

production schemes should, however, ‘be further investigated to establish
'_technicel reasibility.

As indicated above, obtaining ruels from urban and agricultural‘

vastes represents an attractive development. area.
' Producticn of iiydrogen or methanol from coal appear to be developed

preaesses, although no lavge plants have yet been built.  Commercial -

implementation ‘seems to be 1argely dependent on economic factors, but '

vith surrent prices for: coal hydrogen from this source would be ahout
. one~half’ as costly as that from water electrolysis. Use of the western

.lignite deposits for hyurngen and methanol production eppears to offer

a number of edvantages and should be further evaluated.
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Table 2 summarizes current and projected production costa for the
various synthetic fuels considered.

Storage and Transportation. The technelogy of large-scale storage

and transportation of hydrogen and other synthetic fuels appears . to be
generally well déveloped. The use of underground aquifers or depleted
gas wells for storage of hydrogen is, however, an area requiring further
work. Small-scale storage, particularly for mobile energy, is one of
the priority aresms for further development. In addition to liquid

hydrogen, compounds of hydrogen or hydrides offer attractive storage

possibilities. Preliminary indicatlons &re that the costs for pipeline’
transmission and local distribution of hydrogen will be alightly more

than those for natural gas; howevef, . &85  transmission and locsl

distribution cost is less than one~third the cosf of & corresponding
conventional electric system. There is a need, howevef, to develop more

precise cost esgtimates 'on'a consistent bauis fc the transmission and
distribution of electricity and hydrogen 80 thet more definitive systems

analyses can be made,

Fuels Utilizetion. Hydrogen appears to be readily substitutable

-for other fuels and in most cases yields real benefits, partieularly in

reduced envircnmental degradation and increased energy use Efficiency. o

The need for governmént-supported research and. development appesrs to be
relatively smal) in the urban use sector, although eventual support for
demonstration and corVers;on efforts would require significant fanding
levels. Industrial uses Tfor hydrogen are growing and could expand
greatly if hydrogen were available at a price suiteble for new chemical
and metallurgical . uses. Also, hydrogen appears to be readily
substitutable for other industrial fuels end would yield substantial
environméntal “und  efficlency =sdvantages. Its use in the industr1a1
sector does not eppear to require significent, direct government support
for research and development work. Adapting synthetic fuels to
. transportation uses, particularly hydrogen for aireraft and eutomobile
use, represents an grea where research and development is needed. Fuel
logisties, on-board storage, and power conversion are specific ereas
requiring further wvork, In electrical generation, -fﬁel cells and
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turbines wouwld both benerit from the use of hydrogen, or ‘hydrogen end
oxygen, but boin systems need further development,

Systems Considerations. Based on preliminary systems anmlyses,

indications - are that nonfossil synthetic fuel systems can overcome many
of our Jong-term energy problems, although further agelyses are re@uired
to establish the timing and urgency of implementation, It is 1ikely
that synthetic fuels from fossil sources (coal, il shale, etc.} will be
less ‘expensive in the near term but, as the more attractive coal
deposits are depleted, the synthetic fuels from nonfossil sources should
become generally economicelly competitive, As indicated in Fig. 3,
recent. estimatese“ of ~ the extent of the world ceal resources suggest
that the meximum rute of utilization of coal may ocecur between the years
2030 and 2070, ~at  which point approximately 508 of the available
resourccs will have been depleted; however, other estimates predict the
peak oeccurs much furthef out in time. Obviously, the position of this
peak shifts closer to the near term if coal resources are used in the
manufecture of synthetic fuels, Thus, it is necessery to esteblish the
pocition of this peak in oriler to have sufficient research &and
development lead time to anticipate the point of beginning the required
implementation of nonfossil synthetic fuels in the energy economy. For
same specislized applications or environmental advantage, electrolytic
hydrbgen prroduced via low-cost, off-pesk power, or perhsps from remote
‘hydropauer, will be competitive on & near-term basis.

Systems analyses comparing an all-electric energy system sand a
combined electric—hydrogen supply system for residential consumption
Bhow that the combined system can be more economic. Advantages result
primarily <rom relatively low gas transmission end distribution bogts
and high load factor operation of the primary nuclear power plégts. The
primary energy source for the combined system, however, must be sabout
253 1§rger to deliver the same totel energy. Thus any custs associated
with waste ﬁeat dinposal or the handling of increased amounts of waste
products must be weighed msgainst the environmental and convenience
advantages of synthetic fuels. As a storable energy rorm, hydrogen may
find near--erm .use Bs an alternative to pumped~hydro storage systems.
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This may be especially attractive if accomplished in connection with
other uses of hydrogen, for example, in the transportation sector. . A
power plant devoted at least partly to producing electrolytic hy.drogen
could alse be used to provide peaking power by decreasing the rate of
hyd.rogen production.

2.4 Summary of Recommended Research and Development

Applications of synthetic fuels and the asioecisted research  and
development requirements we're divided into two ca.t;egories:‘ those which
can have a near-term, by 1985, impact on the nation's energy problems
and those which would be of significant 'impa.ct after this date, The

near=term taske which were identified are: ‘
1. developmenw. and demonstration of methanol froﬁ: cosl as an automo-
‘ . tive fuel, ’
2,  development and demoﬁstration of Hz produced from coal for use in

the industrial éector toth as & chemical end as a fuei, o
3. . development and demonst.ra.tion‘ of Hz ag an energy storage medium for

electric utiiities use in supplying peak power demands,

k. development and demonstration of the production of gaseous and

liquid fuels from urban and ugricultural waste products.‘ B .

; Assuming & ressonable funding level, these programs are projeci;ejd
to require up to.a five-year research and 'developmént ‘effort. The
methanol task would establish the iechnolog' and economics of both the
produet.ion from coa.:. and/or lignite as well es the end use in automobile
- engines. Since auto transportetion represents the biggest single user
of petroleum, the successful implementation o. this program could have &
si@ifica.nt 1mp$ct on the oil—import and air pollution problems. Tasks
2, 3, and b also appear to heve near-term via'bilitf and would likeuise
relieve the demand for naturel ges a.nd petroleum,

The research and development program identified to achieve the
longer-term :lmpact is an follows: -

1. use of hydrogen &8 a transportation fuel, particularly for alrcraft
and for specislized ground vehicles; ‘
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2. hydrogen production investigations;
3. long-distance transmission and bulk storage of hydrogen,
5." pdﬁlic.safety studies;. i
5. overall systems aneiyses. _ o _ ‘
It is estimated tnat 8 five= to ten-year research end development
progran. would ve required to esteblish the feasibility of using hydrogen
as a transportation fuel.. This program ‘would give particuler emphasis_
‘ to‘fue; tankage and 1cgistics end ‘thelr interrelemionships_to engine and
frame considerations. '
fiydrogen production investigetions to 1mprove the water electrolya

© sls process, 86 well es to investigate new methods such ~es thermochemi—

cel and biologlcal, could involve a five— to ten=yesar. program.
Long—distance transmission and vulk storage of hydrogen, ineluding

systen studies, design optimizations, and- companent development, are

estirated to require & continuing effort ‘of av least five years,

- Publie safety and overall system anelysis ere envisaged 88 long-
term relatively 1ow-level efforts, but ones which are essential to &
smooth 1mp1ementazion period es well &8 to form the base for & well co=-
'.ordinateu research end development pProgram. _

It iz expected that most of the long-term tasks will require con=
erted work well beyond the initial feasibility efforts outlined sbove, .
" but will’ depend strongly on the results obtained by the end of the
research end development period.

In ‘geneérael, the penel concluded that the main obstaele to the use
of hydrogen as a uiversal fuel .is an - _economlc one, and that an
extensive and long-renge research and development program ‘could do much
to narrow the- gap betwe.n its cost and the cost of fbssil fuels.  The
cost of - fossil fuels, because of declining resources and increasing
_envxronmental protection requxrements, should increase at & higher rete
". than - the . cost of producing the. ‘synthetic Niels, and this will also
'contrxbute to improvxng the relative economic position and shortening
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the implementation period for the adoption of the hydrogen-based
economy . ‘ )

It is cleer that our fossil fuels will ultimately be depleted and
that relisnce mst then be placed on the nonfossil synthetic fuels.:
When this will take place or when & transition from cosl based ‘to
nuclear- or solar-based fuels should begin is suggested as s topic for
a future more detailed study. However, Fig. 3 indicates one casé ‘of
aSSQmed utilization of the U.S. coal resoﬁrceeand a projected rate for
implementing & synmthetic fuel economy. If one assumes a reasonable timé
fo complete research and development prograns and then to implement =
‘new fuels systems, It is evident that by making a strong research and
development commitment now followed immediately by: a  concerted
implementation prograﬁ it should be _possible to have the new éystemA

available to meet our long-term needs.
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3. PRODUCTION OF SYNTHETIC FUELS

Perhaps the most critical factor influencing the viability of an
- energy system based on synthetic fuels resides in the production system,
particularly in terms of the costs and the impact on the use of
resources and on the environment, This section discusses the various
options - for the " production of hydfogen, namely, electrolysis,
thermochemicdl, biological, radiolytic, and‘lvarious combinations, and
the production of other sgnthetic fuels, particularly those made from
hydrogen, Since the electrolysis and the thermochemical processes have
received far more -considerstion than  the other proposed production
.sjstems they ‘are discussed in much more detail.

- A'section on the use of coal is included for comparison and to
illustrate the most likely option to bridge the interim from the present
to the time when fossil fuels become scarce. 'This section considers
enly two fuels made from coal: hydrogen end methanol. - Other possible
'ruels, ‘methane and a complete range - of Fischer-Tropsch synthesized
'hydrocarbons are pot discussed due %o the time 11mitation for ‘this
. atudy.

3.1 Hydrogen

-7 The two principal electrolytic processes for producing hydrogen are
waﬁer ' eleutrolyéis' snd hydrogen-halide .eleEtrolysis. - (Bince the
hydrogen-balide process is actually a two-step oprocess involving e
‘thermal process of reacting a halide with water to form the H-hnlide,

. this system is discussed in’ Section 3.1.4, Combination Production
- Systens, ) T

- 3.1.1 Water electrolykis
_gysical principles and theory.  Water electrolysis ia accbmplished
by passing a direct current between two electrodes 1mmeraed in an
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electrolyte {usually potassium hydroxide solution); hydrogen is formed
al. the cathode'and oxygen is forméd at the enode. The rate of hydrogen
production is directly proportional to the current passing between the
electrodes and is given by Faraday's Lavw as 1 1b of H, per 12,000 A-hr.

The energy that must be supplied to the cell, to cause the reaction
H,0 (liquid) » H, (gas) + 1/20, (gas) to proceed is the enthalpy of
formation of water, A H, and is equal to 68.32 kcal/mole at 25°C and 1
atmosphere. However, only the free energy of this reaction, AF, equal
to .56.69 keal/mole, has to be supplied to the electrodes as electrical
energy, The remeinder is required as heat, mnd this can theorétically
be provided as thermel energy from the surroundlngs, or from electrical
losses within the cell.

According to & basic lav of thermodynamics, the electrical work sF,
done on or by a cell is equal to the free energy change occurring, or

AF = -nFE ' _‘

wiere n is the number of electrons passing, E is the re#ersible voltepe
of the cell, and ¥ is Faraday's constant, By the use of this law, the
minimum theoretical electrieal energy requiremert can be messured in
terms of- ah epplied wvoltage, end for the electrolysis of liquid water
solutions at 25°C it is 1,229 V, or 1L.9 XWhr/lb H,, A perfect cell
would operate st this voltage and energy input but would require the
additional input of thermal energy equivalent to ancther 3.1 kﬁhr/lb Ho.
In order to provide ell the nccessary‘energy as electrical energy, -the
‘corresponding voltage is 1.uBz V {1B8.0 kWhr/ib}. A practical cell can
. approximate this wvoltage et low output rates, eince it is still experi-
encing a 20% low of efficiency from an "ideal" situation. Under ususl
operating conditions, commercisl electrolysis planis require much higher
powéf levels, due to even greater than 201 power losses in electrolyte
or in the electrodes themselves.

The theoretical reversible wvoltage (defined by the free energy
change} decreases with tempereture, while the "thermoneutral” voltage
{defined by the enthalpy change)} incresses slightly with increasing
temperature. The theoretical energy requirements are shown in Pig., &

- along with the eactual performance of seiected cells. The mctual
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- performance is improved at elevated temperatures due to changes in the
conductivity of the electrolyte and in the activity of the-electrodes.
Noté that the apparent &dvantage of very high temperature { ~1100%C)
. vapor cells using & solid electrolyte is not currently realized. This
ié apparently due to the necessity of operating such cells at & rete
that .results in' suffisient waste heat to maintain cell operating
temperature, A nearly equal energy requirement is obtained with
alkaline electroiyte electrolyzers operating at temperatﬁres of 150°C
(302°F). _ '

Efficiency of water electrolysis should be defined as therﬂenefgy.
stored as chemicnl energy in the hydrogen (AH) divided by the electrieal
‘energy requiréd' to’ produce hydrogen. There are two values of the
chemical ehergy. f.e., the "high" heating value (HHV) and- the "“iow"
heating wvalue (LHV) - the difference, v20%, is the heat available as
latent heat of cdndenégtion. Throughout this report the LHV is used,
since in most end uses the latent heat is not productive, Commercially
available electrilysis plants operate at electrical efficiencies between
5T# und T2%. The best demonstrated efficiency for advanced eiectroi&Sis
cells is approximately 80%, Note that once the cell performance rsaches
the "4H" line on Fig, 4, operation below this volteg> is theoretically
possivle and represents an apparent efficiency greater than 1007
efficiency if only the electrical input is considered. As stated
eurlier, operation within the bounds of the AH and AF lines of Fig, b is
quite possible, results in an "endothermic" cell, and thus requires the
input of thermal tnergy at the céll's'operating temperature. .

Current commercial electrolysis plants, Current  installed
eléctrolysis Plant capa&ity throughout the world is estimated to be 3 x
106 1b of Hz per day, Primary use of this hydrogen is in the production
of ammonia. aydrogen is predominantly produced from 'fQSSil fuéls by
catalytié 'ateam réforming or partiasl oxiddtion, 50 that the Percentage
of hydrogen produced by electrolysis throughout the world is only 3% of
the total hydrogen used in the U.s. The reason for this low percentage

is the current low cost of hydrocarbon_fuel compared with the cost- of

electricity.
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' The electroly91s plsnts that have been instslled are located 1n

areas where there is a significant demand for fertllizer {NHg)
_plentiful low-cost electricity, and no low-cost hydr:carbon fuel supply. .
Areas in which this has been true 1nclude India, Egypt, hile, and :
Horway. o

fable 3 1ists & number of major electrolytic hydrogen plants, their

operaiing parameters, and capacity. - As can be seen, soﬁe of the plants’

. have been instslled and operated for a considerable nhmber of years.

Lconomxcs of hydrogen productzon‘JL electrolysis. In the design of

an electrolysis plant, two factors predominate in the determination of -
“the cost of the hydrogen produced: (1) the capital cost of the
electrolysis plant the cost of monéy; and the life of the equipment;
and - (e) ‘the cost of electrical power. The desire for idw capital cost
tends to push the design operating current. density to the highest level
possible, but this, in turn, results in lower efficiency, -hence
‘increaéed power consum?tion; B0 that a +trade-off Ybetween capitél nnd‘
operating cost must be considereﬁ to mrrive et the optimum plant design.
‘This is the major resson for the large variation of plant operating
parsmeters reported in Teble 3. deay_s capital cost of large-scale
electrolysiz plants is approximately $95/lb_H2 per day or approximately
$95 /KWl e) based on input power {using 2b kWhr/1b H,). At & fixed charge
rate of 15% and a 90% plant factor, the capital charges would be
equivalent to 4.3¢/10 Hy, or 8u¢/106 Btu. '

. An advenced electrolysis plant has been estimated to coat less thean
$40/1b H, per day .or, using 20 kWhr/lb H,, $48/kW(e) (equivalent to
asbout 2¢/1v Bz). The major components of system costs of -an advanced
'electrOIYSié' plant are shown as & percentege of total plant cost in
Table 4, The components of this plant were optimized for opefation‘ at
a power cost of 5 mills/kWhr, The major cost item is the power supply
uﬁidh'is assumed tn be a transformer/silicon-controllede-rectifier (SCR)
type,' The second largest cost item'is the electrolysis module, which is
a aSsuméd to be =8 filter'press type. The cost percentages would not be
.-eipectgd-to Vary apprecinhly}it a tank-type electrolysis mndule vere
used.
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The total hydrogen production cost for advanced electrolysis

plants, including electricity cost is plotted in Fig. 5. The cost of

producing hydrogen has been minimized et each pover cost, " The

. importance of the cost of electricity is readily evident, representing
. 84¥ of the production cost at & mills/kWhr and T3% at 3 mllls/kWhr An

[._allowance has been made for a pover conversion efflciency of 95%, the

approximnte efficiency currently -obtalned by transformer!SCR power

supply. An efficiency of 91% might be - obtalned with acyclic de
generators.

Pable &, Plant .cost breakdown by major cost element of an. electrolysis

plant, excluding energy costs

Approximate
‘ percentage

A Majcr cost element ' o ) of total cost

‘Parts; maferiais, and equipment .

' Powér supply _ : 25
Elegtrolysié module ‘ . 33
Plunbing | _

Spares and mscellaneous ' o '3_
Ldbor and overhead ' 20

Plant supervision, operators, maintenance labor and matenials, -and
overhead all contribute to the cost of hyﬁrogen. This is estimated to be
0.96¢/1b K,, or sbout 19¢/106 Btu.

A cost credit for the sale of oxygen may be possible. Current

price of oxygen is approximately $8/ton. Since about B 1b of oxygen is

produced per pound of hydrogen, this represents a credit of 3 2¢/1b Hz.
It is not likely that this total eredit can be obtained because of the
high relative cost of transporting the oxygen to the market. The actual
credit is estimated to be between 1. 6¢/1v H, {$h/ton) and zero. In some

cases it may be possible to co-p?oduce deuterium (heavy water) and
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receive some credit against the cbst of preoducing hydrogen. In two
recent analyses3 " of this possibility, a credit range of from 0.8¢ to.
1.6¢/1b H,. was computed. Also shovn in Fig. 5 are the estimates of Ha
) prbduétion--costs for various processes using fossil fuels. 'It is of
interest to note that at the projected price for natural gas of 75¢/10°
Btu, hydrogen ecould be produced for 10¢/lb, or 194¢/10% Btu. This is
equivalent to the water electrolysis process'vith a pover cost of 3.5
mills/kWhr., Off-peak pover from nuclear power plants could be priced at
about .2 S'millslkwhr if no capital charges are included, JAt this powver
cost hydrogen could be produced for $1. 17/105 Btu.

. Ultimate potentinl. Although water electrolysis is glready a

' relatively ‘efficient process, it does appear to be susceptible to
further improvement. ‘.Iﬁ _particular, increasing the operating -
" temperature and reducing some of the internal IR losses appear possible.
As implied by Fig. b, it may be possible to attain a performance level
where only 13 to 15 k¥War/lb Hy is required. (At this low lﬁower " level,
heat addition is reguired to maintein the cell .'operating‘-
temperature. ) This represents a 25 to 2354 reduction in power -
requirement which could be supplemented by an additional 2 to 3% by
1mpr0\;eiaent in the power cohditioning system. This would mean a
-production cost reduction of as much as 5¢/ib Hp (from 14¢/1b) at a
pover cost of 6 mills/kWhr, but, more importantly, it mesns that the
power plant cepmcity and the corresponding capltal investment required.
fér & glven hydrogen capacity could be deéreased by over BbZ. Credits
aveilable  from byéproduéis,_ oxygen - end deuterium, cowld give an
additional é¢ to L¢/1v cost redurtion as indicated in Fig. S.

With . an electricity-inténsive process sﬁch as electrblysis,
considersble leverage exists in decreasing the amount of pdwer réquired .
per unit of production or in decieasing the cost of the power. Low-cost

* power as may be available from some fev remaining remote hydrselectric
sites uould seem to be ldeal for this use. Also, the use of off-pesk
pover, particularly from & future essentially all~-nuclear pystem, would
also be an attractive pover source.  The advanced cells seem to be

: régdiiy sdapt-abl‘e to.operating with large power swings {veriable cell



27

current density) and can make use of the pover when it is availsble o
dispense with it when the electrical system requires it.a's This latter
characteristic could eliminste the need for n Separate low-use. factor
system for generating pover to meet the peak demands. This
cheracteristic alsp allows electrolysis plants to be toupled with
intermittent energy eources such as solar, winds, tides, ete.

Although investment costs normelly contribute relatively little to
the total production cost of electrolytic hydrogen, with the extrenely -
‘large plants thsat may some day be required, the benefits of decreasing
the demands for limited capital rescurces could be an important factor.
As 1indicated in Table 4, over one-third of the Plant cost is in the
pover-conditioning system, and several pdssibilities seem to . be
availeble for decreasing this component, particularly with the concept
of a dusl-purpose electric1ty/hyarogen instellsation, Exemples of these
are: (1) direct generation of direct current with acyclic generators,
perhaps with cryogenic machines using some of the LH, (liquid hyarogen)
produced, and (2) using direct current as produced from soue edvanced |
generating systems, magnetohydrodynamic (MHD), thermo-electric, _thermo-
ionic, ete., or using a portion of the power frow a de long-distance
transmission line. ‘

It should be emphasized that the overall process efficiency and
cost  of pruducing hydrogen by wvater electrolysis ir closely related to
the eleétricity Production technology. Recognition uhould therefore be
glven to potential Iimprovements in the generation of electricity which
‘are currently under development, e.g., higher temperature operation,
combined cycles (both topping and bottoming), and MHD. Some of these
developments may ralse the conversion of heat to elecfricity to a level
of 50~55% and thus yileld an overall hydrogen. production efficiency of es
much as S0%.

Environmentgl and resource erfects., The main effects of the

electrolytic production of hydrogen on the environment are those
associated with the production of the electricity required. With
nuclear electricity these are primarily disposal of waste hest and the
weste fission ‘products Vand the nmining and preparation of the uranium
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feed materisl, If the witimate system resolves dovn to a cholce betveen
all-electric and electrxc-hydrogen systems, the - above-mentioned
environment and resource effects will not be greatly different {see Bec,
6, -Systens Analysis). The production process itself would most likely
_relect some weete heat and perhaps some ‘by-product oxygen, vhich is not
normelly considered a pollutant. -in'.fact, it has many pollution
'abatement uses. -

The primary netal used in the construction of electrolysis 'plants

‘ which might become of resource concern is nickel, - It is estimeted that
" the maximum ‘nickel requirement would be 1 x 10°5 1b/lb Hz2’ (as plant
__capacity) If the patural gas deficit of 1935 of 15 x 1018 f%3 were net
:'with hydrogen, the amount of nickel required would be about 3 x 1P 1b-

This may be compared vith the 1966 U.S. production of g2 x 108 lb and a‘

world.production of over 700 x 108 1v,

Platinum or palladium ‘would most likely not be required for this .

u_'applicatlon.

Safety and reli abil;tx. The _gases produced the chemicals used,
-‘aed the voltages azsociated with electrolytic hydrogen productlon plents
require e+ten£ion to well defined engineering and safety practices, The

record of the industry, with a historical background of over 50 years,

has peen excellent. Hore recently the ability to safely handlie large
volumes of liquid end high~preesure- hydrogea &nd oxygen has been
demonsirated by the space'progrem ' o

The record attained’ by installed electrolytic plants has been very

- good. In many instances the. operating time per year has epproached 95%
of the availsble (or desired) time. = The operating lifetime of =&
‘properly maintained plant is greater than 20 years.

Research and development. N Relexively little research and

" development on the water electrolysis process js currently in progrees.‘

_ Teledyne Isotopes‘ has  -research and development work in progress to
lower cell febr1catnon costs and to improve cell performance ‘and service
'lifetime. Some work on ePecialized systems for epace and submarine
applications is alsc being done although it seems unlikely that much of

Fcrmerly the Allis Chalmers Advanced Electrochemical Products
Department —-acquired by T. I. in March 1971.



