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ADVANCED POWER CYCLES

Responsible Cadre Member: David 8. Gabriel

Report»?rebared;@y; G. Newby, I. Helms, M. Farfél, b. O'Riordén,

D. Gabriel

Scope: The attached report (a) briefly considers the importance
of advanced power cycles in economics and conser#ation,

(b) reviews and summarizes Ray report recommendations,

(c) reviews status of technologies, (d) reviews FY 74 and 75

T oo - . - 1 y
pudgets to extent pcssible, and (e) presents preliminary program

issues, cptions and conclusicns.

Al orat F e, - s e Ea .
Budget Analysis:- Significant budgetary problems are summarized.

~

$ Millions -

5. Government

FY 74
FY 75

28.0 (Includes DOD, HASA)

3)
U.3. Government 29.8 (Exciudes DOD)

Our estimztes for Ray Report 57.0
Program - FY 75

Funds Recommended in Ray

Report - FY 75 to 79 Los.0

Funds Reguired to Acccmplish

Ray Report - FY 75 to 79 650 to 1200

NOTICE
Thiz yeport wes prepared as za aczoumt of work
spapsored by the United States Government. Neither
the United Stites mor the Unfted States Energy
Rescarch and Development Administration, nor any of
their employess, nor any of their contractors,
subcontractars, or their employess, makes any
warmnty, exprosc of ymplied, oy assumes any legal
lizhility or responsibiity for the accurcey, completeness

ar wesfulness of any nformation, spparsim, product or
pracest disclnsed, or represents that its use would not
infringe privately owned rights.




Tentative Conclusions: In relation to the program content

on conversion in the Ray Report, program planning and budgeting
is a mejor problem. The future significance of the work has
not been properly recognized and a practical plan consistent

with budgetary constraints has not been developed.



I. BUDGET ANALYSIS

A. FPROPOSALS -~ PRESIDENT'S BUDGET

L review of the funding chain of events from ﬁhé receipt of energf
proposals by the Panel on Conversion lechnvques to the amount
included in the Pr e51dent's ¥Y 75 budgeu, 1ndlcates that the
program proposed in the Ray report cannot be accomplished

within the dollar limits recommended. Table 1 compares the

various budget amounts (including our estimate of amounts for

H

Y 7 ) reqguired to accomplish the Ray report. Table 2 shows

sim

}-(

5
iler deta for the five-year péfiod FY 75 - FY:79.

In conducting this review, includiné looking at the basis in l-ded
in proposals, drafts of panel reports, etc., it is our view that

& razlistic estimate of funding directly related to the Ray

report program content and schedule was_not done. Qur guess is

that to accomplish the objectives stated could require a factor

of two over the dollars shown in the Ray report.

To periorm the program requires funding around $50 to $60 millio
in FY 75 and would cost in the range of $650 to $1200 million
over the 75- 79 period. Our estimate of the program recommended

by Dr. Ray assumes that a "single source of supply” would be
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the different technology areas, i.e., no parallel

forts on the same technologies. It should also be made cleaxr



Table 1.

High Temperature Gas

Gas

Turbines

(Includes

HTGR Helium Turbine)

MHD

Potassium Toﬁpjng Cycle

uel Cells

Advanced Concepts

Total

FY 1975 Funding - Advanced Power Cycles (In Millions)
A B C D B R
1 1 Req'd To
Proposals Panel English™ Ray Report’ Presldent's Accomplish
Submitted  Spread Report Cadre Assn. Report Ray Report
78.5 34-83 15.0 18.3 28
1 2
3.7 20-35 10.0 12
7-0
15.7 h-7 3.0 5
33.5 13-31 5.5 5.5 10
8.3 5-10_ 2.0 2.0 2
76-166 35.5 32.8 29.8 57

L Coal gasification, waste fuel and enabling technology deleted to be consistent with

cadre assignment.

. To meet USSR commitment on MHD would require an additional $6.5 million.
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Table 2. TFTY 75=79 Funding

A
Proposals
Submitted
High Temperature Gas

Turbines ‘ 1300
MHD , - 600
Potassium. Topping Cycle 420l
~ Fuel Cells 4110
Advanced Concepts 40
Total , o 2800

1

B

Panel

Spread

375~1200
143-349
60;1022

116-205

25-50

719-1906

Included demonstration plant after pilot plant.

C

English

Report

205
95
65°
80

10

W75

Advanced Power Cycles (In Millions)

D

Ray

. Report

315

90

80

=
o

495

E
Req'd To
Accomplish
Ray Report

315 to 600

80 to 200
90 to 2007
130 to 150

25 to 50

640 to 1200

2 Demonstration plant estimated at $335 million is not included in'75-79 estimates.



that significant additional funding past FY 72 would be reguired

to achieve the end point objectives leading to commercializaticn.
The increase of approximately $27 million over the President's

FY 75 amount gouldApossibly be reapplied frémAenabling technology

efforts and funding and basic research areas discussed later.

B. ALLOCATION QOF FUNDS BY AGENCIES

We hzve attempted to evazluate not only the application

o
1

funds

e}

by techriology to be pursued but also the allocation of funds to
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vely utilize existing Federal agency capabilities. Table

3 provides the FY T4 and 75 estimates by agency included in the
P
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It should be noted that increases in FY 75 over FY T4 are in-
significant. In addition, it appears that much of the capability
that exists in NASA and DOD in the advanced power cycle area has

not been incorporated into the agency allocations. Although the

DCD znd NASA funds might be directed at applications which are
not directly transferable to terrestrial civilian epplications,
the reseerch

rch being conducted is the only research underway in

some ceses and is very basic to advanced power cycles in the

fieléds o

Fh

MED, turbines and fuel cells.



Table 3. Advanced Power Cycles ~ Funding By Agency (In Millions)

Cadre Tstimate

of Government e 1 .

Fanding President's Budget

Y T4 O TY 74 FY 75

AEC ‘ | 1.5 . .7 5.8

D.0.I. 11.0 ' 11.0 14.0

" NSF 3.2 | 3,2 | 10.0
DOD - 10.1 ' - -
NASA . 2.0 ' - -

Total . - 280 1.9 - 29.8




-6 -

Teble L further expands the amountg shown in the President's
budget. We have assumed a more detailed brezk thaen we actually
neve datz for. We believe that the total amount for gas turbine
development is now allocated to the helium turbine for the HTGR.
The zssumed breazkdown 1s based on the relative emphasis provided
OMB by D.0.I. and NSF in their comments on the Ray report and their
respective energy supplements. Without detailed data on the NSF
budget to confirm it, we believe that the NSF allocation as
stated in FY 74 and FY 75 includes other eareas than advanced
power cycles. We believe that funding shown for NSF wzs based

on the total NSF request for improved efficiencies and included
in addition 1o advanced cycles both automotive power systems and
'energy transmiséion and storage systems. Our estimates take this
assumption into consideration, as well as our belief that other
azencies should be assigned technology areas ﬁo assure continuity

of programs, take adv antage of existing capabili

d-

ies and fzcilitie

o)
]
0.
'1

gceive most effective output of limited funding.

C. OTHER FUNDING COMPLICATIONS AND POTENTIAL
SOURCES ENARBLING TECHNOLOGY

Poth the English r epo rt and the Ray eport in _uded in the energy

—_-_5

conversion area fund for enabling technology ln the amount of $2.0

million in FY 1975 and $2.0 million/year over the period of FY 75-70.

This enabling technology was primarily supportive of advanced

-




Table 4, Advanced Power Cycles -~ Cadre Estimated Breakdown of Funding

President's Budget

FY 74 FY 75
AEC .7 5.8
“Gas Turbines 5.0
{ MHD
Potassium Topping Cycle
Tuel Cells
Advanced Concepts (Thermionics) 7 .8
D.0.I. (OCR) 11.0 14.0
Gas Turbines 1.0 1.0
MHD 5.3 9.0
Potassium Topping Cycle 1.0 3.0
Fuel Cells .5 .5
Advanced Concepts 5 .5
Other (Eval., Analysis) 2.7 -
Advanced Cycles -~ Fuel Cells, Potassium Top- 1.3 2.3
ping, etc. ‘
Advanced Auto Propulsion ‘ - ‘ 1.2
Energy Fuel Transmission Storage ' 1.9 6.5

DOT, NASA, DOD-ONR funds potentially related to this category are not
included. _ , .




pover cycles. Effort was to be directed in materials R&D
focused on high temperature aspects of material performance in
specific applications. This enabling technology is an im-
portent link between development applications and multi-
directional bzsic research and is nécessary to support the ad-
vanced cycles area. It has not been included in the cadre

zssignment of funds, and it is questionable whether it was in-

clu

(o]

ed in the President's $29.8 million emount for improved
conversion efficiency. We believe the $2.0 million per year
has been included in the cadre assigned Fossil Fuel-Advanced
Technology. It is important to integrate the enabling tech-

nology efforts into the advanced power systems to achieve better

utilizaticn for the research and technoclogy areas pursued.

D. SUPPORTING PROGRAMS

The Ray report and the President"s FY 1975 budget identified
funding for supporting programs in addition to the energy research
and developmént'program. Under these supuvorting programs, basic
research related to energy is included in the President's budget

at a level of $175 million in FY 1975. These funds are allocated

o AEC - $60 million and NSF - $114 million. It is our guess from

I.h

eading through the various press releases and budget submissicns

on energy supplements to OMB thet approximastely $5-10 million of
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each agency's research prbgrams is related to bgsic materials
and chemical research associated with MHD, turbines and fuel
cells. Because of the research and technology nature of the
bulk of the programs included in advanced power systems, 1t is

S oL

ifficult to distinguish between the basic research included in
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necessary and closer interfaces established in the planning and
execution phases. It may be advanbageous to either transfer or

direct this basic research to the development/application area.

E. FUNDING PARTICIPATION BY INDUSTRY_'

In the Ray report it was estimated that industry participation
would approximate three times the Government‘s investment in the
conservaﬁion area to meet the short term’objectifes (to 1985).

It was estimated that approximately a one-to-one ratio of par-
ticipstion between industry and Government to meét mid~term ob-
jectives (1985-2000) would materialize. As thé bulk of the ad-
vanced power systems proposed would not achieve cﬁmmerciél opera-

tionzl status until after mid-1985, we believe that industrial

o)

articipation during the FY 75-79 period will only approximate

)

30% of the Govermment's participation. Our estimate of industrial
investment over the 75-79 period is shown in Table 5. Our review
zssumes this participation by industry is necessary to achieve

the objsctives of the Ray report.



FY 75-79

Table 5. Advanced Power Cycles - Expected Investment By Industry

High Temperature Gas Turbines

MHD

Potassium Topping Cycle

Fuel Cells

Advanced Concepts

Total

$ In

35

20

10

100

o

170

% of Total Low Range
Government Punding

12

20

11

10

0]

=

Avg.

26

-OT—-
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TTI. CONSERVATION AND ECONOMICS OF
IMPROVED CONVERSION METHODS "

A. DISCUSSION

The conservation and economic benefits of improved energy con-

version have been examined on a preliminary basis.

Flgure 1 shows the potential contribution which improved effi-
clency in all consuming seciors could make to fubture energy

requlrements.

It 1s seen that improved efficiency could nearly halve the needed
expansion of fuel supply if about 15 percentage points of effi-

ciency increase could be obtained for all energy uses. The

m
-

ectricael utility portion of this in the latter time period

will be of increasing importance because thisiéector will approach
50% of the totel energy consumption by 2000 A.D. As a conse-
quence, from about one-third to one-half of thevpostulated gains
from efficiency would come from the electrical tonversion

sector. Utilization of waste heat could,supply 8 portion of

the gain if it comes into widespread practice. - waevef, the

principal thrust of this exercise was the investigation of the

2l
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N
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ct
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Q
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ciency improvements in the mein conversion methods

MHD, fuel cells zs turbines, ete.
s s & P
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From reference to other studies of the overall energy problem,

|=re

t appears that electrical sector can respond to the improved

efficiency needs as strongly as any other sector..

=

‘'his is not to say that efficiency shdu}d be thought of in lieu

h
4]

o n expanded fuel supply base, but rather as.an'augmentation
which would help achieve our goals of self-sufficiency sooner
and on & more defensible basis with regards conservation and
other relatsed issues. A major aspect of this is that a short
gll in any of the planned fuel supply sectors_céuld be made
up for by improved use of the fuel that is or Wiil become '

evailsble,.

£ scoping economic analysis has been made of the fuel con-
served and the discounted economic henefits of the fuel saving
het might be obtained by implementing more efficient energy

conversion methods,

The summary results of this study are shown and indicate that
th2 implementation of improved methods would allow the nation

to resums a 50~year trend in electrical conversion efficiency

improvement which has apparently just now about peaked-out

I=te

ac indicated in Figure 2. The economic benefits of doing
scmething about this have been investigated. It has been
found that the implementation of advanced conversion

zlong the general lines that have been considered in
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the Ray report for the electrical utility industry has a
potential between now and the year 2000, conservatively esti-
mated, for saving an amount of fuel equal to five years supply

OX

o
ch
1.'-
‘-l
IJ-
ct
S
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S

el at present use rates. The value of this fuel

at 1973 prlces is about 50 billion dollars.

This economic question has been further inves 1gaued as to the
economic benefits as determined by using the social discounting
process which is currently being used to measure. whether a pro-
posed development program is worthwhile. Using:g“high social
discount rate of 10%, the analysis has shown that:the.discouﬁted
economie benefit-greatly exceeds the devélopmeni-costs even when
evaluated using 1973 fuels prices. As an example, the annual fuel
_save& by the use of improved energy conversion me%pods in an over-
ell program having a 6% annual growth rate of eleé%rical capacity
is shown in Figure 3. Figure L shows the discoﬁqted present
valug of such savings for %ariations in growth rate. Figure 5
shows the beneTits in "present values" of speedi Dg up the change
to improved efficiency or aWuernatlvely the 1055 O' "present
velues" which would be caused by delaylng the 1mpleme tion of

more efficient electrical power plants.

Thus, there is considerable urgency involved in thi area. Since
the development cost of threse advanced copvevs1on methods
eggregate about a billion dollars, these economic benefits which

ave been shown are unusually high for this tjpe-bf economic
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investigation since the discourited benefits faf exceed the
discounted development costs. PFrom this it is_COhcluded that
the economic climate for these developments_wili.be exceedingly
good in general. Specific proposed programs will require
detailed analysis of this type, and it is likelj that thé

benefits of doing the various sub-programs will vary considerably
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B. CONCLUSION

Tt is believed that this area of improved energy conversion is
one of the most favorable areas for a conservation and economic
payoff. It has not been the intent in this exercise to evaluate
the exect ways of doing this nor whether this conversion effi-
ciency areaz should have more emphasis than other areas such as

s

thetic fuels, fuels independence, expanded coal use or other

K

conversion measures, etc. This analysis does show, however, the
the conversion efficiency area has not had the emphasis that
it deserves and which may be essential for achieving our energy

gozls and of mainteining our energy intensive society.

&
[
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III. ADVANCED POWER CYCLES - ANALYSIS OF
THE RAY AND SUBPANEL VI REPORTS .-

There are two basic methods for improving the utilization of the
fuel used in power plants. One method is to iﬁbrease the effi-
ciency of electrical energy production planté.:‘Ahother is to

develop techniques for using some of the heat currently rejected

zs waste for processing or space heating purposes. The Ray and

conversion subpanel reports address both of thesé-goals.

The Ray and subpanel VI reports addréssed the goé; of increasing
the conversion efficiency of fuel energy to e;ecfricity by
selecting those conversion system technologiesjthe subpanel
members considered most promisiné in the foreseéable future and
by structuring very general development and dembnstration pro-
gramg for each of them. Emphasis was placed on!each selected

arez in accordance with & general set of priorities assigned

ot

o them. The selected technologies and priorities for each are

<t

]_l
e

sted on Page of the subpanel report which iﬁ'included as

3
Appendix 1 to this report for reference purposes. .

0f the technology areas listed on Page 3, low BTU gasification of
cozl, use of solid waste as fuel and enabling technology have been

zssigned to others for implemsntation planning purposes and will

I

ot be discussed further in this report. While grossly over-

n
e

mplified, the benefits identified appear somewhat conservative



when Judged in the light of the anglysis discussed earlier

in this report. Several of the conversion systems proposed

for devélopment conceivably could be used eiuher as primary .
electrical power éeneration units or in & topping cycle with

other systems such as the conventional steam cycié central station
power plant. Gas turbines, MHD generators or thermionic con-
verters could bé.employed in either of these ways, for example.
However, if not used as topping cycles, the conversion system
must operate at temperatures hundred of degrees above present

dey technology in order to achieve reasonable conservation

efficiencies. Development and implementation of-these very
high temperature systems would result in significant improve-
ment over the current utiiization of fuels and will greatly
reduce environmental heat locads. They may also have economic
adventages, but this can be determined only after there are

good data on construction éperation and maintenance costs for

the perticular system selected. Taopping cycles appear to be

most attractivé when the thermal energy rejected from the topping
cycle can be iecovered by a2 more conventional-cycle; the combined

efficiency of both cycles is greater than either cycle alone -

overall efficiencies of 55 to 60% are possible.



pottoming cycleé are & way of converting low temperature heat

to electricity by using fluids which boil at a.lower tempera-
ture thén water. These cycles have signifiéaﬁqe not only for

the bottom end of.power plants to recover diécharge heat, TuT
elso for zpplications such as geothermal or soia;isystems at
temperatures to 300 or &OOOF. bhdded to conventiénal steam
systems, they permit additional energy recoverj,of a few per-
centage points and alilso avoid freeze-up problems if.dry cooling
towers are the means of heat rejection, but added to a gas tur-

bine discharge, an additional 10 to 15 points can .be recovered.

Fuel utilization can also be improved by recévefing and
utilizing heat as heat rather than to do work in & conversion
"eycle. The héat normally rejected from small high temperature
gas turbines, modular fueivcells, and other elécﬁrical generat-

ing systems can be recovered as hot air or steam for space

jng
(€3}
Ayl
ct
{-ts
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g, or process heat, etc. Such "total energy" systems can
result in 70 to 80% utilization of the energy-contained in the
fuel in those applicaitions where ideal balance between both

electrical and thermal energy requirements can be realized. In

o

rost applications the utilization will be reduced, depending

on the degree of mismatch between supply and load, but the net

zain in fuel energy uwtilization can be enhanced by-about 20%



over single purpose uses, meking total utilization around

55 to 60%.

A brief description of the basic principles of each of conversion

systems identified -in the Ray and subpanel VI reports is in-
cluded in Appendix 2. The following is an analysis of the
primzry development problems and major tasks needed for program

h of thess conversion technology programs.

1. High Temperature Gas Turbines

The Rey and the conversion subpanel reports identify three geas

turbine development programs as follows:

-

z. A 100 MWe combined-cycle demonstration plant by 1979

9.
b. A combined electrical (1 to 3 MiWe) and space heating system
for use 1n large buildings, housing dévelopments and industry

- e

as & "total energy" system.

c. A 250 MWe helium closed-cycle gas turbine and component

development and test facility (identified as 750 MWe in- the

Ray report).

3

his program would be for conversion hardware

that would operate in the High Temperature Gas Cooled Reactor
(ETGR) .
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The first of fhese programs is & low risk devélbpment effort
but with total costs projected to ruﬁ to several hundred
rillion dollars. The Jjustification for government support is
primzrily that it will accelerate the time when'the high po-
tential efficiency of such combined gas turbigé'steam power
piznts will begin to be utilized in utility systems. Its
success depends on much higher than present o?erating témpera-
tures and on the introduction into commercial use. of low BTU
gas or an acceptable clean liguid from coa;. These fuels are
planﬁed to be developed as az separate part of fhé national
energy program. They are included in the reviewiof the direct
cozl combustion cadre. An alternative approach WOuld be to
conduct the needed technologies independentlj of -a demonstra-
tion plant program and depend on ihdﬁstry to iﬁcd;porate the
developments into new or upgraded ceﬁtral stéfioﬁ plants as
they becoms zvailable. Unfortunately, the efficiency of the
ccal conversion step is only about 85%. Other than the need-
for a suitable clean fuel suéply system, the ?riheipal new
technology needed is that required to raise the turbine inlet
temperatures znd thus the combined cycle efficieﬁcy above

aoproximetely U40% presently eschievable (not counting the loss

e
jou
ct

he cozl conversion step). Higher efficiencies will be
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possible with either improved blade cooling methods or develop-
ing ceramic rotors and blade and nozzle materials capable of

operating at approximetely 2500°F gas temperatures.

The development plans-should also recognize that gas turbine
cycle performance and operating reliability are dictated to

a high degree by tle integrel p crmance and reliability of
the high temperature heat exchangers and the control system
(including the instrumentation and valves employed). These
components, particularly the high tempefature elements sub-
jected to cyclic thermal and dynamic loading account for a
lerge part of the system development costs. The plan must in-
clude extensive heat exchanger and related ducting brazing,

welding and assembly developments supported'by associated

materials studies and evaluations.

While not a2 part of the advanced cycles area:'fhe overall energy
program should also include development of alternate clean
combustion processes for using various types of cozl and shale
dirty" fuels. From the point of view of advanced cycles,
oth fluidized limestone bed and pressurized combug@on systems

should be developed. The latter will

H
I_h

acilitate more compact

boilers and turbine systems to be developed and utilized in

advanced conversion systems. In addition, they would enzble
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reductions in plant and eQﬁipment size with asééciated cost
reductions. Devélopments_should also take advaﬁ{age of the
current aircrait turbine engine technologies_whi@h are present-
ly cepable of operating in military use for shért_periods.at
temperatures dp to EBOOOF under full DOWEY condiﬁions and
approximately 2200°F ﬁnder sustained lcads. The lifetimes of
these units are cbnsiderably less thah ﬁeeded.for conventional
purpoges, and these temperatures are, of courée,‘inappropriately

high Tor conventional purposes without considerable develop-

ment.

i3l

or the total energy systems, a technology base already exists

for designing the one to three MWe combined electrical and

juy

eating units. The subpanel's rationale for'?@is governmeﬁt
program was apparently to accelerate the intrdduétion_of such
plants into the commercial market. The al@e:ngtive exists here
also to walt for the increasing cost of fuel:tb,inéuce in-

dustry to undertake the engineering, manufacturing and market-

e

ng of these systems. Such an approach would redquire that the
government structure a program to increase the industrial in-

centives to undertake the reqguired developments.
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The program to develop the 250 MWe helium turbiné will be

implemented under the ongoing AEC program and, therefore, is

ot 1s¢ussed in detail here. 1Its development will permit

3

the HTGR power plant, operating with a direct cycle turbine
conversion system, to be operated with dry cooling towers

:

nd thu

o
0

in locations without need for large cooling water

supplies. More important for energy conservation, they can

A1l of the gas turbine programs would benefit from the sup-
poriing research activities that should be conducted simulta-
neously with their development. The following is a tentative
*1ist of these resezrch needs:

o Blade and rotor materials development that will with-
stand corrosion and erosion environments at temperatures
from 2000 to 3OOOOF. These materials should withstand
the pressures and stress conditions for efficient turbine
operatlons over the full range of load conditions.
Promising materials being studied and characterized in-

5

clude fiber-reinforced ccmposites of silicon carbide

coated boron fiber and carbon fiber reinforced structurasl

ceramics.
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o Corrosion and erosion resistant coatings must be

systematically deVeloped, studied and characterized.

o Stable fuel combustion nozzles and chgmbers should
be perfected that will handle a wide variety of im~

pure fuels over all operating ranges and cohdi?ions.

for high tempera-
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ture ducting nozzles, control vanes, blades and rotors.

o TImproved oxidation resistant and lower cost alloys -

should be developed and fully charactefiiedﬁ

0 New zlloy welding and brazing and joining and other

fabrication methods will be needed. -

o New fuel ¢atalysts are needed to improve combustion

“J-

efficiencies and assure more uniform chamber tempera-

tures.

The tentative conclusions which are drawn relative to the gas
turbine conversion developments are the following.

a. To achieve combined cycle efficiencies. approaching

~ . o) . .
50% reaqulres 2500 F combustion turbine temperatures
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which are not yet achievable for utility applications.
Ceramics for the high temperature compoﬁents or im-
proved blade cooling techniques are reéuired. Open
cycle unité must use clean fuels made from coal with
2 loss of 15% or more in conversion. Therefore, the
magnitude of contribution to the national goal of in-
creased'conservation of fuel is uncertain and might
be too small for the investment required.l However, if
low BTU gas is available in large quantities at com-
parative prices, the system will be desirable for
_eakingAand intermediate loads even i1f the systeﬁr

efficiency including coal gasification is only 40 to

Lgg,

b. Closed-cycle helium gas turbines for HTGR‘é will operate

a2t much lower temperatures (because of reactor tempera-

ture limitations) tﬁan combustion turbines and need

neither the high temperature materials dé?elopment nor the
low BTU gas supply. Although high efficiency in the
nuclear system is not as important as in a gas or oil-
fired turbine, clcsed-cycle HTGR's will need energy
recovery from a bottoming cycle to attain higher efficiency

than the steam cycle used on present-day HTGR's.
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Bottoming cycle development funds are not now included

in the advanced cycle budget. .

c. Small ﬁ‘otaW energy" systems for heat andlélectrical
service make good sense frdm'a consér%étion standpoint
but only if they can be run on coal derlved energy.

If low BTU ges or fluidized bed combuctlon can be
adepted to ubese systems, they are canabTe of about
20% higher overall efficiencies than & single purpose

steam plant.

2. Potassium Tonping Cycle

The conversion subpanel report proposed & progtam.for the
potassium—steam-binary cycle which is directed towards a 300
Mwe central station demonstration power-plant by 1985. The
topping cycle in this plant would consist of fﬁfee potassium~
turbine generator system modules, each with 30 MWe cépacity;
(The steam portion of the plant would geberaue 210 MWe). The
initial effort in the program would be the develonment of a
30 MWe potassium cycle module, the first of whwch would. be

plzeed on test in 1979. -

The technology base upon which this program was based wa.s

velovred in the space program. Two 300 KW capacity potassium

-
L

urbinss were operated successfully for more - uhan 5000 hours
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ezach along with tests on the essential components of the bollers
and condensers. In addition, severai thousand houfs of loop
mzterials testing were completed. As a result, there is high
confidence that the predicted thermsl performance can be

achieved. This program was zlso supported by approximately

-
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B
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ollars of base technology work conducted at ORNL

and NASA during the 1960's.

E signi;icant advantage of this cycle relative to the gas tur-
bine systems 1is its lower peak opéréting temperature. A furnace
gas temperzture less than 2000°F is adequate to generate'vapor
‘a2t 1600°F. At these temperatures, the developmént of reliable
low pollution combustion processes shogld be greatly simpli-
fied. Furthermore, the lifetime of the boiler may be sub-

stentially increased with commensurate cost savings.

The primery technical unceritzinties are those related to the
long-term meintenance and operating costs aséociated with high
tempersture potassium systems and»the large uncertainty of the
initiel capital costs for such systems. Ldditional development
work is needed on the potassium boiler, the condenser-steam
generator and seals in the potassium turbine. .0f particular
concern are the combustion gas side corrosion rates associated

=

;ith the fossil fuels that will be used in the combustion furnace

-l
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of the potassium boiler.

The program is currently supporfed 5y_NSF at ORNi at about
$500K in FY 197L.. This work is for the design, fabrication
and testing of a full;scale potassium bpiler tﬁbé.bundle and
burner module. OCR is simultaneously épdnsofing.a $100K
central station conceptual design effort at GE with the NASA
Lewis Leboratory serving as_the Headquarters{ contracting

and manzgement agency.

Tentative conclusions drawn for the potassium rankine combined

cycle are the following:

2. The technology base existing for this program is sufficient
‘to assure that the technical goals can be achieved with a

reasonable level of confidence.

b. The primery problems that need to be addrésée@ are those
to identify the capital and operating cbsts thét will be
zssocizted with these systems and the specific déta for the
dezign of the long-life, high-temperature pofaséiﬁm.boilers,

condenser-steam generator and turbine.

¢. The low development risks and modest costs, along with the

relatave high benefit, result

'_-I .

14

‘]3

dequate justification to

nua an aggressive development effort.

1ld

cont
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3. Megnetohydrodynamic Generators

The conversion subpanel report recommends accelerated develop-
ment of both the open and closed cycle MHD concepts and places
emphasis on the former. The proposed program is directed.to-
wards construction of 'a coal-fired open cycle deﬁonstration
plant that would begin operation in about 1987. The closed

cycle efforts are focused on proof of technical feasibility

o
s
ct
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n of prototype systems. The generator and
material test facilities will requife approximately 60% of
what the panel recomménded for FY 1975 through 1979 funding.
In addition, emphasis is placed on conteining the ongoing
cooperative program with the USSR. This primerily involves
the development, installation and test of generétor and magnet
components in existing USSR facilities. However;'it is not
clear that funds for the USSR program were included in the

funding proposed.

The conversionAsubpanel repcrt recommendations were apparently
gignificantly influenced by staff opinions held within the
Department of Interior. Evidence for this is the similarity
of the program approach outlined in the Advanced Power Con-

am Report dated December 13, 1973; prepared by



33

the Advanced Conversion Task Force established by Department
of the Interior. This réport recommehds heavy'emphasis be
placed on MHD development relative to éll other conversion
technologies combined (i.e., $20-million out of $33.5 million
identified for FY 1975 in their reporu,. The MHD section of
this report provides in signif jcant Getail the elements of fhe
currently planned national MHD program effort and is therefore

inciuded in the report as Appendix 3 for reference purposes.

To develop MED generators, the funoamenuaW physics and chemwst

of seed and high temperature plasma impurity attack of the

I-is

ulato orz, electrodes and duct materials must be thoroﬁghly
investigated. TFor most of the candidate materials, the re-
auired data on the mechanical, electricél,'and chemical pro-
erties does not exist. It is theréfore now pqgsible to make
projections wit L reasonable confidence of the efficiencies,

1ifetimes or c

[®)

sts that can be achieved. Iq¥genéral, it

appears quite apparent that insufficient basi@{work has been
done to Jjus tifg proceeding into the ekpensive'hérdware design
congtruction and tes% phases of these programs,és proposed in

the DOT report until the following types of questions can be

more adeguately answered.
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o VWhat is the generator duct life and what requirements
need to be met to permit duct design and materials that

can eventually result in an economic plant?

o What will be the total cost, both capital and operating,
of the resulting MHD plant concepts? This must be
answered considering the new innovative materials,

superconducting magnets, high power solid-state inverters

and high temperature clean-up systems needed.

o What will be the effect on power cost produced as & result
of the various subsystems reaquired to assure that
successful plant performance is achieved? This must be
well enough understood to assure reasonable provisions

cen be made for both cost and reliabllity considerzstions.

It is likely therefore that consideration will be given to
restructuring the subpanel program to cne where additional

™y
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zrch and development be undertaken to greatly strengthen the

currently existing data base needed for MHD system design.

The work shouid be pursued to the point required to permit
reasonzble MHD system concepts to be defined that have the

potentizl for ultimate economic sa:

]

4
(

rvice after development. This
plan would significantly reduce the current high risk of westing

development funds on dead-ended approaches or concepts.
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The MHD development program has been evaluatea ﬁy competent
technical people at Westinghouse. for over le&éarsf They have
provided comménts‘on the recommended subpanel'MHb development
zpproach. The Westirghouse staff proposed aﬁ alternate_program
plah approach which should be considered in anyzfeassessment of
the MHD program. They also. favor the open cycle concept in
which a high temperature conducting plasma i$ passed through a
cuitable generating duct. Since the performagée of this duct
is probebly a limiting feature in evélving a pfaétical MHD

ey:tem, the initial efforts would be concentrated in this aree.

The proposed Westinghouse approach which we believe should be

carefully evaluated is the following:

z. Open Cycle Generator Duct R&D -

FHASE T - The design and construction of a smali.test duct
including fuel sﬁpply, magnet, air pfeheater, and
scrubber, soO that the duct can be ﬁestéd. Simultaneously.,
work should be done on promising high:temperature side-
wall, insulating, and electrode materials. The
eveluation of plasma electrical condudtivitj in separate
experiments should be cdrried out. This work might

be completed by the end of 1975.
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Based upon the studies completed in Phase I, a2 larger
duct should be constructed in order to evaluate iife,
cost of construction, and scaling laws.- This duct
could then be subjected to extensive teste, hopefully
in a pre-existing facility, in ofder to evaluate the
peiformaﬁce and compare to predictions made during

Phase I.. This program could be complete by 1978.

with the work proceeding on the duct, the follcwing

ms would be implemented:
ting Magnet Development

L one-year design end feasibility study would be under-
iakén to determine the proper superéonducting magnet
desigq, insuletion system, refrigeration requirements,
and performance characteristics that could be used in
conjunction with an MHD plant. Phase I could be

completed, if initiated early in 1975, by mid-1976.
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PHASE ITI - Constrﬁction and prooftesting of the SQper-
conducting magnet sYstem. A supercénéucting
magnet suitable for use with an MHD generator
would be constructed and tested. Lhe size of
the mégnet should permit'scaling to the larger

size required for a demonstration plant.

b. Inverter Development -

PHASE I =~ Durlng Phase I, which could be lﬂltl&ued as late
as 1975, an inverter des1gn wouTQ be deveTopea that
could be used in conjunction with a mdderately-
sized demonstration MHD plant. .

PHASE II - In 75 77, an inverter module would be built and

tested to determine performsnce chardcteristics

and projected costs for an MHD plant.

¢. High Temperature Gas Clean-up

Ln engineering study would be initiated %o deéign a high tempera-
tures gas CLean—uo system suluabTe for use with coal It ig
recommended thet this study be initiated in 1975 Particulate;
S0, and NO removal will be required, and the sy;tem should be

developed and tested before 1972.
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d. Systems Study
4 gystems study should be initieted with the ultimate objective
of building a 50 to 150 MW electric plant. We would expect

he systems study to proceed over the period 197L through 1977,

factoring the input from the various programs described

A+t the conclusion of the re

m

garch and development progrem
described, and providing the data obtained indiceted that an
ffective MHD demonstration plant could be built, the

demcnsiration plant could be designed and constructed.

The tentative conclusions which are drawn relative io open cycle

MED development are as follows:

a. WMYD gas, open cycle, combined steam plants have the theoretical

’...l

tentia

s
0

for overall cycle efficiencies up ©o 60% and, impor-

tantly, to handle "dirty" fuel.

b. An established and vigorous ongoing program i1s already in
being both in USA and USSR. Even the most ardent advocates,
however, would zgree that plant efficiencies of -~ 50% ars most
likely at first and that 1/2 villion dollars over the period up

to 1985-9 will be reguired itc achieve that level in commercial

}.h

applications. It is not difficult to fcresee perhaps a b

dollars. There is controversy about how the program should
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proceed - some advocate going directly to 1arge'(10's of MW)
t plants - others to conduct component uechnology prior to_
t plants. . Some suggest a national lab, others to do work
et existing locations. All advisors take stréng.stands that

work must be augmented.

temperature fuel cell, for instance. It is not a modular de-

vice and must be developsd on large gcale: Tﬁéféuare many
component technologies not yet esﬁéﬁlishéd.i One can conclude
that for what is likely to be a billion dollar ;120-year effort,
the mezgures to be taken are to (&) encourage and support the
continuation of work already started with redirection to blend
th other work; (b) establish & national laboratory to engage

in research on the fundamentals and to guide the government's

ct

r

g
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icipation; and (c)»proceed with large ééalé integrated ex-

veriments only after confirmation on components testing.

G. The present program in the government probébl& runs
(excluding military) eight mlllwon dollars. *The ﬁresent ERDA
plan combines MHD and potassium vapbr funding;?'”he MHED program

support should be ten to twelve million dollars pnr year.
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The tentative conclusions that have been drawn relative to

the closed cycle MHD conversion system are the fdilowing:

(2)

Closed Gas Cycle MHD -

The closed cycle (He; Cs) MHD is a competitor to the
closed cyclé ges turbine. It needs a He temperature of
epproximately 2500 to 3000°F, whicn is probably an
easier duty then the 2500°F gas turbiné.‘ It appears to
have an ultimate pqtential for about 55% efficiency in

a combined steam plant and would reguire combustion ges to

-He/Cs heat exchanger to use "dirty" fuels. It probably

requires a ceramic hest exchanger. TFeasibility has been

. demonstreted for a linear generator in a program conducted

to General Electric and apparently by others in shock

tubes. This cycle needs low pressure to achieve unequilib-

rium excitation of electrons.

This work is in the early technology phase and should be
continued in that mode. Since there is much commonality
with open cycle devices, but without the slag ang extremel&
high temperzture problems in the ducts, a decision to
proceed with development of the closed cycle system at

some future time could rely heavily on open cycle
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technology in many areas. Use of "dirty" fuel again is
heavily dependent on conductor research anﬁ'beat éxchanger

research carried in other programs.

b. Closed Cyele Liguid Metal MED -
Liguid metael MHED may ultwmauely Obualﬂ an overall cche efficiency

zs hig 55% but at much lower uemnaratuves (furlSOO ¥) than

N

h &
ny other MHD system. ts heat exchanger problems, etc., are
thereiore corréspondingly simpler. However, knoﬁledge of
performance 1s presently cursory -~ glowing prediéfions aside.
This tec hnolo zy is also in its early Quages and. should be con- .
tinued as such to let it run its race with closed cyele MHED
and thermionics . Decisions between those candidétes and open

cycle MED can probably not be made in less than several years.

L, wuel Cells

The Rey and conversion subpanel reports pvopose a fue; cell
program which augments an ongoing industrial déVelopmen Lfort

2t 2 level of roughly 30% of the total industrial investment

n this technology. This latter effort is'primarily one being
conducted at Fratt and Wnitney Aircraft Company under a broadly
based combined utility and company-funded program at about

$15 million on the acid hydrogen fLel cell concept In addition,
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EPRT is sponsoring advance fuel cell research at a level of
zbout $2 million per year. The subpanel report also cites a

methyl zlcohol cell effort being carried at about $2 million per

year.

Based on the overall high potential of fuel cell technology to
me¥e mzjor contributions in many energy cohversidn applications,
this appears to be a very modest pfogram. An important contri-
bution which ERDA could make to thié effort would be to provide
a centralized‘and coordinated balanced development effort on the
more advancedrand higher performance sysﬁems. Qverall, thé
program recommended by the subpanel seems well;structured. The
-primary problem areas on which research and development should

focus in implementing this program are:

@]

prohibitively high cost of low temperature electrodes

because of the need for an expensive platinum catalyst.

o eapplication and materials problems of high temperature

fuel cells using molten salt or solid electrolytes.

o corrosion and heat removal problems associated with

high temperature cells.
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¢ &aleohol diffusion through the air electrode in the low

temperature methanol fuel cell.

0 system engineering problems to eliminate the need for

complicated operating control and regulation systems.

o sensitivity of the electrodes to small amounts of fuel and
alr impurities.

o increazsed operating life.
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tative conclusions which are drawn for fuel cell development

te are:
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a&. The current'low temperature, H2 - air, acld electrolyte

fuel cells re clean H which can currently'onl be obfained
equ ¢ onLty
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ency for the

or cracking NH3: The overall effic
total system spparently is " limited to less uhan k0% . Therefore,
hese cells as deveTODed in the Wargeu and FCG—l programs cannot
play a magorwrole in conservation unless their e;flclency can

be improved. - The availabil;ty of clean synthetic fuel from coal

would be a2 big step towards this. They do, however, have a
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r dollar savings because of reduced cost of pollution

control if thay can be provided at 150%/Kw and last five years.



Pletinum is a2 big problem here. Successful development of the

low temperature alkaline hydrogen cell may increase these

Fal

efficiencies to about 55%.

b. If methanol becomes widely and cheaply available (at prices
and resource consumption competitive with coal, natural gas,
etc.), the low temperature alcohol-air, electrolyte fuel cell
can be a large contributor to conservation because its potential
efficiency would be above 60%, pollution costs are nil, and
catalysts reiatively cheap (silver perovskites). This will
require the deVelopment of methods to prevent a;cdhol/air

eilectrode reactions.

c. To use "dirty" fuels, much more exotic and difficult fuel
cells are required. These, if they could be developed, might
have a tremendous effect on conservation because they could be
upwards of 80% efficient and use coal or cheap hydrocarbons.
They will havé.no catalyst problems because of ‘high temperatures,
but several méterials problems will require extensive effort.
Tris 1s very tough technology to develop since it reguires high‘
temperature cells (1000 - 15OOOF){ means to use waste heat for
reforming of "dirty" fuel, molten carbonate electrolytes and/or

solid electrolyte designs with means to remove heat, and contain-

ments.
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5. Advanced Power.Conversion Concepts (Thermiegics, Feher CO,
Cycle, ete.) | -

The conversion subpanel report recognized the'ﬁigh potential for
a variety of advenced conversion cycles to make 1mporuanb contri-
‘butlons to relieving long range energy conservation problem
severity. It selected the Feher CO, syefemnas the one which
would be given priority in this category of eenyersion system
because of its good potential to make a relaﬁi%eiy near term
contribution. It appears that this may be a premature con-

clusion. Recent studies which have been performed clearly in-
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rmionic conversion olfers very good potenuvaT as
e topping cycle for central system steam plants wlth relatively
low develonment costs. This is because the technology can be

€

m

tablished on small moduTar units uhe povnt Where it can
be applied to conven ional des1gns w1ch hwgh conf 1dence of
sucecess. The p0551bvlwuy of achieving this is concldered very

good based on recent data evolved in ongoing research programs.
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appears that 48 to 50% overall plant thermel efficiencies
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be rezlized with modest extensions of current technology

5 to 60% with further improvements.
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gntative conclusions which ha e been drawn for the advance
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concept developments are the following:
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&. Thermionics -

-]

nermionics have at least an equal chance to be a major contri-
butor ag these other unrealized technologieg{ The background
date zre superior to MHD and egquivalent to potaséium topping or
2500°F long-life ges turbines. The date base is perhaps a little

less well established than for 50% efficient fuel cells. Its
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re mey meke it possible to bring to practical

application with relatively modest investment. These systems

2]

hould pe compatible with any fuel but will require low NOXSO

X
mbustors. Ultimately, combined cycles may be developed that

(gl
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will be in the 60% efficiency range.

2

supercritical Feher cycle mey achieve 50% overall conversion

b. Feher CO., Cycle -

Th

W]

Eal

ficiencies with more compact and therefore somewhat more

b4y

e

economical equipment than will be possible with high temperature
- eAnOo . .

( ~¢ 15007F) gas turbines. It requires significant advances in

for high temperature compact heat exchanger and CO,

gas bearings and a demonstration of the high efficiencies that
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c¢. Helical Sérew Topping Cycle Turbine (Lyéholm Expander) -
Lawrence Livérmore Laboratqrj has'proposedvfhe adaptation
of the Tysholm turbo compressor to use in'a coal burning

gas turbine topping cycle - believing that this type

unit may be less sensitive to daﬁage from dirty combustion

products.
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B. OVERVIEW OF SIGNIFICANT EFFORTS UNDERWAY WORLDWIDE

ot

n the area of energy conversion technolegy, our knowledge of

rh

ign activities is quite incomplete. Much of the work in

his

-

ield is conducted by private industry and details of

ct
Hh

the technology are kept proprietary. Therefore, there are

e

significant gaps in our knowledge of the scope and relative
merits of energy R&D in foreign countries. The following
information has been obtained from various sources and 1is
recounted heré to give some perspective to the extent of

ertzin energy activities outside the United States. For

(@]

ct

he United Staetes government supported activities, see

Appendix L.

a, Soviet Unién MHD Program -
Extensive technical staff and facilities at the Soviet High
Temperature Iﬁstitute have been devoted to MHD materials
developmant over the past ten years. The Rﬁssians have
designed, built and since 1971 are operating on natural gas
a 25 MWe experimental open cycle MHD pilot plant in the

outskirts of Moscow. It is tied into the city's electric

m
2
' Je

.

network and, therefore, 1s the first commerciel MHED pilot

)

complete except for the steam turbine cf the bottoming unit.

4

pient in the world for network service. The plant (U-2

-

S

W

The power plant components are widely separated and housed in
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lerge building devised so that experimental changes can be
made with ease. The U-25 is so designed tﬁat a number of
trial channels can be placed within its convénfional magnét
znd tested in succession. Soviet scientigts}haVe recently

claimed excellent performance of zirconia electrodes in the

c

~25 facility at temperatures to 2000°C with operating times

t

>}

greater than 100 hours. The Moscow group claims 99.9 perce

seged recovery end successful operati on of boiler tubes for long

periods of time in & potassium seed combustion gas. It has

been estimated that there are about one thousand people at

work in this MHD project.

o

The Japanese MHD Progrem -

£ very extensive effort directed toward open cycle MED power
generation wilith experiments on al phases of MPD centraT
station power plants is being conducted in Jgpan. A numbér
of generator channels have been tested and a @uﬁber of pre-

~

hezter designs have been run. Japan has already bullt and
combined a superconducting magnet with an MHD generator. An
MZD Power Generator Study Team exists at the University of

Tokvo.

CA

¢t. Other Countries -~

Humerous other open-cycle MID efforts ex'st in other countries

such as Poland and Canada. In the British Isles, France and
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the Federal Republic of Germany, the MHD efforts have been
terminated. Liquid metal MED systems are under study by the

USSR, Czechoslovekia and Austria. Closed-cytle plasma

[

research is ongoing in the USSR, common market countries,

and Japan.

There is reported ongoing research in a number of European

countries - France, Germany, Switzerlend on hydrogen,

hydrazins and hydrocarbon rusl cells.,
&. The largest is a Joint effort between France's Alsthom

fueled Tuel cell Systems for small power applicetion in the

\n

to 25 KW range.

b. AT the Battelle-Institute, Frankfort, Germany, there are
industry funded programs in so0lid oxide electrolytes, organic

caethodess, methanol catalysts, and hydrogen and methanol fuel

c. AT the Institute Betielle, Genevae

industry funded programs in hydrazine fuel cells, hydrocarbcn

uel c=lle

)

» electrocatalyst, high temperaturs solid electro-

I_J

ytes.
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d. At the ILzhoratorire d'Electrolyse, Bellevue, France,
basic research is being conducted in the electrochemical

oxidation of hydrocarbons at low temperaturé.'

The major effort to develop commercialized f el cells in

the USA ie by Pratt and Whitney Airc t (P WA) using
hydrogeg-air fuel cells. P/A has one major program.with tha
gzs industry (TARGET) to provide fuel cells or part of a
total energy system Tfor aparuments, »ommer01a7 use, and
possibly individuzal residences. A number of 12 KWe
demonstrator power plants are preseouTy in operation. A
second-major.program is with the eTectrlc uthwty companvea-
to develop dispersed fuel cell gen “atov stations of 20 MW(e)
capacity Tfor operation In para llel with an electrlc utility
distrivution system. These éwq programs afe probably being

supported with a total of $15 million/year. .

gas turbines; however, pertinent domestic activity is discusseqd.
The major Zas turbine manufacturers are currently developin

P
L

0
P

lzrger size and higher spescific power (KW/lb/sec of gas flow)
open-cycle gas turbines. This is a general uprating of per-
formance by increasing the gas turbine inlet temperature

throuzh incorporation of advanced design features derived from
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aircraft gas turbine engines. The improvement in specific
power is expected to result primarily from increased cycle
tem;eratures. When the gas turbine inlet temperature is
increased to EBOOOF, combined gas/steam cycles are projected
with thermal conversion efficiencies of ovef‘50%. The

large cepacity gas turbines currently under development

are in the range of 100 to 150 MW(e), and they will produce
combined gas/steam cycle modules varying from 150 to 500 imuw{e)
which is & more desirable size range for most electric
utilities. The existing large gas turbines are in the 50 to
80 Mi(e) capacity range. Three large capacity COGAS systems
with outputs ranging from 85 to 250 M¥(e) have been installed

in the United States Southwest.
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Iv. FROGRAM MANAGEMENT AND R&D,INTERFACES

£. THE ANTICIPATED PERFORMERS

Without exception, all of the technologies being considered

|
'

ct

hig arez have a background of past or past and current
performers. It appears that, as.might be expeétéd, this back-
ground hes created considerable polarizat icn among the parties
concerned, and it is evident from review of proposals submitted
tc the Ray panel, comments on the Ray report and other documents

that polarization has often dominated objectivity. Substantial

support. The f0110w1nc Table 6 summarizes part1a1l" the past

and present pa *ﬁcipants in their approximate roles sO far as-

o
fo
!
o

e deter m;ﬂcd by study of documents avaLTable. The subsequent
Table 7 summarizes areas of future interest to potential performers

zg evidenced by.their propcsals to the Ray panel

Although these u&bTES ere not complete, it is evident that there

is both a subs u&ﬂtlal governmmant, THduSuﬁy, and unwversi ty bese,

and that they are generally desirocus of advancing the work in
their arees of interest. The existence of substantial and widely

resent and past involvement poses & considerable

o}
,_A
0]
ct
3
I.h
o
o
ck
03]
(o}
ks ]

lem in conducting future programs in
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TABLE 6,

PAST AND PRESENT PERFORMERS ROLE

Execution

Major Supporting
Arez of Work Management Programs Research
Potessium OCR GE AEC-ORNL
Topping NASA NASA Centers
Cycle EPA AEC
Geas Utilities P&W NASA Centers
Turbine NASA GE WPAFB
DOD Westinghouse
MED OCR AVCO MIT
. Elect. Res. Council Univ. of Tenn. Stanford
EPRT Westinghouse Severel QOther
Universities
DOD B of M Several Res.
Institutes
OSR NASA Centers ANL
ONR WPAFB GE
NASA GE NSF
AEC
Fuel Cells NASA P&W State Univ.
’ of New York
DOD Army Centers Univ. of
Colorado

Utilities

AEC

NASA

AEC
EPRT

GE

NASA Centers

GGA
TECO
Rasor

Energy Res.
Corporation
RPI
ANL
TYCO
NSF



FUTURE PARTICIPANT INTEREST FROM PROPOSALS

Execution

of Major - . Supporting
Management . Programs : Research
NASA GE
OCR AEC-ORNL
AEC
NASA UAC (P&W) B of M
DOD Westinghouse NBS
HUD Garrett Corp
EPA GE |
GGA

AEC (ETGR Turbine)
ETGR Turbine)

Aerojet Nuclear . B of M

NASA
OCR TVA .. Ga. Tech.
DOD AVCO NBS
ONE Westinghouse.
TVA NASA Centers
Utilities GE . ANL
ABC Univ. of Tenn.
ANL
JPL
NASA P&W " NASA Centers
Utilities - GE ' NBS

(Terget - Team to
advance research
for energy trans-
portation)

EPA

OCR

AEC
NASA
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as far as pcssible the continuity in expertise and facility

utilizetion.

It should be pointed cut that facilities for:carrying out future
R&D are not aveailable in meny instances. The interests of
Government agencies and industriel organizafions do not signify
that the basic facilities are eaveilable at those locations nor
necesserily thet a trained nucle us of technical and managerial

tzlent 1s available to perform the work.

B. PRCGRAM MANAGEMENT

No single prescription for program managament may be apj

lie

ol
ck
(@)

211 situations, of course. This is particularly true when

complex structures of management involving shared responsibilitic

-
fu)

'_
(@]
3
=
m
3
o
0q
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ent and execution exist such as between utilities,
menufacturing industries, and Government. Howéver, the prcgram
elements, objec%ives, methods of execution and intrinsic work
content in this area are sufficiently similar to past AEC, DOCD,
NASA, and non-Government develcpment efforts that the E
menagement approach can be decided in principle’by studying the
alternatives within = standard management structure whiéh hss
Leen pro%en by experience. For this prele_“ary examination,

that structure has been assumed EG be eas fclliows:
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Level I - Overall Program Management =

Functiong: Budget, plan, scope, monitbr,
coordinate, and integraté other

efforts.

Lssigned to: Government headguarters or

utilities
Tevel TI -~ Lead Center or Qffice

Functions: Project management, planning;

feedback, contract, execute, per-

form some SRT

Assigned to: Government laboratories, 

oifices
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Ievel IITI - Contributing Laboratories, Centers,

Universities, etc.

Function: Perform or contract for supporting
research or major components or

elements of program

Assigned to: Technically able and ready

government or contractor organi-

§

zations
Level IV - Executing Contractors, Laboratories,
Centers
Function: Perform the work

Assigned to: Technically able and ready con-
tractors and government lato-

ratories

Using this assumed menagement arrangement, a study was per-
formed of each sub-program to determine the level and role

ations participating in the areas of work in the

N

of organi

past and present and to examirne various future options and

select a tentative future menagement arrangement for ERDA.
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This process served to approximate the arrangements needed
to preserve continuity and to determine the ERDA and other

budget allocatlons. An example of one such study is given in

.

P summarization of the results is glven in Table 8. The pro-

grem assumed is that presented in the Ray report;

table shows that with the incorporation intc ERDA

the
ffice ©

h

Coal Research and the Bureau of Mines, it
becomes TFeasible to concentrate the Level I and Level IT
menagement roles in ERDA without destroying coﬁﬁinuity, assuming
that the FY 75 KSF funding can be propef \a a110caued between

NSF and ERDA, with & few exceptvions. These are the contTPuLng
rcle of the utilities in the cngoing fuel cell ‘and MHD programs,

znd the future role of the utilities in assum1nn a2ll or partial

respowsibilities with the Government for major pilot plant and

(]
[P}
=]
]
]
[4]
c-l‘
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o
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‘_1 3

on programs. In eddition, HUD would share or assume

the top manzgement role for dispersed plants in some cases. 1In
the case of Level II responsibilities,.- it is logical to assign
ERDA labeorztories, coffices or centers the role of project
mznagement with one exception. That is, that gas turbine project
t likely should be carried by NASA becauee of their

traditionzl rcle and expertise in these matters and the close

relationsnip tc the HIGR helium gas turbine program.
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TABLE 8

TENTATIVE ROLE ASSIGNMENTS

Tevel T

Level IT Level TIIT Level IV
Potassium ERDA ERDA Lab ERDA Labs Competitive
Topping (Possibly (0ffice) (B of M, GE, P&W
Cycle utility for ' Labs, Westinghouse,
demo plant) NASA) etec.
MED ERDA ERDA Lab NASA Many competitors:
(Office) AEC Labs See Table 7
EPRI with ERDA Labs AVCO
ERDA Support (B of M) U of Tenn
for AVCC NSF for centin-
program uing work
Fuel Cells ERDA ERDA Lab ERDA Labs P&W for tar-
Utilities (Office) US Army get
with ERDA NASA fany competi-
Support NBS tors for
for Target balance.
See Table 7.
Gas Turbine ERDA NASA ERDA Labs Competitive.
HUD for - NASA See Table 7.
dispersed NBS
demo NSF
Thermionics ERDA ERDA Lab NASA Competitive
Utilities for JPL
pilot plant . TECO
Rasor
NSF
Peher Cycle ERDA ERDA Lab ERDA Labs Competitive

(Possibly
utility or
EUD for
demo plant)
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C. MAJOR ISSUES

As has been discussed in previous sections of this_report, the
Rzy report recommends a broad approach to advahced cycles
encempassing four major areas of sub-programs and & modest
effort on advanced programs. ‘The Ray repor%’identifiss FY 75
funding of 'pproximately $18 millioh for the qoﬁbined combustion
gas turbine pfogram and the HTGR helium turbine‘program, and

arn zdditionzl approximately $18 million for all other aavancea
cycles. The corresponding runout costs through 1979 are $3l:
million end $210 million, respectively, or if one subtracts
zbout $200 milliion for the HTGR turbine, then there is aveilbble
zbout $115 miliion and $210 miilion, respectively. As diécussed
in the budgevary analysis section of this report, the actual
amounts availlable in FY 75 within the President's energy message,
zs far as we can decipher 1t, are very much léss, approximately
560 million and $12-15 millicn, respectively. As a conseguence,
it will not be possible to perform the program‘outlined in the
Ray report in Ff‘TB. In addition, even with optimistic assump-
tiong of contributions by the private sector,'it:will not be
pcssible to perform-the program cutlined in the'Ray report in

subsegquent years. This situvation, deplorable as it may be,
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D. OPTIONS AND

STRAT

EGIES

difficult to summarize

'—-l

et the needs

dominantly they are

exist in all of the

-

(b) large uncertainties remazin in

a rha

o}
o

pSs

choice depend very heavily on the

Cl

l-Jl

tudes and tybes of fuel

stpply in the ne

L9 A=)

trategies may

fund the =a

ed in the Ray report. This would

funding and other issues are

n ongoing programs (vri

o
D

funding, and would entail po

bably on a nearly year-ror

most important (ct

xt few deczdes.

the situation in a few words

ing some major considerations, but with that

At present it is

ial

high confidence that any one or two develop—

of the country in the next

such a selection cannot be made

that (&' substantial technical

attractive technical options,
development costs and ultimate
the systems of

ult

timate resolution of the

that the country chooses to develop

In view of this situation, a

be considered.

4

cross-thae-board program suggest-

require increases in FY 75 funding

a low level until some future date

resolved. This_would reguire re-

ncipally MHD) or an increase in

-~
)

ement of commercial utiliz

toon

-year basis,
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3. Arbitrarily select one or two major thrusts and continue the
others on low level until the issues are resolved. This would reguire
properly coping with the resultant political problems and an increabe

in FY 75 and in subsequent years. }
L, Accept the current level of the President's budget allocation

znd do the best you can with it. Thié would bréﬁably mean no focused
effort toward advanced systems except those tﬁét:are already in being,
namely, MFD open cycle funded by the OCR and utilities and the
hydrogen-air fuel cell funded by utilities and industry. The balance
of the program would be miscellaneous small R&D pfograms.

There are, of course, many other options. Those given above cover the
practical range. It seems likely that if>resolution of this issue is
rostponed until the establishment of ERDA that only Option b owill

remain.
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V. SUMMARY AND CONC

The US4

largely directed toward objectives othe

=3
=

o
o
=

r station applications.

been piecemeal and sporedic, and responsibili

(]

orgenizetions.

systems and,
immedie

cycles to ccmmercizal

should pe undertaken on several others.

nations are not possible

12l

p)

s

politiceal,

The work

Based on incompnlete

tely undertaken to reduce at le

practice,

at this

technical, and economic

LUSIONS

pest efforts on advanced power cycles have been

er than commercial

ties have been

attered throughout various government and private sector

information available,

The Ray report adopts the

this time to eliminate

there ore, major thrusts 1n parallel

least four
and secondary pro
The reasons that

time are a combin

for which we do not currently have an integrated and compre-
hensive machanism and organization tc resclve on any reasonsghle
time azle. The President's energy message and the FY 75
budget are not sufficlent to support this appréac . Therefore,
the recommendations of the Ray report cannot be executed in

the present circumstances.

It seems unlikely, therefore, that the broad across-the-

board simultaneous approach wi

111 be supported,

and several

with few exceptions has

ation

factors
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options are presented for consideration. Even crude analysis,

however, strongly indicates that from the conservation and
economic viewpoints, it is ilmportant to introduce advanced
cycles in an effective manner as rapidly as is feasible,

Some such analysis is presented.

rent that we have not adequately completed our

-1
ct
l.!-
in
]
s
o]
o

homework in advanced cycles. It is urgent to develop a
realistic plan for the next 10 to 20 years. The ERDA energy
analysis efforts, as well as the cadre assigned to every

systems analysis, should include & strong emphasis on ad-



APPENDIX 1

CONVERSION TEZCENIQUZS

R & D PROGRAM

FY 75-79

Subnitted by Subpanel VI
November 13, 1873

" Panel Mambers

Johim Smith, EPA
Donalild X. Stevens, REC
Tztrick A. O'Riordan, AEC (Executive Secretary)

cort of her cdevelopment of a coxpre
mmanded 4o the President on Decext




1, CGORTLS XMD OBJECTIVES

The importance of improved technigues for energy conversion is reflected

in the following statistics: At present, U. S. residents_épend akout $40 billicn

year for electric power. OCur energy-use rate for production of power is

fu

2x10°° ETU per vesr, the egquivalent of HEa*ly 1 billion tons of cozl or 20,000

. - . s - 15
tone of vranitm each vear. OFf this input energy over hal; {about 107 BTU/yr)

je wested znd zd@s to thermal polluticn of our waters; the quentity of rejected

nezt is mors than sufficient to heat every residence in the Nation. In additicn,

cornstruction of new power plants is estimated to totgl $;GOO billion éuring
+he remainder of this century.
rassil‘ steam peway ‘plants are the prochu of a Qery mature technology that
has platesued &t an effici;ncy of 40 percent. élean fuels for these pdwer
plants ere growing scarce, end cur means for D urning ccal are not yet socislly
zcceptzble. Presen: nuclear power plants are 32 percent efficient and are
therefore large thermal pcllutexs.

Eherefore,>imp roved ene gy conversion technigues for the relizble genexation

of electric power and for energy conservation are of gré*t importance to our
Netion, and the gozls of this R & D pxogram are to (l) increase the efficiency oi
use of indigenous energy supplies (coa7 and uran 1um.as well as new, elternzte
ensroy sovrces), (2) to reduce tﬁe environmental impéct of this power production,

£ad {3) to reducs the capitel cost for comstructicn of new power plants.

For the purpose of reaching these goals, the following eight obiectiwves

.
e
in
i
0
1}

{1) Coal CGasification. To develop processes fcr the production an

clean low-BTU gas from coal in central power stations.




{2) Gas Turbines. To increase the overzll efficiency and reliability
of power generation by develcping hich-temperazture gas-turbine systers.
{3) HKED. To increase the overzll efficiency and reliability of power

generation by developing MED power systems.

{4) PTPotezssium Tesving Cvcle. To incrsase the overzll efficiency and

relizbility of power gereration by developing potassium-vapor topping

(5} =usl Cells. To develop efficient znd economical fuel cells for power

{6) Use of Waste Heat and Fuel. To develop power systems for economical

use of heat and fuel presently wasted,

{(7) Zdvenced Concests. To evaluzte, to investigate, and ultimately to

develop advanced concepts for energy coaversion.

{8) Enzblinc Technolcgy. To evolve the basic constituent technologies that

enzble the substantizl improvement of tarious power systems cor that

ML 193

-y

ezsible entirely new concepts for power generztion.
An implicit constituent of these objectives is tc minimize the envirgonmental

S - pdn = o -
impact of power generation

sre

These eight cbjectives represent 2 significant narrowing of the range of

ressure of severe deceba*y constraints, the =2

.
4
11

o]

crigirally prozcsed cn Low-Temperature Cycles was ceferred and converted instead
to a study undsr Advanced Concepts. TFurther, the Use of Waste Hezt and Tuel

N

was ccniined to the use of solid waste for power generztion.

Ameng energy conversien techniques in these eight cbhbjectives, the following

three pricrities were assigned

& D



First Priovitv:

Low-BTU Gasification of Coal

Gzs Turbines

Szcond Priority:

HHD

4]

otasgivm Topping Cycle
Fusl Cells

Third Prioxrity:

Uszse of Waste Fuel

-

Zdvanced Concepts

Enzbling Technolegy

2. TNDUSTRIZT, CONTRIBUTICON

"

Tn thass precgrams, ths level of industzial cont lbht‘On will ary over the
progres's life, depsnding cn the degree of technical risk, on the amount of
nvasment reguirsd, ané on the time reguired for financizl return on the

invastment. Until technical feasibility has been demon st*atea, llt tle, if any,

industrizl contribution is likely. Based con discussions with industrisl reprssentati

end cn pzst expsriencs, indusirial contribution to the pilot stage will be zpproxi~

-

ztely Z5 percent, for by this stage the xzisks and time to fvranc131 rekturn sre

Tne Gemonstration plants will be built at sites selected by a consortia

of electzic utilities. OCne of these utilities will operate the plant and markst

tre pover generatsd. The coorerating utilities are anticip‘ted to make large

contributions towaxrd the construction of the plant, approxima ely 50 psrcent-



1f 2 large advance in technology is to be achieved that invelves both long
time to financial reyoff and substzntial technical risk, the Govermment must be
z hezvy finencizl ccnt;ibutor. Tor those technology programs azffecting public
welfere (such as pollution reduction) rather than financizl gain for the power
industry, the Government must carry the mejor sﬁare of the financial buréen.

3. PROGRAM EUDGET

The energy conversien R & D budcet anounts to $755 million for FY (75-72)
;ith the F¥v 75 e DsLﬂ*‘L*e totaling $892 million. The $89 million includes
$50 rillion for the low BTU gasification stubprogram which has been already

obliczted. Tehle 1 (-ttached).summarizes éetails for each subprogran.

4. SUBZROGREMS -~ DESCRIPTION, BENETITS AND BUDCE

GASI¥ICATION (LOW 2TU)

sch commercizl power generation plant or industrizl application cf low

BTU gzs from coal will release current premium fuels such as natural gas or oil

v

for other hichsr priority usages.

It

The goal is for low STU gasification pilot/demonstration size (20 to 50 Mile)

comkined cycle systems utilizing present technology and consiming 2ll ranks of

shich are scheduled for ozeration in the 1978-187% +time period operating in

(3]
9]
m
)=t
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a non-polluting mode. These plants will supply opera ing and economic data so
thzt particirating utilities can proceed with the construction_of 2 multiplicity

e th confidence. At least 3 improved technology pilot scale czsificztion
rezcters for inclusion in future improved systems will b; constructed eand eperzting
by the end of this time period.

Selected sub-prccess improvements for incorporaticon in later systems will be

develosed. - Improvad gas turbine efficiency increasss are anticipated from other



nergy initiatives, This total effort is based on continuing cooperative funding

v industry {2/3 Federazl - 1/3 industry) and those major program elements not

.

o funded 'will be deemphasized or eliminated.

This is & reasonzble program of high impact on future electric power

eneration with no known major technical obstacles. The plant combined cycles
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perzte at initial efficie.ci as over 40% zs compared to 35%
cnventicnzlly and produce powsr later at efficiencies ann*oachlrg 50% however,
he relztive economics and crow-h potentials of such sys;ems can only be proven

vy early censtruction and operation at pilot/demonstration scale plants.

N
Q
i
i
R4
o]
H-
o
'-8
o
!
}-l
O
lJn

T tation of the developed low BTU system is expected to

recaed at a2 rapid pace after successful demonstration and the estimated bensfits

f this program to the nation are:

1985 ' 2000
Jo. Plants 10 Commercial Plants 210 Commercial Plants
EZlectrical Pover 32.9 =« 106 MWYH e * 1150 x 106 MH e
. 15 4 : 15
Q energy relezsed 0.28 x 107~ BTU 2.8 x 1077 BTIU
fcr priority uses
s e ps e 15 .15
0 saved by hich 0.014 x 107" BTU 0.49 - 0.2 x 107 BIU
2fficiency : '
Budget ($ Millions)
1975 1976 1877 1978 1279 Total
Tedaral - 50 60 80 35 25 250
Industrial  (15)  (25)  (35)  (25)  (25)  (125)
~enctruction of pilot/demonstration pl ants shape ths fuhding towards eaxly

zavy expenditures tepering toward 1979 with the peak in 1977. Lag in cooperative

“ending cepability of industry tends to front load the Federal contribution.




HIGH TZ!PERATURE GAS TURBINES

For fossil-fueled gas turbines, two programs are planned, viz., (1) high-

terperature gas and steam turbine combined cycle and (2) closed gas turbines to

supply waste heat.

. The co: blncd cycle is entering utility service this year and will achieve

m
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£ 40 percent. The crucizl improvement needed for the systenm is
to raise system efficiency to 50 percent by increasing turbine-inlet temperature
to 2500°F. Improved air-cocling of the turbine and, in particular, liquid-coolirg

must be investigzted and Gevelcped. Ceramic materiazls for turbines will be zlso

-

investigated uvader

1)

ne Enabling Technology subprogram (g.v.). Low-polluticn
Oﬂbus ion will also be investigated as well as the use of = pressurized furnace
for the steam boiler as a way to both reduce system cost and increase efficiency.

The higher temperature turbines will ke tested in the lzboratory and demcnstrzted

ir 1872 in & 100-MW demonstration plant at 2 utility's power plant; a systenm
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percent is anticipated.

This gas-turbine develecpment will be carried out by industry under contracs
tc the Government. Industrial contributicn to the 100~¥W demonstration clant
is expected to be 50 percent. Power plants inceorporating thiis advanced technolo

will enter servwce in the mid-1280's. Znergy savings in the year 2000 will

- 5 .. : sqqs
amount to Z x 1077 BTU per year, having a value of $2 billicn a year at $1 per

1875-77 Desicn, builé and test high-temperature turbines.
1875-76 Design, build, test catalytic, surface, and reformed-fuel low-
pallution cexbustors.

1c76 Economic study of pressurized furnace.



1876 Design 100-}W demonstration power plant.

1977-79 Build 100-MY power plant.

2zt present, high-grade fuels are burned znd electric power is consumed In
various arplications solely for the purpose of providing heat. ° Integration of

pover generztion with_the‘supply of heat caﬁ yvield enqrmous'enEZgy_savings. :
Because the totzl demand for heat is beyond what power géngr;tion can provide,
the market for waste heat can,ﬂftcm the point of view of poWe:'generation( be .
considered limitless. ~ ' .

Iin realizatioﬁ of this gozl, the problems are (1) éo minimize the cost of
Cistributing thes waste hsét by generating the power?near the site at.which the
heat is reguizred, and (2) to heat the transport‘fluid twatgf) to 400°F while
maintéining a high efficiency of pcﬁer generatibn. The closed fossil—suzning

cas tursine is well suited to this service because of its suitebility to producs

-

powsre from 1-100's 16T close to +he site of hezt use, .its constant, high efficiency
&t pari powsr, its gbility to burm various fuels {including municipzal or industrial
wzste), its maintenshce-free operation, and its ability to heat water to 400°F

LR : : > z208 A3 = ] "'- : 15 arrt
without & penelty in efficiency. The potential energy savings are 4-8 x 10 BTU/yr

in thz ysar 2000, depending on the speed of entry into the marketplace.

The schedule of events and funding are given below:

1975 Design -1-M# power plant

1976~77 Build test models of components and power plant

1978 Test the power plan; | |

197 Continue power plgnt tests., Procure additional power plants

for use by HUD in energy-conserving housing develcpments.



Cost in Millions

FY 1875 1276 1877 1978 197¢ Total

-

Funds 15 65 53 50 42 - 225




MAGHETOEYDRODYKAMICS (MED)

There are three D concepts: 1) open cycle, 2) licquid metal closed
cycle, and 3) closed cycle plesma. B2n open cycle generation system is idezl
suited for Zfossil fuel operation (including ceozl) while the élosed
cycle svstems zxe batter sdapted to nuclear heat sourcés. Ail:systems when
coxbined with convantionzl cycles, offer significant benefits which include:

.

- hich eificiencies {(55-60%)

- fuzl and dollar savings*®

{=~t

1x 107" BIU in year 2000

1 bilijon dollars in year 2000

~ direct cozl-fired systams

»

- non-polluting systems

KXo - 1/8 EPL standards

S ¢
Water — nil

The gozl of the MED program is to accelexate the development of these

1ighly efficient, non-polluting systews. The open cycle segmant of the
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t) will lead o the construction of z coal-fired
cemonstration plant in the 1980's aznd operation in about 1987.

Smzller progrem elements are plamned for the closed cyclé systems but will

. 15 . - . .
* Fssuming 28.2 % 10 BIU total electric demand from fossil sources in

2000; end fuel costs of 51/106 BTU.

ly



lead to the proof of technical feasibility and design of prototype systems.

1275-1879 period the program will be devoted to: 1) component

cevelopment and testing, 2) system znalysis and desion, and

design and construction (larce scazle generator and long

rance materizls test facilities). The generztor and materizls test

Pl
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mount to about 60% of the FY 75-79 costs and zre key featires

.

Rlso there will be consicderable emphasis cn 'the utilization of ex '1s stin

JSSR 7D facilities (25 MW and 250 KW plants) and expertise throuch the ongoir

US-~USER Cooparative Progran.

0
fir

o

and expand to

-

Urder Governnent manzgement, the FY 75-72 program will be implemented by

mix of national and university laboratcries and industrial
already involved in MED R & D. Scientific and eng¢neerwng

manpower are readily ayaileble for the design, construction

test fzcilities.

n effect, they replace many aspects of a conventionzl pilot

it}

|(]

2s evidenced by previous support ($8 million),

€ expected to provide a sicnificant portion of the funds necessary

¢ commercialization of MHD. Early industrizl involvement will

sunt to some $20 wmillion through FY 72 by the Electric Power Reseaxch Inst

at least 30-50% of the cost of z demonstration plant (utilit

The following teble summarizes the suggested Govermment R & D bucget:

FY Cost in Millions

) : Total
1977 1978 1979 75-79

22 22 22 S5
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POTASSIUH TOP2IM

1G CYCLE

.

Potessium vapor generxat ed at 1400-1500 °F is eypanaad in a

turbine and then condensed at 1100 °F, the heat of condensation being

the heat input to z conventional stesm power plant.

of 50-55 percent

best fossil plants today.

arpear

would be reduced zccordingly.

The low op

fezsible the direct corbustion of coal without atmospheric polliution.

-1

noa

fluid

4o

to maximum valuas

end

to achieve the saﬁérefficiancy
Uperstion of
czs for over & year has alreedy dermons
&
concept. The following
1874 Dover
ment by an
1875-1979 Design and build a
hs]
1979-1281 Cperate the 30 MW pi
1980-1984 Build two additional

=]
perat

zed bhad

¢ the

of 1600-1700 °F,

them to the pi

ot pl

generating eguipment.

betyveen coal

30

rchwtect-=nc inee

MW potassin

ng temne*atu*es of thlS power plant

corbustion. temperatures might ther

pile znd busb

lot plant.

XiID g f——-k .

-
it

limestone or dolomite to capture the sulfur.

sr
X

ight.mal

ilot plant demonstration using clean fuell

CG..z

Both energy consumption. and tbernal pollut

eby be limi

thereby both avoiding 10, formatibn

‘l

zted the feasibility of the

Overzll efficiencies

practical, zbout a 30 percent increase over the
- r . -

io

clon

ted

e —
cIVE

clezn fuel must exceed 60 percent efficiency in oxdex

. seguence znd timetable ol events-are planned:

plant preliminary design and ecohomic assess~

& complete potassiuvm-vapor system fired with natural

. power system @s a

30 MW potassium modules and add

ant.

Build and =

300 MW; potassiux output, ,O MY

Demcnstration plant outpuk,

dd steam poweax-
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5 Start

7-1981 Build and test a pilot

later

€ull commercizl operation of the 300 MW plant.

-scale fluid-bed furnace for

incorzoratien into the demonstrztion power plan

The following budget is recguired:
Fiscal Year 75 76 77 78 79 75-79
RED 3 7 7 7 7 31
Pilot Blant (Cof F) O g 14 9 3 _34
Total 3 15 21 16 10 - $65M

This entire program will be performed by industry under govern-

ment

contract. Both the pilet plant and the demonstration plant would

e
“-a

ed at the site of a cooperating utility. B&Althouch the covernmsrnc
. .

nmanufacturer ané the cocperating utilities ¢

v

percent cf the pilot plant cost and one-half the cc

tion plant.

of power p

-

dingly,

& year at

*3ased on

in leas,

lant would begin and

thaet time.

fu=2l cost of

could reach 150,000 Md by

design and its eccncomic assessment, both the

axre

[o}
h

the instzllation of this class

2000. Accor-

: - ) . - . .
fuel savings would amouvnt to 1013 BTU rer year and §t billion*

the demons:

expected to pay

ra-



- 13 -

CONVERSTON SYSTEMS - FUEL CELLS i

Fuel cells zre sikple devices which ‘convert chemical energy directly to

] . . °
electrical erergy with efficiencies which are presently about 60% and ultimately
ray esproach 80% with essentially no environmental pollution. They are modular
in neture znd may be supplied in a variety of sizes varying from fuel cells for

-

usc

=

n individuezl houses (5 K giving "total energy" capability) to fuel cells
for use in subsiztion powsr plants (150 KW). Fuel cells are quiet and have .

: instantansous respense to load variztion, high efficiency et partizl

essentially
lozd operztion, hezt rejection to air and autometic operation. vel cells, an

erercine technolocy with Gemonstrated technical feasibility, require R & D to
= = p-ii 4

solve thres major problems: cost, life, and limited fuel flexibility.
. . . ..‘
The proposed program is aimed at solving these problems for the following

-
'

five promising fuel cells systems: acid hydrogen, basic hydrcgen, methyl alcohol,

t
rr

0lid electrolyte and molten carbonate. The envisioned program is broad based

with z simultaneous pursuit of a nuxber of fuel cell concepts because of the high

risk reature of the spproach and the realization that no one fuel cell concept is

clezrly superior at this time. Greatest funding will be placed in the acid
hydrccen aree becanse of the maturity of the program and7pqssibility of eaxrly

cormercizlizetion. Basic hydrogen has been supported because it has the potential

of bzirg 15% more efficient than acid hydrogen with simultaneous use of less

expencive electrocztalysts. The methyl alcohol cell is attractive because of its
cotentially high thermodynamic efficiency plus the use of a pure, cheap, easily
availzble liguid fuel. The solid electrolyte and molten carbonate cells operate

ch temperature and have the potential for using dirty fuels with good efficiency:

e

zt n
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The prcgram provides the following by the end of 1279:

Build and test one 7 KW methyl alcohol prototype fuel cell.

Build and +est dispersed power plants (2 to 5 MJ, 1976;

20 M, 197';‘) .

Commercially demconstrate the acidé-hydrogen fuel cell-on site system
{40 X Field Unit).

Pilot test hydrogen fuel cells in the-integrated total energy systen.
Euild 10 K¥ basic hydrogen prototype fuel cell.

Build & 10 K¥ solid elgctfolyte fuel cell and begin.tésting.

Limited sezazrch for new concepis.
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réustry is supporting the acid hydrogen cell development at a
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nd the methyl zlcohol cell at a level

of about 2 million éollars per year. The Electric Power Research Institute (EPRI)

is spending shou:t $2 million per vear in fuel cells. The other concepts are being

sucported at low levels by a number of organizations. The projected develorments

on thic program ere predicated on the assumption that industry (which has sclicited

Government participation) will contribute at least $2 for every $1 that the

Government furnishes.

Progress in the fuel cell area is limited only by the availshility of
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ecuired as the electrocatalyst in fuel cells, then large

sczle fuel cell production will recuire low platinum loadings., Howevexr, ths
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pensive and more available electrocatalysts is an integral
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1675 1eve 1877 1978 1979 75-79
5.5 - 9.5 17 22 26 - 80
Fuel cells zre zopliceble to the whole spectrum of sizes varying from use in

t+he home to use in power plants. Fuel cells mey replace the internal combustion

1]

rcine in many applicetions, thus the following energy savings are projected:

3 o
0 (10"5 BTU) (Savings)

‘Residentizl Cormercizal Power Plants Cars Total

le8s 1.2% 0.3 0.3 g.3 2.1

2000 c.0* 2.5 1.0 4,0 16.5

Integrated systen.
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CONVERSION SYSTEMS - USE OF WASTE FUELS

Ezlf of the energy generated in the United States is wasted; this
contritutes to azccelerated depletion of our energy resources, thermal pollution

of our wzters, and degradation of air guality. In addition, municipzl,

industrizl, agricultuvral, forestry, and mining wastes are posing solid waste
Gisposel problems which are increasingly @ifficult to solve. Much of the solid

Processaes will bs developed and demonstratéd to ecbnomically recover
clean energy from municipal, industrial, agricultural, forestry, and mining
wastes. The processes conside#ed include waste ccmbustion,'gasificatioﬁ,
ligquefzction, end biochemical ccnversion.

The following pr;gram will be carried cut: (1) proceséing
znd combusion of wastes &s auxiliary fuels in commercial, industrizl
and utility boilers - 1978, {2) processing ard combustion of
waste fuels in fluid béd éombustcrs with gas turbine-electrical energy
recoverv - 1978, (3) thermochemical conversion of wastes to clean gasecus,
liquié or solid fuel - 1980,_(4) biochemical conversicn of wastes to liqpia

fuels - 1¢81. These techhologies will be demonstrated under joint programs

e

with industry and loczl governments, who are developing new waste disposal

processes. Emphasis will ke placed on eguipment develcpment and process

modificetions which zxe nesfed tc optimize energy recovery.




..377..

Budget

Fiscal Year - 75 76 77 78 .79 ‘Total

Coct in Millions 1.5 2.6 _ 2.3 1.9 1.7 - 10,0

There zre indicaticns of wide support of waste disposal;energy recovery
~rovesses by both induséry and local government. In fact, the.Success of
the zbove programs is predicated on the asspmption that they'wili put in
at least $2 for every $1 of Federal funds. A&t least 5 utili;ies have firm

rlens for firing municipzl wastes as an auxiliary fuel in their boilers.

Howsver, the newer, higher level development cost processes {(fluid bed combustion,

.
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loczlities fzce criticzl solid waste disposal problems. IE development of new

tzchnologies ars not implemented by Federal fund;, older processes ﬁhich do
nokt rscovar energy will be instelled and the energy which cou;&'have been
recoversd wlill be lost during the 15 to 20 plané year life.

Benafits éf the proposed developments would include: (1) recovery of

cver 1077 BTU/year of enerxgy by 1985, (2) economically and envizonmentally
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1 of =o0lid waste and, {3) & reduction in air pollution.
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ADVANCED CCXCIPTS
L five year experimental and anzlytical prograzm to conduct zpplied research
ené :ngineering development on a number of promising edvanced enercy ccaversion

methods and ccncepts for eventuzl use in hich efficiency central station,
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meller power plants. A nurber of enercy comversion methods
2nd concepts including Feher (CO } cycle, thermionics, thermal escillator,

thexmogelvanic cells, advanced tb:*roe‘ec:rlc materizls and low temperature cycles
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ntified a5 having the potentizl for hicher energy conversion

efficiencies ccocmpered to existing systems.

Feher (COZ) cycle and thermicaic coaversion vould receive the highest

H-

gricrity for

nJestigaticn because of their impact on larce power systers,
Other conversion techniques such as thexszl oscillators, thermogalvanic cells
znd advanced thermoelectric materizls are more appliczble to increasing the

conversicn efficiency of small power plants and hence would receive z lower

pricrity. Other zdvanced cycles such as the orcanic Renkine would receive

anzlysis and zssesszment foz usé gs low te:parature/bottoming cycles.
The application date of these energy canversion mctﬁocs to comzmercizl power
jo uction in centzzl station plants would be no earlier tﬁanAthe mid-1883's due to
their advanced nature. It is possible thz% new cm:-.ll power plants would be
commercially avzilable in the late 1970's. All of the pctentizl advartéges
of these new technolcoies cannot be anticipated and therefoie, the specific
time of zpplication for the small power plants is difficult to &ete-u;ne.
N .
The CO2 cycle SVS;GH eppezars to offex efiiciencies for central station
power plants in the mid-40s range for temperatures of apbout 1200 °F. If the

potential of thermionic conversion is achieved, tcpping cycles can be added to
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ztentralized power plants that will raise conversion efficiencies frxom present

-

-lues of 30 to 40% to the range of 40 to 50%. The efficiency of & thermionic

’ B
onversicn system is relatively independent of power level, thus thermionics

The other conversion .

zv be applied to verious size energy conversion systems.

thods have dexonstrated el ficiencies, in laboratory scale experiments/devices,

only & minimzl invest uent in this sred due to the .

It

i long time to payoff for these convsrsiqntmathods.

this situ=zt ion will continue to ex lst untll nove specific

=sults are availzble from the proposed investigations.

This procram does not involve large pilot or demonstration plants

buf rathsr sppliied resezrch, engineering development and analysis of new

cvcles and methods therefore does not inveolve any roadblocks

Thz recommendsd funding levels are as follows:

Cost in Millions of Dollars .

FY 75 FY 76 Y 77 FY 78 FY 7¢ * Total

Afvanced ’ -
Ceoncepts 2.0 2.0 2.0 - 2.0 2.0 - - 10.0

. of thz zkove enercy conversion systems posses unlcue charac;e;;stlcs

ernd ottributss thst, if successfully developed, ccqu make szgnlzlcapt contrlb utions

n's develeoping enexgy crisis. The invesiment risks

e-e minimal cempared to the potential return.



ENABLING TECHENOLOGY

This subprogren has two major thrusts: (1) the development of
z 100 M7 ac generator using superconcductor technology, and (2) a2 con-
tinuing undercirding materials R&D program which is focused on high

temperature aspects of materiazls performance in specific applicaticns

znd is interrediate between short-term develcpment and multi-directional
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Industry has already constructed 5MW leboratory scale ac generatcrs.
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o go to 100 MW before advancing to 600-1000 MW machines.

No scientific brezkthroughs are reguired; however, considerable engin-

-

eering development is necessary. The develorment of electrical machinery

using cenventicnal approaches apzears tc have been mzximized and with

the zdvances now being made in superconductor technology, e.g., higher

rr

emperature superconductors, this approach is increasingly attractive.
The propcsgd effort to comnstruct and test a 100 MW ac generator
will be carried out primazily by contrzct with industry from which
substentizl cost sharing can be expected. The benefits to be derived
from this system's cevelopmant .are: increased conversion efficienc
{up to 1% for larce installations), circunvention of size limitations
of coxponents which may be shipped from‘factcry to instazllation site,
and zveidance of foreign competitors Irom capturing future markets for
electricel machinery. The principel risks/uncertainﬁies center around
the complexity of the envisioned system znd thus its acceptibility
to industry and the utilities.

In most new technelogiles, the development of new materizls is

the key to evantuzl success. 2Advanced conversion concepts (higher
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power, higher temperzture) will require materizls wh;chlare now beyond
the current stazte-of-the~art. Tor example, gas turbipés with 2500 °F
inlet termperatures will require new vane and first rowfﬁlade materials.
D willirequire special mateiials for dﬁcts, elgctrddés, and insulaforsi
High temperzture hzat exchangers will require high stréngth raterials
resistant to thermzl shock and cyclic fatigue ‘and which will minimize

e s . - . el o s
ter-éiffusicn of contaminznts from one working fluid lnto the othek.

g.

The effect of micro impurities in hot working fluids on the long term
properties of hich temperature materials is poorly understood znd in

scme cases not at ell. There is a need not only for new materials

but zlso = more complete bank of engineering data on existing materials

*

o zllov prediction of long~térm reliability. This is a level-of-effort

* »

activity to permit study of only the most obviously impqrtant problems

‘end will be conducted in those institutions hherevn fhe expertise lies.
The benefits to ba derived include increased efficiency, increased

relizbility, and reduced down time of existing systems, reduction of

environmental problems (e.g., inter-dif fusion of contaminants), and

in the czse of new techrnologies, possibly a go-no—-go determinztion.

-

The budcet for the progrem is:

]

FY Cost in Millions

Total
75 76 77 78 78 75-7¢2

2 . 3 5 5 S ZQ:



ENERGY CONVERSION TECENIQUES R&D BUDGET

{cost

TABLE 1

in millions)

FY FY FY FY Total
Subprogran 75 76 77 78 79 FY75-7°
1. Coal Gesification 50 66 80 35 25 250
{Low=-2TU)
2. Eich Temperature 15 65 53 50 42 225
Gze Turbines
3. MED 10 18 22 22 22 25
£, Potessiunm Topping 3 15 21 16 10 65
Cycle
5. Fuel Cells 5.5 9.5 17 22 26 80
6.. Waste Fuel 1.5 2.6 2.3 1.9 1.7 10
7. 2dvanced Contepts 2 2 2 2 2 10
8. EZnabling Technology 2 3 5 S 5 20
Total 82.0 176.1 202.3 153.2 133.7 755.0



APPENDIX 2

Ges Turbines

The conversionkof heat energy into mechanical work, as per-
formed in & power plant using turbines ocours éssentially inx
three steps. Heat from burning~fuél produces a high-tempef—
ature, high;pressure gas. The compressed, higﬁ—temperature
medium then expands in suitably shapgd noz;les, producing
a high—velocity“jet. The stored or thermal energy of the -
1 : .
fluid is thus converted into kinetic energy. Finally, the
kinetic energy is converted into rotafional mechanical energy
when theAjet, impinging on the blades of the turbine, moves
the turbine wheel against the torqﬁe exerted by the load.

5

Thic is the basic conversion process of any turbine.

In the gzt (or noncondensable) turbine, air enters a compressor
which is an integral part of the arrangement, and its pressure

is razised sufficiently so that, after heating, it can expand in

ct
oy
el

e system's turbine and produce power. 1In the combustor, the
alr is heated by burning fuel in the airstream. The resulting
high—temperaﬁurg air and combustion gases expaﬁd through the
-gas turpine, drive the compressof, and in addition produces

useful power in a device such as a generator or pump.

The temperature of the gases su

£

plied to the turbine must be

sufficiently high to permit the power developedvby the gas



turbine to exceed that required by the compressor. The
temperature of the air and geses leaving the combustor

end entering the turbine is a critical factor, for the
efficiency rapidly increases as the temperature of the
turbine inlet gas is raised. Because.it is a major factor
in the output and thermel efficiency of the gas turbine and,
in turn, strongly influences unit cost per kilowatt, firing
temperature has progressively increased, averaging & rise of
about 150 F per year. Present levels for natural-gas firing
are in the range of 1600 to 1700°F for equipment in con-
tinuous service without blade cooling and up to 1800 to 2200°F

. . . 1
for equipmsnt with blade cooling.

The ges turbine can operate on either an open or closed

cycele. In the open cycle, the air that passes through the com-
pressor is used in the combustinn process, and the air and com-~
bustion gases.expand and produce work in the turbine. The gases,
still at high temperature, then are exhaﬁsted tc the atzmosphere.
The closed cycle differs in that the air and cambustion gases
exausted by the turbine are recirculated through t he compressor.
One advantage of the open system is that the atmosphere acts as the

~

Technologicel and Economic Feasibllity of Advanced FPower

1

Cycles and Methods of Producing Nonpolluting Fuels for Utility
Power Stations. UAC Research Laboratories. ¥. L. Robson et =21

Dec. '1970. (WNztional Technical Information Service No.

PB 183-392)
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thermodynamic sink of the system .and usually no cooling

=

wzter ie reauired; also the working medium, air, is available
in unlimited qugntities. In the éldéed cyclé, the pressure °*
in the system 1s not related to atﬁospheric pressure and

hence can be arbitrarily fixed. This is advantggeous in_that
the work produced in terms of the gas densityawithin the system
can be varied by regulating pressure in the cycle. With in-

creased operating pressures, the system can be smeller. More-

over, the closed cycle can use gases other than air as the

The high specific fuel consumption of gas turbines in general can
be .conciderably improved with regenerative heat exchangers, which

essentially extract the heat intrinsic in the exhaust gas to

preheat the incoming combustion air.

The thermal efficiency of the simple-cycle (non-regenerative)

-

gzs turbine,

vwhich is the most widely used within the United

Stztes, has been progressively increased throu h higher firin
, . . -

ct
0]

-pefatures and continual impvovements in'the mechanical

0}

fficiency of the turbine and the compressor, it now approaches

30 percernt. The mechanical efficiency of these components is

.

zbout 90 percent, so thav further 1 erna al- efficiency improvements
3 1T 5 : P

probably will be in ‘small increments and of relatwvely minor sig-

| ad

cance to overall cycle efficiency. The performance of the




T

system is also a factor of the pressuré ratio through which
the air is compressed which, in turn, must be related to the
inlet temperature. The compressor used may be axial flow;

centrifugal, positi?e displacement, or a device such as the

free-piston ergine discussed previously.

& number of smeller regenerative-cycle gas turbines have been
built, with thermael efficiencies about 10 points higher than the
simple-cycle unit; larger sizes up to around 100 MW are now

being built.

A wide variety of fuels has been used in gas turbines. Nétural
gas has been the primery fuel in most installations, but

process gases and ligquid fuels ranging from keroseng to residuzl
0il have been burned in some. Gas fuels are most generally
applicable since they are usually lower in cost and are free
of corrosive and erosive elements. Most higher grade liquid
fuels are equaliy satisfactory, but their cost is often pro-
hibitive. While residual or Bunker C fuels are inexpensive
and cén be burned successfully, residual oils reduce the per-
missible firing temperature, and the low fuel cost mey be offset
by the cost of equipment required to remove certain corrosive
elements in the oil. )

For the electric power industry, ceveral hundred gas-turbine

generetors are in service within the United States, totaling
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several MW of generating capacity. These dﬁits are pre-
dominantly in the 10,000-kw range, but sevéral are rated ﬁp

to nearly 30,000 kw. On order are two veryalérge (100,000 :

to lE0,000-kw) units employing 8 and 10 aircraft jet engines,
respectively, which discharge hot gas.into“a single losd wheel
driving an electric generator. In addition, several hundred
additional gas turbines are in nonutility use, serving industrial
plants, pipelines, and railroadsi ‘The émaiiést gas—turbine'size
is about 100 hp, the Tow limit being determined by efficiency

nsideration.

The majority of the gas- turb ine generatovs in servwcé are used
primarily for peaklng purposes, although in some instances ;hey
2lso serve other functions such as area p”Oberlon- There is
growing interest in the combined Sueam/gas—turblne cycle as a
rmeans of reducing the cost of base-load generation. Broad
amlication of the combined cycle, burning hatural gas, requires
na specific'technical development, and design and operation of
plants such as the 238-Mw Horseshoe Lake No.'Tfunit have demon-
. v

reted its technical feasibility.



Potassium Topping Cycles

=

t-]

The potassium topping cycle is comprised of two interconnected
power conversion systems. Heat from the combustion of the fuel
would bte transferred to btoiling potassium. The potassium

vapor exi the boiler and expaﬁds through a turbine. The
mechanical energy of the turbine is converted to electrical
power by means of a conventional generaztor attached to the
turbine shaft. The vapor discharged from the turbine is con- -
densed end recirculated to the inlet of the boiler by a pump.
The waste heau of the potassium cycle, evolved during the
;ondensation process, is traznsferred to a coolant, in this case,
- water. The steam generated in cooling the condensing

boilin

b

|_1.
0'7

l_-l-

otzssium then flows through a conventional steam power plant

o0

to produce additional electric energy. The potassium vepor
entering the turbine in the proposed program would be at a

: o]
temperature of ‘approximately 1500 F.

This cycle could convert the energy of cozal to electricity
with z calculated efficiency of from 50 to 55%. As a result
of these relative high efficiencles the costs of the power

plent on z per kilowatt basis and of the electric power that

J-te
ct
g
~
(o]

duces may be substantially less than that of a conven-

steam power plant.
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Magnetohydrodynamic Generators

£ magnetohydrodynamic (MHD) generator COnverté meéhanical into
electrical energy by using the motion of a flﬁid conductor in
the presence of a magnetic field To generaﬁe.power. If does
so by expanding'a ﬁeated, éleétrically conducting fluid in

2 channel so that the fluid passes through a.tiénsversely
oriented magnetic field. In its simplest form, the channel
has electrical insulators on two opposite nglé and power-

removing conductors or electrodes on the other two walls.

The functicnal principle of the MHD generator is similar to
that of a2 conventional electrical generator which operdtes by
moving a conducting wire through a magnetic field; the

conductor in thé MHD generator 1is replaced Ey the moving fluid -

itself. Similarly, the MHD generator opérates.like the turbine

part of & convéntioﬁal turbogenerator'system_in:that the work-
ing fluid iﬁ both cases is heated and then expénded against
a resistance to do useful work. The resiséiﬁg force for the
MHD generator is provided by the inﬁeractiqn,df'the currénts

irduced in the gas with the magnetic field, The MED generator

e

thus combines in a single unit the functions of the turbine

and generator portions of a coaventional turbogenerator system.



The primery technical advantagg of the MHD generator is that
it has no moving parts exposed to high temperaturés and hence
cen use higher fluid temperatures than a conventional turbine{
with an attendant gain in thermel efficiency{ Theoretically,
estimeted energy-cénversion efficiencies for MHD‘generator

plants are in the range of 40 to 60 percent, and these

d
@]
ch
(0]
3

tizl geins are the main motivation for current work on

commercisl MiD generators.

Emong commercial energy-conversion schemes for the future,
MHED holds & uniquely promising position because of several
factors. Since the efficiency and performance of MHD generators

increase as the -size of the device (the power generated)

ine

—

eases, these  devices are best suited for central station
pdwer generatiorr. Yet, in contrast to most direct-conversion
schemes, MHED geheratbrs have relatively compact systems

comparable to and even exceeding those of conventional gener-

eation plants. Theoretically, an MHD generetor can be used

o

ith any fossil-fuel energy source (including powdered coal),

with fission-derived energy, or even (eventually) with fusion-

power sources. )

At the same time, most MHD generators have been designed for
cperation at pressures not too far from aztmospheric, in order

to achieve higher power densities. Under this combination of



pressures and temperatures, cogbustion products and/or noble
gaeses would by themselves be eésentially elect;icélly non-
conductiﬁg; at 1 atmosphere and 3,000°K, the gas will be
essentially non-ionized; that is, the gas has insufficient
free electrons to carry a useful cufrent. The simplest
solution has been to add to the parent gas & small amount of

ezsily ionized "seed" material which readily gives up electrons

3\

upon impzct with other gas particles ("impact" is in fact, the’
i i & 2

l.h
u

mode of ionization). If all the particles that make up the gas
have approximaﬁely equal energies--that is,-if the gas is in
thermodynamic equilibrium--the process is knowﬁ‘as thermal
ionization, which is certainly the situation that holds.in
combustion~prodﬁct gases at atmospheric pressure. Suitable
seed materials a}e the alkall metals, éesium,'pétassium,
sodium, etc., which normally are added as compounds such as
K2COB. Cost céﬁ be a major consideration in.choosing a see@,
for the amount of seed may aggregate 1 to 2 pexcent of the

fuel weight in 2 coal or oil burning plant.

In closed gas-cycle MHD, the working fluid is continuously
recireculated through a closed 1ooé. The heat source in such
& loop presumably will be a nuclear—fission.réaptor. Since
current reactor technology does not countenanée:outlét coolant
temperatures even approaching l,MOOOK (much lower than'the,

o A

3,000 K encountered in open-cycle generators), and since even

ceeded gases do not exhibit appreciable electrical conductivity




below aboutVE,OOOOK, it is epparent that electrical con-
ductivity in the gas must be achieved by some nonthermal
app;oach if an MHD generator is to work in such a system.
Note that the closed-cycle system has an inherent advantage
over the open-cycle system in tﬁat the total recovery of
cseed permits use of cesium rather than potassium as a seed

h

=
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gh cost., Thus, to achieve the

temperetures may be several hundred degrees lower. The key
to successful, closed-cycle, nuclear-pbwered MHD, thus, is

an efficient means of achieving electrical conductivity in

the working fluid under conditions that are reasonably.

compatible with foreseeable reactor technology.

While theoreticel analysis indicates that effiéiencies in the
range of 40 to.50 percent‘aré possible with ;eactor—powered
MED units, the fundamental operating parameters of MHD
generators in the "hot electron" regime have not yet bteen
determined experimentally, although system stuaies have been
made. One study considered a closed-cycle 500-Mw plant of
which 315 Mw were to be supplied by an MHD generator and the
rest by a turbogenerator. The cycle us=d seeded helium, an
axiel-flow compressor, and a gas-cooled reactor with unclad
fuel elements (a2 coolant outlet temperature of 1,9OOOK) and

exhibited an estimated overall plant efficiency. of 47.1 percent.
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Higher temperatureq would recult in correspondlng 1y higher
efficiencies. The use of a 100,000-gauss supercopducting
megnet was assumed for the MHD generator, but-tﬁis field-
strength magnet will be both very difficult to aevelop and
costly for aﬂmegawgtt plant. ‘Such a systeé wéuld likely have
to bebmaintained by remote.control; since the. fission products
would probably diffuse from the fuel elements and be carried

by the helium throughout the primary system.f

Liguid Metal MHD

Closed loop,liqﬁid metal MﬁD POWEY conversion_devices can be
Used as & topping cycle for the cdhventional.Rgﬁkine steam
cvcle or as a bottoming cycle with high temperature systeﬁs
such as open-cycle plasma MHD. One concept,éﬁploys thermal
energy (heat) to accelerate'a conductive working fluid (the

1

I

juid metal) S0 that it can pass through the generator duct
where it interacts with an eleCuromagneulc fleld to produce
electric.eﬂergy. Other approaches for acceleréting the liquid
metal are being evaluated. Using thermal energy to accelerate
the working fluid 1nvolves a two component sttem where the
heeted %iquid metal is mixed with an inert gas to form a
homogeneous two-phase mixture which is expanded-throﬁgh the
MHD generator. ‘Thé phases are then separated~énd thé liguid
pumped back to the heat source. The gas 1is paésed through

a regenerator, to conserve the internal energy of the gas, and
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through & heest exchanger which a2llows the waste heat to be
rejected at any arbitrary temperature above the ambient
surroundings. The cooled gas is compressed and passed back

to the mixer via the regenerator.
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Fuel Cells

A fuel cell is an electrochemical device capable of converting
into_électrical energy part‘of the free enefgy of the reactants,
which are stored outside the cell itself. Its four basic com-
ponents are fuels, oxidants, electfodés, and'e;ectrolytes.

The human body is itself a fuel-cell sysfem: the fueli(food),
in an electroiyte (blood), is oxidized catalytically

(enzymes) to produce energy, part of which is electrical.

k successful fuel cell (hydrogen-oxygen) w?sifirst operated in
England in 1839 by Sir William Grove. In 1959; in England, a
fuel-cell poﬁer unit and, in the United States, a fuel-cell-
driven tractor were demonstrated. At this point, the fuel cell
ceased to be a laboratory curiosity and begame a significant
device for energy conversion and power genération. Too, the
number of institutions doncerned with fueleceil technology
mushroomed, so that hundreds of government, industrial, and

university laborztories now are engaged in basic and applied

research in this area. NASA's recent specificétion of fuel

cells for auxiliary power in certain space projects recognizes

the coming of age of the fuel cell,

Predominant among the many potential advantages of primary fuel

cells, relative to other devices, is the -direct-conversion

feature: they are not subject to “he Carnot-cycle efficiency
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1imit that is imposed 6n all heat engines. The theoretical
1limit to the efficiency of fuel cells is thé thermal or

ideal efficiency. A F/ AH, the ratio of the changes in free
energy to total energy of the chemical reaction. Though this
might be morevthan 90 percent, practical fuel cells are ex-
pected to operate at LO- to 75-percent efficiency. Higher

numbers are unlikely because the voltage drops as more and more

l.h

current is drawn from & fuel cell, necessitating & compromise

between efficiency and power obtained per cell.

In contrast to thermal powerplans, the efficlency of fuel cells
is independent of size, although overzll system efficiency will
be effectied by the possible need for parasitic power (e.g., to

drive pumps) and by the efficiency of DC-DC converters or

DC-AC invertersg if these are required..

For part-load use, they have a lower relative fuel consumption
than at full load, whereas engines consume relatively more fuel
under suchbconditions. Thus, fuel ;ells 111l be particularly

advantageous when power profiles vary"wiéely'—;as for freguent

stop-and-go or on-off cycles.

The fuel cell itself has no moving mechanical parts, although

most fuel-cell systems will need pumps and valves.




-.15 -

The reaction products of fuel cells using conventional fuels
and a;r are expected to be mainly carbon dioxi&e and water
(21lthough they.may emit some "unburned" reaction intermediates);
nitrogen and other inert constituents of the.éir will be
ejected unchanged. Such innocuous préducts ére a necessity
for powerplants operating in closed areas.’.Because they mini-
mize the noxious products and release them in more highly .con-
centrated strsams which are more easily purified, fuel cells
could ccntribuﬁe-toward solving the problem of air pollution

from exhaust fumes 'in urban areas.

Power densities cannot compare with those of engines, Tfor a
gasoline engine can develop about 20 kw per cu ft, compared

vwith perhaps 1 to 5 kw per 3 cu £t for present fuel cells.

Fuel cells can be classified by aﬁj'of severalicriteria:

a. By electfolyte, which designates either basic or acid
systems. Many different acids and bases havé been studied.

b. By form of electrolyte. This would include free liquids,
restréined liQuids (contained in a membréne,.mét, or matrix),’
rastes, solids, or pseudo-solids. |

C. fuel. Hydrogen, alcohol, and coal are representative

clgg'

examples.



d. By fuel form -- gaseous, liquid, or solid..

e. By temperature, although the boundaries are arbitrary and
not sﬁarply defined. TLow, up to about 300°F; intermediate,

to about T50°F; high, to 1,470°F; and very high, above 1,470°F.

Oxidants for fuel-cell usc are generally limited to oxygen, air,
and hydrogen peroxide. The electrodes employed depend on the

form of the reactant and nmay be porous, nonpodrous, Or eVven con-

sumable.
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Thermionics

Thermionic conversion produces electrical ehéfgy directly
from»ﬁeat energy without use of moving mechanical parts.
Electron emission from metals heated To high;%emperatures

is known as the Edison effect. In the conﬁéﬁtion&l vacuum
tube, heat applied to an emitter (the cathode) causes elec-
trons to ”boil“ off its surface; a positive voltage applied to
the collector (the anode) pulls the freed electrons across the
vecuum gep. In 2 thermionic converter, the fhermal energy of
the free electrons is raised by'heating the. émitter to a high
tempsrature (1,000° to 1600°C) so that the electrons travel to

the collector without tV aid of an applied woltage.

£ thermionic converter has a theoretical upper limit on its
efficiency, as given by the Carnot equation. The thermodynamic

cycle is the transport of electrons (the working fluid) from
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ollector, through an externally cohnected electrical
lozd, and baék to the emitter. The elect ron gas 1s electricelly
charggd and therefore its passage through the 1nuersnace between
the electro des constitues a current flow generated directly
by the heat supplied td vapo ize the electran fluid from the
emitter. This curfent, returning to the emﬂtuer through the

external circuit, may thereby deliver power to an electrical

lozad.




A typical converter of this type. comprises emitter and

collector electrodes, separated by & narrow gap filled with
cesium vapor. The function of the cesium is to reduce re-:

sistance to the electron flow and thereby réiée electriczal

oﬁtput, the.interelectrode spacing is.filled with ionized

cesium vapor at pressures fanging between 0.1 and 10 mm Hg.

in the early work on vacuum converters, the current® were
extremely sméll because a cloud of electrons formed a spaée—
charge barrier between the electrodes, limiting the number of
electrons that could floﬁ to the current collector. If space-
charge effects are not eliminated, it is impossible to get
current densities greater than 1 to 2 amp per =4 cm of

emitter surfzce to flow from emitter to collector, even in
diodes with electrode spacing of the order of 0.0005 inch.

AT 2 normal oﬁtput voltage of 0.5 volt, the maximum power-
output density obtainable for such a vacuum device is less

than 1 watt per sG cm.

The recesnt upsurge of interest in thermionic conversion began

™

round 185

~J

with several investigations of ways to neutralize the

3}
e}

zCe C

v

1erge in order to obtain useful power output; i.e.,

: N
current densities of 5 to 10 amp per sg cm. Almost all presznt
day thermionic converters may be categorized according to the

technicues ased for overcoming space charge effects between the

electrodes.
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Four basic types of converters have evolved-ffom.studies of
technigues to neutralize space charge:’ |
2, A vacuum converter with extrémely close_elécﬁrode spacing
(of the ord'r} 0.00025 to .0.001L 1nch)
b, A high- or low-pressure ce51um-vanov—f111ed converter in
which positive‘cesium ions are formed by thermsl ionization
et & hot electrode surface. Thesevare alsdvkﬁown as Langmuir,
surface-ionization, or contact-ionization devices.
c. A high-pressure cesium~"aﬂor-filleé con%éfter in which

.21l gr most of the cesium ions form as a regult of volume '
ionizetion (electron impact, photon exc1uatlon, mu ulple COTlTSlODGJ
etc.) in the‘inﬁerelectrpde space. These devi¢es are also known
as arc-mode or-ignited-mode devices. . ' j”_i- ' .

d. Triode devices, 1n which a third eleCurode is 1nserued betwesen

the mein emitter and collector. Th1s third eleCu“ode within the

thermionic converter produces ions and injects uhem into the space

C'”

ctween the erltuer and collector. The advantage is the

"'J

Fal
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regin the emitter from its dual role of ionizer and electron

a

tter. The disadvantage is the additional mechenical com-

IJD

m

o

plexity, as well as the necessity of providing the third elec-
trode with the energy for lonization.
v o

sct- canvors1on techniques have certain clear~cuu ad-

et
’..J
l_l
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vantages ovar conventional electric-power generators, primarily
silent operation, greatly increased operating life, and low

mzinte nance.' Thermionic conversion, because it 'is an ultra-




high-temperature phenomencn, offers the additional benefit of
extremely high power density. The predicted advantages of
thermionic conversion over other'syétems are réduced weight,
compactness, high-temperature heat sink for rediation in space,

an

j@N
W

minimum number of moving parts. The heat that thermionic

devices reject at relatively high temperature may be used

topping cycles, space heating and air conditioning, and in

industrizl processes reguiring large amounts of heat.



Feher Supercritical GO, Cycle

In principle, the Feher cycie is similar to;fhe closed Brayton
cycle. A gaseous working fluid would be compreesed, heafed,
expanded in a turbine and cooled in a waste he exéhanaer.
Heat is transfe::ed-irem the hot uurblne exhau5u gas to the
COmpressoY discﬁafce gas in the recuperauor.: More complex
cycles employing inter-cooling and reﬁeat can;be_postulated

to increase plant efficiency. With an apprqﬁimetely l&OOOF

turbine inlet temperature, power plant efficiericies of 50

The Feher cycle and its variations differ from the Brayton
cyele in that, although at the high- temperature revlons of
the cycle the working fluid 1s well above 1its crl tical temper—

-

ature znd pre ssure, at the low-temperature end of the cycle

I

the fluid is near-critical, or possibly, subcr al. The

Tluid compreseibility under these conditions yaries sub-

stantially with the compressibilitj at low ﬁemperatu;es much
ller then at high temperatures. Hencé; thé?energy required

to compress and circulate the fluid is much eﬁeiler than in

& conventionzl Brayton cycle. Since the fluid ﬁust operate

near 1ts critical point at the low temperature end of the

vcle to take advantage of the low pumping power feature, the




pressure levels are set by the characteristics of the working

fluid. Wnile many fluids can be considered for use in the
Feher cycle, carbon dioxide (COQ) eppears to be the most
practical choice at present. This fluld is inexpensive,

nontoxic, and relatively stable.

The mejor advantage of the Feher cycle is its compact turbo-

(93

machinsry. The combination of low pressure ratio, as well as

[y
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moleculay welight and density, results in'much smaller
turbomechinery than that of steazm-based power plants. This
results in additional savings in piping, suppdrt structure
and.building cize requirements. Since the cost of the turbo-
machinery and associated hardware is a signifiéant fraction
of the total capital cost of the power plant, the cost
savings can be substantial. 1In addition, the higher average
heat rejection temperature compared with steam systemé would
reduce somewhat the size 6f dry cooling towers and the cost

of these components if they are employed.

Two small supercritical €O, test rigs have been operated for

brief period

mn

and the thermodynamic and transport properties

of suprercritical CO, have reen established. No large or

(]

ntegrated power systems have been opereted.



APPENDIX 3

MHD PROGRAM (AS OUTLINED IN DOI ADVANCED POWER
CONVERSION TASK FORCE REPORT DATED DEC.. 13, 1973)

Mzcnetohydrodynamics (MHD). Specific milestone§,'§rogram funding
end program analeié charts of the National MHﬁ Prdgram are
referenced as Figures 1 and 2. This national prbg?am has been
developed coopefatively with EPRI and is the recommended program

for cosponsoring with EPRIL.

1. Description. MHD is a system for generating electricity

wherebv = movine conductor (ionized gas) is used.in a magnetic
=

4
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ther than the rigid conductor in the conventional generator.
The system i1s particularly suitable for use with a.coal gasifier
since the high heat content of the MHD exhaust can be used in the

gzzification process, producing a net gain in efficiency.

2. PBenefits.

z. JIncreased efficiency in the utilization of fuel.
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of 60% or more are theoretically possible.

b. Cen be adopted for use with other thermodynamic
cyeles using coal or coal derived fuels with no_additiénal environ~

mentzl impact asbove that of the cycle with which it is combined.

3. Problem areas. The major identifiable problem areas

th

i

i

o |
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s time are:
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2. Cheannel materials and construction techniques

must be improved.
b. Air preheaters--additional development reauired.

c. Seed recovery--methods and materials for the

recovery of seed material injected into the gas stream to enhance

conductivity must be perfected,.

d. Electrode devglopment-—electrode technology must

be adveanced.

L. Plan of action. The recommended plan of action to be
accomplished in two phases involves the following six areas of

effort (Reference Figure 1):

(1) Basic Technology Development

(2)' System Engineering and Plant Design
(3) Component Design

(L) System Testing

(5) Large Scale Generator Develop@ent

- (6) US-USSR Cooperative Program

-

2. Phase I. Using AEDC's MHD facilities; tests will be
conducied to demons trate 65% to TO% energy extracfion by a MAD
channel, Using the USSR U-25 MHD facility, it ﬁill be demons trated
that a large scale channel can be tuilt and opefated at reasonably

~

high power level for 100 hours or more. The cost of this phase

will be minimal since existing facilities will be utilized.




b. Phase II.
(1) Operate a large scale high pérformance facility
et 50 MWé output for 500 hours to demonstrate fhe_feasibility of

large scale components.

(2) Demonstrate the feesibility of integrated
operation of MHD systems on the smaller scale tést facility by
500 hours operation followed by 2000 hours operatiomn.

¢c. The individual areas involved in the above.

(1) Basic technology develonment.f-This category
provides the basic development Qtud:l.es needed to support component
design work. It includes tasks such as (a) coal ose technologies,
(b) materials dchlopmenu, (c) generator dlavnoctlcs, and (d) com-
bustion processes, and will include other bas;c uechno'log:_ee which
become identified in time and are required as 1npuu to component

development. In general then, guidelines for this work category

(2) Systems engineering and plaoﬁ dé;ign. This
tesk will define systems requirements for commeicial size MHD power-
plents. Guidelines will be set for component de51cn and systems
testing. Continuing efforts will be carried out to de31gp components,
eveluate systems, conduct economic studies, and seek help from
industry in addressing component deéign from a bféctical engineefing

standpoint,




I

Efforts will be directed toward developing mathematical models
to permit scale-up of eguipment and to correlate these models
with databobtgined in other tasks. Further efforts will be
directed toward designing a 250 to 350 MW demonsfration plant
for construction in FY 80. Environmental impaéﬁ studies will
be carried out to assufe compliance with Federal and State
regulations.

(3) Component design. Tne principal components
to be designed in this test are channels, burners, high tempera-
ture hest exchangers and gas cleaning-seed recovery systems.
The three superéonducting magnet designs are covered under
cztegories Generator Development, US-USSR Cooperative Program,
end System Testing. The work will involve following on with the
U.S. MHD program.as it exists today to advance the state-of-the-
art in the meajor component design categories. Three principél
testing sites exist, namely, UTSI, Avco, and Westinghouse. It

is expected that these will form a basis for continued development.

Development information obtained in component design test will

support zlso the Systems Engineering and Plant Design tesks and

-

7111 provide guidelineé for the Basic Technology task.
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() Systems testing. An intermediate scale
50-60 M thermal MHD system is proposed which is_large enough to

rovide significant tests and small enough to incﬁr only reasonable

o
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s. This system will include all components of a total'power

th a MHD topping cycle (including burqér, channel,

=
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superconducting magnet, air heater), a steam bottoming cycle,

seed recovery, and exhaust gas cleanup. The testing facilities

=
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11 be used to: (a) identify and permit solving of system

problemsz, (b) identify and permit'solving of problem concerning

[4H]

uxiliery equipment in MHD unit, and (c) verify compliance with

EPAL regulations. - It is planned that this system be built as soon

Sl
[67]
e

ossible in Phase I so that it will be available for testing

ot

the ezrliect date.

n

(5) Large Scale Generator Develqpmeﬁt. Two
separate large scale generator development prqjééts are~considered:
ong which has staited in FY T4 involves the teéﬁiﬁg at AEDC using
the existing MHD facility with modified burner,’ and magnet and
r.evw channels to establish that high énthalpy exéfaction at high
turbine efficiency is technically feasible. Thgfo%her large sceale
high performance demonstration test to be run:aﬁ_é'high overall

efficiency will be conducted in a MHD facility specifically

‘designed for the test.

The primary difference between the second facility and the existing
AEDC facility as modified is that the second facility will use:

coal or coal gas purners, superconducting magnet, advanced- channel
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design, &ir preheaters and inverters. The advanced large scale

demonstration facility will be designed specifically to establish

thet

l_h

t is posSible to build a MHD system to dperate over a
long durztion of 50% or higher efficiency and thus to justify
the construction of a large demonstration plant of the order’

of 250-350 MW of electfic power from the MHD generator starting

in FY 80.

In addition to thé primary objective stated above, the large scale
demenstration plant, built in Phase I, will be'gsed to test
advanced componént designs for burners, heat exchangers, 1lnverters
and channels using a range of fuels including di:ect combustion
of cozl. Finally experimental measurements can be made to

investigzte plasma flows and to correlate performance with scaling

(6) US-USSR Cooperative Program. The U.S. is
committed to provide: (&) a generator channel for testing on
the USSR U-25 MHD facility, (b) a superconducting magnet for

installation on the USSR U-02 MHD facility, (c¢) a coal combustor

for test on he USSR ENN II facility, and (a) c&ndidate channel

electrode and insulator materials to be tested on the U-02. The
principal adventage to the U.S. is experience gained in testing 2
channel design and candidate materials for a reasonably long
duretion at moderate power levels in a large MEHD facility at
cost to the U.S. The secondary advantages to the U.S. are the

erials test results gained in testing U.S. candidate materials

moderate
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in the U-02, diagnostic results from the U-25, results of

superconducting testing on U-02, and coal combustor experimental

[
mn

esults from the ENN II.

5. Funding (Reference Figure 2);
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MHD Cycle

Phase 1 - Lafgé Scale Testing on
Existing Facllities and
Component Development

" Phase 2 -

(a) Large Scale High Performance
Facility and Integrated
System Development Tests

(b) Demonstration Plant,
250-350 MWe '
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Figure 2. Program for Advanced Energy Conversion Systems

Proposed
FY 7k Program FY 76 - FY 79
Magnetohydrodynamics 5.30 | 20.00
Fuel Cells o 0.50 : 1.50
Potassium Topplng . 100 7,00
Feher Cycle 0.50 - 2,00
Gas Turbine . . * 1.50
Engineering Evaluations - 0,30 1.0
‘Bottoming Cycles - -~ 0.50
Totals (Advanced Energy - S
Conversion System) . $7.60 $33.5 S $250.00%

* Low B.T.U. Program is supporting some Gas Turbine development (mainly
in the area of particulate and sulfur removal).

¥% This assumes that only one system will eventually be carried through
to completion.




Fuel Cell PIC Briefs

PIC #
1466

1509

2196
2200
22U6
2314

2409

Title

Mass Transfer in Fuel Cells (Physical prop-
erties of electrolyte solutions)

Tlectrochemlcal Cells with Fused-Salt
Tilectrolytes (Thermally regenerative cells)

The Hydrogen-Deuterium Exchange of Hydro~
carbons at a Fuel Cell RElectrode (hydro-
carbon reactions at electrode)

Mechanism of Hydrocarbon Oxidation on Fuel
Ccell Electrodes (how hydrocarbons react at

electrode)

Electrochemlical Power Sources (Themis 840)
(Basic research)

Family of Open Cycle Fuel Cell Power Plant
Development (1.5 Kw, 0.5 Kw, 3 Kw and 5 Kw
power plants) :

Hydrogen Generator for 0.5 Kw Fuel Cell
System (design, construct and test)

High Power Density Fuel Cell for Alrcraft
High Power (hydrogen-oxygen cell)

Regenerative Fuel Cell Follow-On'forHSatellite
Secondary Power (development of energy
storage system, program completed)

Proponent

NASA-Lewls

ALC~ANL

Ft.‘Beivoirx

U. S. Army
inhouse

U. S. Army
I't, Belvolr
inhouse

U. S. Army

Pt. Monmouth

RPI

U. S. Army
Ft. Belvoir
P&W

U. 8. Army
Ft. Belvoilr

Energy & Research

Corp.

Air Force
WPAFB
P&W

Alr Force
WPAFB
P&EW

[%

FY 73
K
35.0

50 (1 Mn-Yr)

60 (1.2 Mn-Yr)

20 (0.4 Mn-yr)

73.0

182.0

6.8

250.0

116.0




PIC Title Proponent : FY 73

Y K

2529 fuuel Cell Technology Program (Acld) MASA-Houston I20.0
(fabrication and testing of a 5 Kw fuel cell G.T.
module, program complebed) .

2530 Fuel Cell Technology Program (Alkaline) (5 Kw - NASA-Ilouston 327.0
fuel cell on 1life test 3500 hours as of P&W
January 5, 1973, program completed)

2533, - Rotating Ring Disk Eleétroda Studies Applicable Aly Fdrée OSR - 68.4
"to -Corrosion Prevention, Fuel Cells, & State U. of N.Y. '
Batteries (deposition of metals)

2538 Absorption of Molecules at the Electrodes Alr Force OS8R ?
of Batteries and Fuel Cells (Basic research) U. of Colorado .

2606 Fuel Cell System Experiments (applied NASA-Lewi.s 235.0
research on controls) internal

2608 Advanced Technology Fuel Cell Systéms (Life NASA-Lewls 500.0
testing - system design for Space Tug . P&W :

' power plant) _ e
2661 = Electrolytes for Hydrocarbon/Air Fuel Cell U. 8. Army - 28.0
(seeking new electrolytes) - Ft. Belvolr
ANL
“;2667- ' Electrolytes for Hydroéarbon/Air Fuel Cell c U, 8. Army - 0 L 27.00 o
) a ‘(seeking new acld electrolytes) . . ©° . ... Energy Research - B
. AT L CoQorD s e T

2685 Hydrogen/Nickel Regenerative Fuel Cells for Air Force 31.6
Satellite Energy Storage (build 6-50 ampere- WPAFB ’
hours cells) ‘ : _ TYCO Labs.




PIC #

2690

2702

2715

2718

2720

Title

Inplantable Biologlcal Fuel Cells_(eventually

for artiflclal heart system)

High Voltage Fuel Cell Assembly (inter-
connected groups of small fuel cells)

Alkaline Tuel Cell Decay Mechanisms.
(predicting degradation)

Radiolytic Preparation of Powered Metal
catalysts for Use in the Hp-0, Fuel Cell
(new electrode catalyst)

Advanced Membrane Fuel Cell gtudies (new
deslgn evaluation)

Eggponent

NTH
TYCO Labs.

U. 8. Army
Enevgy Research
corp.

NASA-~Lewls
Tnternal

NASA-Lewls
internal

NASA-Lewls
G.I.

10.0

15.0

75.0



PIC #

1054
1179
‘1763
2014

2283

2h3h

2436

2579

Gas Turblne PIC Driefls

Title

Turbine and Compressor Performance (testing
BRU compressor and turbine) program completed

Bxperimental Study of Brayton Cycle System
(to develop an integrated Brayton Cycle -

- Bystem)

A GT-1500 Gas Turbine Development (to detrelop
a 1500 HP vehicular turbine)

Materials Deﬁelopment for Second Generation -
Navy Shipboard Gas Turbines (to improve the

‘efficlency, life and reliabllity)

Turbine Powered Generators (development of
10 Kw turbo-alternators)

Reactor Brayton ﬁéat Lxchange and"Ducting'

Assembly (HXDA) (to develop above for a poWep

system producing fiyom l5_to'80 Kwg ).

Airborne Auxiliary‘fOWér Unit'(APU§ (design . :
and component testing of hydg?%ﬁne‘turbine).,‘
2514

Heat Transfer Problems in Advanced Gas
Turblnes for Naval Applications (fundamental
investigations of gooling turbine blades)

~Proponent I

NASA-Lewis

. Air Force

2

73
K

NASA~Lewls

U..S. Army L 2,734.0

Tank Command
“AVCO

U. 8. Navy _ 255,0
R&D Center Md.
internal

U. 8. Army ' 7
Ft. Belvoilr *
International .

Harvestor Corp.

NASA-Lewis _ 74.9
Air Research Corp.

- Rockwell International ™ -
ONR 18.0

U. of Minnesota

25 (.5 mn-yr)

400 (8 mn~yr)

.-i-{...




2637
2638

2639

2680

Title

Space Shuttle Auxiliary Power Unit (APU)
(design, fabrication, development and

endurance testing of a
oxyegen turbine engine)

Investigation of Gas B
(develop a gas lubrica
and bearing system for

small Turbine Advanced

00 HP hydrogen-

earings for Gas Turbines
ted main rotor shaft '
small turbo-alternator)

Gas Generator (STAGG)

for Army Aircraft (integrate compressor,

combustor and turbine
gas -generator)

Small Turbine Advapnced
for Army Alrcraft (see

Small Turbine Advanced
for Army Aircraft (see

Small Turbine Advanced
for Army Aircraft (see

Investigate Techniques

into a self-sustaining

Gas Generator (STAGG)
above)

Gas Generator (STAGG)
above)

cas Generator (STAGG)
above)

for Fabrication

of Small Radial Turbine Components from
siiicon Carbide (turbine wheels from Silicon

carbide using a CVD process)

Corp.

Proggpent

NASA-Lewls
Air Research Co.

"U. S. Army
. FPt. Belvoir

Franklin Institute

U. S. Army

P&W
U. S. Army
I't. FEustus
AVCO
U. 8. Army
Ft. Eustus

Air Research

Uu. S. Army
Ft. Eustus
William Research

U. S. Army

Ft. Belvoir
Energy Research
Corp.

FY 73
PK

87.0
13.7
875.0
1,231{0
805.0

718.0

8.4




PIC #
562
1066
1518
2020

2058

2186

é323'

MED PIC Briels

Ttle

MHD Generator Study (studying the operation
of non-eguilibrium MHD generators)

Tnvestigation of MHD Power Generating Devices

. (evaluate the feasibllity of generating MHD

power with a cesium seeded argon gas through
the use of non~equilibrium ionization)

Non-Equilibrium Phenomena in Flowlng Plasmas
for MHD Power Generation and Propulsion
Systems .(basic research in plasma phenomena)

MHD Plasma Investigatlons (baslc research
in plasma phenomena)

MAD Power Generation Research for Advanced
Plasmadynamic Electric Powelr Sources
(theoretical and experimental investigations
of combustion driven MHD generators)

Non—Continudus Magnetofluidynamic Flows
(plasma research) '

" Experimental Airborne MHD Generator Research '

(test at APL produced 210 Kw MHD Power)

Proponent Y73
$K

OHR 200.0

GE

NASA-Lewis 150.0 (9 Mn-Yrs)

Air Force 68.6

OSR

Stanford Uaniv,

ONR

Colorado State 33.0

University

]

Alr TForce ?\

.03R . >

Univ. of Tennessee. ¢

Air Force

0S8R

Tel Aviv | [4
:.University of Israel = . -
" Ailp Force WPAFB =~ 93.6

_Systems Research TLab.




PIC #

235
2355

2356

oli1g
ol 20

2452

Title

Production of High Density Uniform Plasmas
for Advanced MHD Generators (plasma research)

Tnteraction of Forced Convection and Magnetic
Fields with Arc Plasmas for Advanced MHD
Power Generators (plasma research)

Non-Linear Time-~Dependent Phenomena Applicable
to Advanced MHD Power Generators (analysis

of the operating characteristics of MHD
generators) ‘

Disk Geometry MHD Generator for High Voltage,
High Power Aircraft Requirement (feaslibility
tests completed)

Multi-Burst, High Power MHD Generator for
Alrcraft (to obtain criteria for MHD channel

design)

Limiting Mechanisms in Aircraft Generator
Performance (investigate limitations of
the Hall field in combustion MHD generators)

Proponent

Alr Torce
OSRO
AVCO

Alr Force .
New York State
University

Air Torce

OSR

STD

Research Corp.

Alr Torce
WP ATB
AVCO

Air Force

" WPAFB

AVCO

Alr TForce
WPAFB
Stanford Univ.,

FY 73
K

67.2

60.0

200.0

162.0

137.4



2669
2670

2683

Solld Tueled MHD Generator for Alreraflt
High Power (demonstrate operation of a
50-Kj, explosive MHD generabor)

Liquid TFFueled MHD .Generator for Aircraft

"High Power (demonstrate operation of a

20 Kj/pulse repeating pulse generator)

Ligquid Metal MHD (experiments on two phase’
MHD generators) .

Colloidal Plasma Study (study the enhancement
of ‘electrical conductivity by dust suspensions
in noble gases)

MHD Taser (determine the capability of a
MHD generator to operate as a MHD laser)

Two~Phase MHD Generator (to design and
construct a-two-phase MHD generator)

" Superconducting MHD Magnet Testing'.
(performance test a U4O-kilogauss.super-
. -Qan}lqting magngﬁ)" A

Proponent

Air Torce
WEPAFD
Hercules Inc.

Air Force '
WPATB

CAVCO -

ONR
ANL

ONR

India Institute
of Technology
New Delhi

ONR

- GE

ONR
ANT,

"Alr Force

WPAFB . .
Magnetlic Corp.’S

-+ of America .

FY 73

:'pK

191.0

194.0.

130.0

30.0

92.3

?350.0

30.0




PIC #

2684

2701

Title

R CRAEERRETAY

Ixtended Duration MID Power (dasign,
construction, installation, and testing
of a one-minubte duration MHD power generator

Dynamic System Study for Two-Phase Liquid
Metal MHD-Reactor System (analysis of the
transient behavior of a llquld metal MHD

power system)

)

Proponent

MAir Torce

WPAT'B

Systems Research
Lab. Inc.

ONR .
Applied Dynamlcs
Research Corp.

FY 73
K

120.0

60.0




~ Advanced Concepts PILC Briels

PIC # Title : Proponent TY 73
C | K
886 TSOTEC Technology Program (Lo develop and ATC ' 270.0
improve specific thermoelectric materials for GGA
space appllcabions)
L 2L '__ Transport Properties of TI and MHD Converters Air Force 50.0
o (basic research in plasmas) , CRL : ‘
. ’ - ‘ Internal
el " Thermoelectric Generator‘Systems (to establish U.5. Army 25.0
the feasibility of utilizing modular thermo= Ft. Monmouth
-electric power source units to power forward Internal
area communications and surveillance equipment)
135 * Energy Mechanisms in Plasmas (plasma research) Air Torce . 10.0
: : WPAFB : (0.2 Mn Yr.)
Internal -
. _ ©
11223 Electrofluldynamic Energy Conversion (basic Air Force 250.0
research _ WPAFB ' (5 Mn Yr.)
Internal
275 Piezoelectric Energy Converter Systems (to NTH - 201.0
. develop a plezoelectric driver for an Physics
- artificial left ventricle of. the heart) . .International -

- Company




214

257h

2187

2,89

Title

Thermoeleckbric Materials Fvaluation Program
TPM=217

. Tleven Hundred Watt Thermoelectric Power

Source (exploratory development model
thermoelectric generator for use in forward
area tactical operations)

Thermoelectric Generator Testing and Eval-
uation Program (life tests, performance tests
and analysis of thermoelectric modules and

generators)

Teasibility Evaluation of D-Cycle Tor Power
Generation (investigation of using an organlc
working fluid in thermodynamic cycle)

Investigations of Two Fluld EFD Alkali Metal
Processes for Aerospace Vehicles and Ground
pased Power Generators (basic research in
gas vapor mixtures)

One Hundred and Twenty Watt Manportable

 Thermoelectric Power Source (develop the above

for use in forward combat areas)

Electrofluid Dynamics Power Generation
to determine the performance characteristics

of axisymmetric EFD channels)

Proponent
AEC

U.S. Army
rt. Monmouth
IM

AEC

JPL

U.s. Army
D-Cycle

Power Systems
Inc.

Ailr Force
MIT

U.S. Army
3M

Air Force
WPAFB
TRW

Yy 73

K

300.0

20.0

200.0

20.0

62.5

93.0

30.0

_’['[_-
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APPENDIX 5

SAMPLE ALIOCATIONS OF MANAGEMENT AND EXECUTiON~ROLES
Fuel Cells (First Trial)

PRESENT PROGRAM - FY-T73
. K

SET

n
1

A
l_l

a. Msss trensfer in FC - NASA LeRC - 35K

b. Electrochemical cells with fused -
salt electrolites -~ AEC, ANL . 50K

c. H,-0, exchange at electrode o
USA Inhouse LT 60K

d. PyerCarbon reactions at eTeCurode .
USA inhouse P 20K

e. Basic Research on electrochemical o
power sources - USA - RPT | . 73K

b

Rotating ring electrode corrosion o
USAF, State University of New York - 68.L4K

. Adsorpu-on of molecules at eWeﬂtrodev_
USAF, University of Colorado %

h. Tuel cell controls - NASA LeRC in- -
house 235K

| o

Searéh for new eléctrolytes for f
H,/2ir - USA, ANL ¥ 28K

j. Search for new aclild electrolytes - o
USA, Energy Research Corporation .~ 27K

k. H, nickel regenerative fuel cells for )
s&tellites - USAF, TYCO Labs . 31.6k

1. High voltage fuel cell assembTJ -
USA, Energy Research Corporation ?

m. Alkasline Tuel Cell decay mechanism - .
HESA T.eRe inhouse _ o 10K



TASKS

n.

)
n
]
»
no

+3
0

tn

5
)

Task 6.

.S5KW Plant - USA ~ P -

PRESENT PROGRAM F§-73
K .

Radiolytic preparation of powdered
metal catalysts for H2/'O2 cells - -
NASA LeRC inhouse 15K

Advenced membrane FC studies - A
NASA LeRC-GE : 75K

Cpen-Cycle Power Plant Development Family
.5, 1.5, 3, 5 FW - USA - ®W 182K

Design, Construct, Test H2 Generator for

6.8K

Figh Power Density Fuel Cell for Aircraft
and regenerative Fuel for Satellites -

USAF ~ R&W . 366K
5KW acid FC module (completed) and — T47K
5KW alkaline -~ NASA, Johnson - GE _

, - P&W

Advanced (space training) ¥C testing
NASA LeRC, P&W . 500K

(From here on they are from P&W presentation.)

Tesk 7.

Demonstrate commercial for MW unit by
1978 - P&W, industry, utilities

Demonstrate 26MW unit at $185/KW by
early 80's - P&W, industry, utilities

Future Programs (Ray Report)
Build aﬁd-tést 7KW alcohol cell
Build and test 2 to 5MW by 1976
Build and test 20MW by 1977
Commercial demo UC KW field unit

Pilct tests H2 cell




-3 -

Task 14, Build (and test?) 10KW H, prototype -
Task 15. Build and test 10KW solid electrolite.

Tagk 16. Continued SRT




- L .

PRESENT

Tevel T TLevel IT Level TIT Level IV

NASA LeRC - LeRC IH

AEC ANL - ANL IH

US Army Ft. Belvoir - Ft. Belvoir TH

US Army Ft. Belvoir - Ft. Belvoir I¥

US Army Ft. Mommouth - RPI

USAF OSR - - State Univ. of
New York

USAF OSR - - Univ. of Coloredc

NASA LeRC - LeRC IH

US Army ANL - ANL IEH

US Army ? - TYCO Lebs

US Army - - Energy Reséarch
Corporation

US Army - - Energy Research
Corporation

NASA LeRC - LeRC IH

NASA LeRC - LeRC IH

NASA LeRC - GE

US Army - - P&V

US Army - - P&W

USAF WPAFR - P&W

NASA Johnson - GE, P&W

Utilities P&W Many Con- PEW

(Target) tractors .

Utilities P&EW Many Con- P&W

(Target) tractors

Utilities P&W Many Con- P&EW

(Target) tractors



Centers:

FUTURE
Tevel T Level IT Tevel ITT Tevel IV
Q ERDA NASA LeRC NASA LeRC P&W, GE
(ERDA ANL. =
Center) T
T P&W, in- P&W ERDA Center P&V
dustry, NASA LeRC
utilities, .
ERDA sub-
sidy
Tashk o oo eto) to]s]
Taslk Utility P&V, GE - P&W, GE
ERDA sub-~ . Construction
sidy . . Contractors
ERDA MASA ILeRC NASA LeRC P&W, GE-
(ERDA ANL : Energy Research
Center) Corporation
ERDA NASA LeRC -7 00
ERDA NASA LeRC - fele}
EZRDA NASA LeRC NASA TeRC GE, P&V, Energy
: ‘ ERDA ' Research Corp.,
TYCO, RPI, Ft.

Belvoir
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