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NOTICE

When Government drawings , specifications , or other data are used for any
purpose other than in connection with a definitely related Government procurement
operation, the United States Government thereby incurs no responsibility nor any
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is not to be regarded by implication or otherwise as In any manner licensing the
holder or any other person or corporation, or conveying any rights or permission
to manufacture, use, or sell any patented invention that may in any ey be related
thereto.

Section I of this report was accon~l ished by the Energy Cenvers$ ri Branch
Aerospace Power Division, Air Force Aero Propulsion Laboratory. It. David C. Hall
is technically responsible for the work.

Section II of this report was submitted by Burns & Roe, Inc., under Contract
F33615-77-C-3159. The effort was sponsored by the Air Force Aero Propulsion
Laboratory, Air Force Systems Coninand, Wright-Patterson AFB, Ohio, under Project
3145, Task 23, and Work Unit 12 wIth Lt. David C. Hall as Project Engineer.
Dr. A. Carison of Burns & Roe was technically responsible for the work.

This report has been reviewed by the Information Office, (ASD/OIP) and Is
releasable to the National Technical Information Service (NTIS). At NTIS, It
will be available to the general public , Including foreign nations.

This technical report has been reviewed and i~ approved for publication.

David C. Hal l , Lt, USAF
Project Engineer
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FOREWORD

This is the final Technical Report on the USAF Terrestrial Energy

Study conducted by the Energy Conversion Branch , Aerospace Power

Division. The effort was jointly sponsored by the Power Systems

Division, U.S. Department of Energy, and the Aerospace Power Division,

Air Force Aero Propulsion Laboratory, Air Force Systems Command,

Wright Patterson .AFB , Ohio under Interagency Agreement #1013. The

work herein was accomplished under Project 3145, Task 23, Work Unit

Number 12. Lt David C. Hall, AFAPL/POE, is the responsible project

officer. The work was accomplished by Burns & Roe, Inc. Woodbury, N~(.

/
NTIS .~~ 

-
DDC

- —

j i- c

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

-

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

- 
. 

-

~~~~~~~~~~~

- 

-
- _______nr___ .--a~~~~ ~~~~~~~~~~~~~~~~~~~~~~ 

-~~ “~~~~- 



TABLE OF CONTENTS

SECTION PAGE

I Introduction 1

II Use of Report 2

III 50 Megawatt , Continuous Duration ,
Power Systems . 25

IV 50 Megawatt, One Hour Durat ion,
Power Systems 47

V 10 Megawatt , Continuous Duration,
Power Systems 68

VI 10 Megawatt, Eight Hour Duration,
Power Systems 70

VII 10 Megawatt , One Hour Duration ,
Power Systems 112

11111 ‘~‘5O Kilowatt, Continuous Duration,
Power Systems 133

IX 250 Kilowatt, Continuous Duration,
Power Systems 154

X 50 Kilowatt, Continuous Duration,
Power Systems .175

XI 50 Kilowatt, Eight Hour Duration,
Power Systems 196

XII 50 Kilowatt, One Hour Duration,
Power Systems.  218

XIII 10 Kilowatt (28V DC), Continuous Duration,
Power Systems . 239

XIV 10 Kilowatts (3,, 2140V) Continuous Duration,
Power Systems 260

XV 10 Kilowatt (i’, 2140V) Continuous Duration,
Po~rer S~rstems .., ..281

XVI 10 Kilowatt (14i , 120V), Continuous Duration,
Pover Systems . . . . . 302 

~~~~~~~~~~~~~~~~~~~~~ 
-
~~ ~~~~~ ~~~~~~~~~~~~~~~~~~~ -- - - ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~



TABLE OF CONTENTS (coNT ‘D)

SECTION PAGE
.5

Xvii 10 Kilowatt ( 28V 1c),  Eight Hour Duration,
Pow er Systems .  323

XVIII 10 Kilowatt (3 , 240V ) ,  Eight Hour Duration,
Pover S~rstems . .  344

XIX 10 Kilowatt, One Hour Durati~,n ,
Power Systems . .  365

___ 

‘,~



- ~S ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ - ——- - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — -.-~~~~~~~~ - --..—~..- - - - - -

I —

LIST OF TABLES

Table No. Title Page No.

1 Types of Energy Conversion Systems 3
2 List of Parameters 4
3 Ground Power Requirements

Included in Report 
. 5

4 Abbreviations 7

5 Abbreviations 3

/

-
‘ I.

5-
1~

vii 

-—

1 ” .~ ~~~~~~~~~~~ t- 
- —- .____ p ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~-~~~ - - -



.5 -

SECTION I

INTRODUCTION

This report details over two years of work by the Energy
Conversion Branch, Aerospace Power Division , on USAF terres-
trial energy requirements and possible methods of satisfying
those requirements. Our main objective was to determine how
the U SAF could achieve the most efficient terrestrial energy
use state possible , both in terms of resources and mission
impact. In order to fully meet this objective, the governing

parameters of the study were formulated considering not only

the technology options , but also practical areas of logistics ,

utilization , maintenance, and management.

This report is in three sections plus an Executive Summary.
The first section describes the USAP terrestrial energy require-
ments, both base level and lower. The second section indicates

the energy conversion technology that is applicable to USAF needs

and includes a comprehensive data base on all these technologies.
The third section gives a breakdown of the technologies most

generally useful to the USAF and a preliminary estimate of their

amount of potential , both in numbers of units and energy savings .

1.
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SECTIO~4 II

USE OF THE REPORT
.5

This Volume contains the Summary Data Display

which presents the data in a format which enables the

user to make a rapid comparison of the energy conversion
system alternatives for each of the sets of electric

power requirements. The data included in this volume

are also included in Volume I, the Energy Conversion
Systems Handbook. Table I contains a list of the types

of energy conversion systems included in this report an4
indicates the power levels for which each system is con-
sidered. Brief descriptions of each of the energy con-

version systems are included in Volume I. Table II is a

lis t of the parameters for which charts are presented in
each chapter of the Summary data display. Detailed defini-

tions of each of the parameters are given in Volume I.

Table III is a list of the power requirements which have

been established by the U. S. Air Force. Definitions of

the power requirements are given in Volume I.

The Summary Data Display is subdivided into seventeen

chapters: one chapter for each of the requirements listed

in Table III. Each chapter contains a set of charts which

show the values (quantitative or qualitative) of the para-

meters. There is one chart for each of the parameters.

Two types of charts are included according to whether the
parameters are qualitative or quantitative. The data for

the qualitative parameters (Nos. 7, 8, 9, 11, 13, 14 and
17) are presented in the form in which they were presented

in Volume I and the reader is referred to Volume I for an

explanation of meanings of the qualitative data. The data

for the quantitative parameters (Nos. 1, 2A, 2B, 3, 4A,
4B, 5, 6A, 6B, 10, 12, 15 and 16) are presented in the
form of bar charts.

2
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TABLE 2
LIST OF PARAMETERS

.5

Parameter 1. Acquistion Cost (1977 dollars)

Parameter 2A . Life Cycle Cost (1977 dollars)

Parameter 2B. Life Cycle Cost/Year

Parameter 3. Lifetime

Parameter 4A. Volume

Parameter 4B. Area

Parameter 5. Weight

Parameter 6A. Fuel Amount/Year

Parameter 6B. Fuel Cost/Year -

Parameter 7. Environmental Constraints
Pa rameter 8. Locat ion Constraints
Parameter 9. Operational Constraints

Parameter 10. System Efficiency

Pa rameter 11. Type of System
Pa rameter 12 . Start—up/Shut—down Times
Parameter 13. Growth Potential

Pa rameter 14. Reliabili ty
Parameter 15. Maintenance and Operation
Pa rameter 16. Other Energy Production
Parameter 17. Availability of Raw Building Materials

—4—
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TABI~E 3 —

U.S. AIR FORCE GROUNI) POWER
REQUIREMENTS INCLUDED IN REPORT ‘

power
Level Operating Mode Frequency/Phase Voltage Level

~~ • 50 Mw Continuous 60 Hz/3Ø 13.8 kv
2. 50 Mw 1 hour per day 60 Hz/3Ø 3.3.8 kv
3. 10 Mw Continuous 60 Hz/3Ø 4160 V
4. 10 Mw 8 hours per day 60 Hz/3Ø 4160 V
5. 10 Mw 1 hour per day 60 Hz/3Ø 4160 V
6. 750 kw Continuous 60 Hz/3Ø 4160 V
7. 250 kw Continuous 60 Hz/3Ø 480 V
8. 50 kw Continuous 60 Hz/3Ø 480 V
9. 50 kw 8 hours per day 60 Hz/3Ø 480 V
10. 50 kw 1 hour per day 60 Hz/3Ø 480 V
11. 10 kw Continuous DC 28 V
3.2. 10 kw Cont inuous 60 Hz/3Ø 240 V
13. 10 kw Cont inuous 60 Hz/].Ø 240 V
14. 10 kw Continuous 60 Hz/1Ø 120 V
15. 10 kw 8hours per day DC 28 V
16. 10 kw 8 hours per day 60 Hz/30 240 V
17. 10 kw 1 hour per day 60 Hz/3Ø 240 V

_ _ _ _

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ -.- -. ‘-. ~~~~~~~~~~~~~~~~~~~~~~~ 
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On each bar chart, the requirement and the parameter

in question are stated at the bottom of the chart. The ‘1
scale varies from chart to chart and is ind icated at the
top of each chart. The energy conversion systems are
shown in a column at the left side of each chart. The

abbreviations employed in the names of the systems are

defined in Table IV. There is one bar for each system

considered to be appropriate for the indicated require-

ment and parameter. If no bar is shown for a given system,

this means that the system was not considered to be suitable

for the indicated requirement and parameter.

The years for which the data are established for each

system are shown under each bar. For example, if the data

for a particular system are established for the years 1977

1985 and 1990, then the notation A)77 B)85 C)90 would

appear under the bar for that system. The bar itself will
then , in general, contain the letters A , B and C to indicate
the values of the parameter in question for each of the

three designated years. However, since each bar is composed

of finite segments or boxes, it is possible for the data

for more than one of the designated years to fall within

the same segment. When this occurs, a code is employed to
indicate which of the dates falls into a particular segment.

The code is summarized in Table V and works in thc
• following manner. If the data for the first and second

years fal l  into one segment , the letter “D” appears in that

segment and the letter “C” appears in the segment corres—

ponding to the data for the third year. If the data for the

- —6—
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• TABLE 4

ABBREVIATIONS EMPLOYED IN NAMES OF
ENERGY CONVERSION SYSTEMS IN ‘

SUMMARY DATA DISPLA Y CHARTS

I

TURB = Turbine
GEN = Generator
SC = Simple Cycle

RC = Regenerative Cycle
IGN = Ignition
ENG = Engine

PHOS = Phosphor ic
I MHD -= Ma9netohydrodynamjc

VAP Vapor

I

—7-
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TABLE 5

ABBREV IATIONS EMPLOYED IN BAR CHARTS FOR PARAMETER
NOS. 1, 2A, 2B, 3, 4A, 4B, 5, 6A, 6B, 10, 12, 15 AND 16

Dates of initial system implementation denoted by
letters A) , B) and C)_ below each bar.

Example: A)77, B)85, C)90 denotes the initial
implementation dates 1977, 1985 and 1990 for a
given system.

The letters A , B, C, D, E, F and G may appear as
parts of each bar.

ABBREVIATIONS

1. The letter A in a bar denotes magnitude of parameter
for initial date (e.g. ,  1977) .

2. The letter B in a bar denotes magnitude of parameter
for second date (e.g., 1985).

3. The letter C in a bar denotes magnitude of parameter
for third date (e.g., 1990).

4. The letter D in a bar denotes magnitude of parameter
for first and second dates (e.g., 1977 and 1985).

5. The letter E in a bar denotes magnitude of parameter
for second and third dates (e.g., 1985 and 1990).

6. The letter F in a bar denotes magnitude of parameter
for first and third dates (e.g., 1977 and 1990).

7. The letter G in a bar denotes magnitude of parameter
for all three dates (e.g., 1977, 1985 and 1990).



first and thir d ~‘ea~s ~fall i~ito one segment, the letter
“F ” appears in that segment and the letter “B” appears

in the segment corresponding to the data for the second

year. If the data for the second and third years fall
into one segment, the letter “E” appears in that segment
and the letter “A” appears in the segment corresponding

to the data for the first year. If the data for all three

years fall into the same segment, the letter “G” appears

in that segment.

In many cases, the range over which the parameters
vary for a single bar chart is very large. If the scales

of the charts are selected on the basis of fitting the

largest bars on the charts, the shortest bars may be too

small to discern. For those cases in which the data

exhibited by the shortest bars is important, the scale

is selected in such a manner that the largest bars may
extend beyond the range of the chart. Such excessively

long bars are shown extending the ful l length of the chart
and the magnitudes of the parameters are printed under these

bars.

—9— 
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LOGIC EXAMPLE

To illustrate the use of this data base , two examples are given . The
first example demonstrates the preferred method used in selecting an ener~ r .5

conversion system for a site where reliability and cost are important para-
meters . The second example demonstrates the preferred method used for a site
where low logistics burden ( fuel delivery , manpower) is of paramount impor-
tance. The site used for both examples is the test range near Nellis AFB,
Nevada . The power level chosen is 250 KW continuous .

The method used is as follows :

Step #1. Establish an appropriate weighting factor for each parameter.
Use a 0 to 10 scale, with the most important parameters having a factor of 10.

Step #2. Use the appropriate Summary Data Display charts to determine
the top five systems for each parameter. List them in priority order from
one to five.

Step #3. Determine the three sIstems that are consistently in the six
most important parameters .

Step #1.~ Us ing the appropriate Handbook data charts, fill in the quan-
titative or qualitative numbers for each system.

Step #5. Combine the weighting factors and the numbers from Step #1~ by
the equation shown below. 

-

DATA NUMBER x WEIGHTING FACTOR =

Step #6. Add together the results of Step #5 for each parameter to get
a total for each system. The system with the lowest total is the “best ”
system for your particular requirement and site.

This procedure should enable personnel requiring an energy conversion system
to establish the best one or two systems for their particular need. Once

-
• 

this is accomplished, a more rigorous design study of the chosen system
should be undertaken.

3.0
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EXA)~ LE #1 — 250 KW continuous system requiring high reliability and lowlife cycle cost.

Step #1. Establish the appropriate weighting factors for each
parameter. 

.5
PARAP~ TER WEIGHTING FACTOR
Acquisit ion Cost 6
Life Cycle Cost 10
Lifetime 8
Volume/Size 
Weight 1
Fuel 
Environmental Constraints 3
Location Constraints i
Operational Constraints 8
System Efficiency 3
Type System 

Start/Stop Time 0
Growth Potential 

Reliability 10
Maintenance and Operation 1
Other Energy Production 5
Materials Availability 0
Development Status 

The reasons for each choice of weighting factor are given below.

Acquisition Cost — W.F. = 6. A higher acquisition cost is acceptable if
greater reliability and/or lower LCC is provided.

Life Cycle Cost — W.F. = 10. The system is to provide power at the lowest
possible overall cost.

Lifetime — W.F. = 8. The facility to be powered will be a remote site
and the power system is to be built into the structure.

Volume/Size — WF. = 1. The power system is to be permanent. However,
the system muat be truck transported to the site.

Weight — W.F. — 1. The power system is to be permanently fixed. However,it must be truck transported to the site .

Fuel - W.F. — 7. The necessary fuel for the system must be trucked to the
site.

11
I
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Environmental Constraints — W.F. = 3. Some consideration is to be given
to pollution; however, the site is a necessary communications link.

Location Constraints — W.F. = 1. The power system is to be used at only
one site. If the system was to be used at numerous sites, this paramater
would have a higher weighting factor.

Operational Constraints — W.F. = 8. The power system is to be able to
operate unattended for long periods of time.

System Efficiency — W.F. = 3. The system efficiency impacts the amount
of fuel used (for fossil fueled systems) or the physical size of the systems
(for solar or nuclear systems).

Type System — W.F. = 0. The system is to be fixed. Any of the three
systems (mobile, transportable, or fixed) could be used.

Start/Stop Time — W.F. = 0. The system is to be in continuous operation,
with emergency backup for unexpected outages.

Growth Potential — W.F. = 14• Some growth of the site is expected and,
if possible, the existing power system will be expanded to meet that growth.

Reliability - W.F. = 10. The power system must operate with minimum
down time.

Maintenance and Operation — W.F. = 1. This parameter is covered, for
this particular case , under the LCC and Operational Constraints parameters.

Other Energy Production — W.F. = 5. A system capable of providing both
electrical and thermal energy in the proper proportions would be the most
energy efficient.

Materials Availability — W.F. = 0. Only one of this system is necessary.
If more were to be built, this parameter would assume greater importance.

Development Status — W.F. = 4. This system is scheduled to be purchased
in FY82.

Step #2, Use the appropriate Summary Data Display charts to determine
the top five systems for each parameter. List them in priority order from one
to five.

PARAMETER LISTING OF SYSTE!’~

Acquisition Cost 1. Fuel Cell
2. Diesel Engine
3. Spark Ignition Engine
4. Gas Turbine Engine (Sc , CF)
5. Wind Turbine (20— 5 )

12
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PARAMETER LISTING OF SYSTEMS

Life Cycle Coat 1. Diesel Engine
2. Fuel Cell
3. Wind Turbine (20—1)
4. Gas Turbine Engine (Sc, CF)
5. Spark Ignition Engine

Lifetime 1. Thermionic
2. Gas Turbine Engine (SC , CF)
3. Solar Turbine
4. Fuel Cell
5. Diesel Engine

Volume/Size 1. Diesel Engine
2. Spark Ignition Engine
3. Fuel Cell
4. Gas Turbine Engine (Sc, CF)
5. Wind Turbine ( 20—1 )

Weight 1. Gas Turbine Engine (Sc ,CF)
2. Diesel Engine
3. Spark Ignition Engine
4. Fuel Cell
5. Vapor Turbine (NP )

Fuel (Use/Year) 1. Wind Turbine
2. Photovoltaics
3. Solar Turbine
4. Fuel Cell
5. Diesel Engine

Environmental Constraints 1. Fuel Cell
2. Photovoltaics
3. Wind Turbine
4 . Radioisotope
5. Solar Turbine

Operational Constraints 1. Fuel Cell
2. Diesel Engine
3. Wind Turbine
4. Gas Turbine Engine (SC ,CF)
5. Spark Ignition Engine

Location Constraints 1. Fuel Cell
2. Diesel Engine
3. Gas Turbine Engine (Sc, CF)
4. Spark Ignition Engine
5. Radioisotope

13
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PABAI4ETER LISTING OF SYSTEMS

System Efficiency 1. Fuel Cell
2. Diesel Engine
3. Wind Turbine
4. Gas Turbine Engine (SC, CF)
5. Spark Ignition Engine

Type System 1.
2.
3. All systems could be used
14,

5.

Start/Stop Time 1. Diesel Engine
2. Gas Turbine Engine (SC, CF)
3. Spark Ignition Engine
4. Wind Turbine
5. Photovoltaics

Growth Potential 1. Fuel Cell
2. Photovoltaics
3. Wind Turbine
4. Diesel Engine
5. Radioisotope

Reliability 1. Fuel Cell
2. Diesel Engine
3. Spark Ignition Engine
4. Gas Turbine Engine (SC, CF)
5. Radioisotope

Maintenance and Operation 1. Fuel Cell
2. Diesel Engine
3. Gas Turbine Engine (Sc , CF)
14. Spark Ignition Engine
5. Gas Turbine Engine (Sc, NF)

Other Energy Production 1. Gas Turbine Engine (Sc, cF)
2. Spark Ignition Engine
3. Solar Turbine
4 . Vapor Turbine (NP )
5. Diesel Generation

Building Materials 1. Diesel Engine
2. Spark Ignition Engine
3. Gas Turbine Engine (SC , cF)
14. Wind Turbine
5. Thermionics

114
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PARAMETh~ LISTING OF SYSTEMS

Developaent 1. Gas Turbine Engine (Sc, CF)
2. Diesel Engine
3. Spark Ignition Engine
4 . Fuel Cell
5. Wind Turbine

Step #3. Determine the top three systems that consistently show up
in the parameters . For this example, the systems are Fuel Cells, Diesel Engines,
and Gas Turbine Engines (SC ,cF ) .

Step #14. Using the appropriate Handbook data charts , fill in the
quantitative or qualitative data for each system .

PAJW4F~ ER FUEL CELL DIESEL GAS TURBINE

Acq. Cost $60,000 $35,000 $90,000
LCC/Yr. $66,400 $64,700 $120,200
Lifetime (Yrs) 20 20 29
Volume/Size 300 ft.3 200 ft.3 150 ft.3

Weight 18,800 ib
m 7,100 ibm 4,500 ibm

Fuel Use/Yr. 115,000 gal . 210,000 gal.
Environ. Constr. Therm. Disch. Therm . Disch. Hi—Temp Therm. Diach.

CO ,HC , NO NO , SO , Part., Noise
Part., Nofse x X

Location Constr. Fuel Deliveries Fuel Deliveries Fuel Deliveries

Operational Constr. None Eff. reduction at Eff. reduction at
part load part load

System Eff. (%)  36.7 30.6 17.5
Type Syst.~m Transportable Mobile Mobile

Start/Stop Time 3 hrs/45 mm 10 sec/1O sec 10 sec/I am .
Growth Potential Excellent None None

Reliability No moving part s Moving parts, Moving parts,
medium temp., high temp.,
corrosion corros ion

Maint. & Operation $3373/yr $6925/yr $6205/yr

Other Energy Prods. 778x103 BTU/hr 1.16x106 BTU/hr 2.41x106 ~~~ hr

Bldg . Matls. Avail. Platinum —

Development 1980 1977 1977

Step #5. Using the information contained in the chart and the
weighting factors established in Step #1, determine the appropriate numbers .
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Acq. Cost Fuel Cell — 2 12
Diesel — 1 x W .F . — 6
Gas Turbine — 3

LCC/yr Fuel Cell — 2 20 ‘

Diesel — 1 x W . F .  = 10
Gas Turbine — 3 30

Lifetime Fuel Cell — 1 8
Diesel — 1 x W.F. = 8
Gas Turbine — 2 16

Volume/Size Fuel Cell — 3 3
Diesel — 2 x W.F . = 2
Gas Turbine - 1 1

Weight Fuel Cell — 3 3
Diesel — 2 x W.F. 2
Gas Turbine — 1 1

Fuel Use/yr Fuel Cell — 1 7 —

Diesel — 2 x W.F. = 3.14
Gas Turbine — 3 21

Envir. Constraints Fuel Cell — 1 3
Diesel — 2 x W.F. = 6
Gas Tur’oine - 3 9

Loc . Constraints Fuel Cell — 1 1
Diesel — 2 x W.F. = 2
Gas Turbine—2 2

Oper. Constraints Fuel Cell — 0 0
Diesel — 2 x W.F. = 16
Gas Turbine — 2 16

Sys. Efficiency Fuel Cell — 1 3
Diesel — 2 x W.F.  = 6
Gas Turbine - 3 9

Type System Fuel Cell — 2 0
Diesel — 1 x W.F.  = 0
Gas Turbine — 1 0

Start—up/Shutdown Fuel Cell — 3 0
Time Diesel - 1 x W .F. = 0

Gas ThrbiA e—2 0

Growth Potential Fuel Cell — 1 14
Diesel — 4 z W.F. = 16
Gas Turbine - 14 i6

16

- -- -— - - - - ---~ ---.~~ - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -k--—- 



Reliability Fuel Cell — 1 10
Diesel — 4 x W .F. 40
Gas Turbine — 14 40

Maint . & Oper. Fuel Cell — 1
Diesel — 3 x W.F. = 3
Gas Tu r b i n e — 2  2 .5 ;

Other Energy Prod. Fuel Cell — 3 15
Diesel — 2 x W.F .  = 10
Gas Turbine - 1 5

Bldg . Matl. Avail. Fuel Cell - — 14 0
Diesel — 1 x W.F. = 0
Gas Turbine—l 0

Development Fuel Cell — 2 6
Diesel — 0 x W.F. = 0
Gas Turbine — 0 0

Step #6. Adding together the results of Step #5, one arrives at the
following totals:

Fuel Cell — 98
Diesel — 141

Gas Turbine — 186

(sc , CF)

For this particular example, the fuel cell has been determined to be the optimal
system. However, this is only a preliminary determination. Each engineer
should go into much greater detail before choosing a particular system.

p 17 
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EXAMPLE #2 - 250 KW continuous system requiring a low logistics
burden.

Step #1. Establish the appropriate weighting factors for each
parameter. .5

PARAMETER WEIGHTING FACTOR

Acquisition Cost S

Life Cycle Cost 5

Lifetime 7

Volume/Size 1

Weight 1

Fuel 10

Environmental Constraints 3

Location Constraints 1

Operational Constraints 6

System Efficiency 3

Type System 0

Start/Stop Time 0

Growth Potential 4

Reliability 9

Maintenance and Operation 8

Other Energy Production 5

Materials Availability 0

Development Sta1~us 4

The reasons for each choice of weighting factor are given below.

Acquisition Cost - W .F. = 5. A higher acquisition cost is acceptable
if greater reliability and/or lower ICC is provided .

Life Cycle Cost - W.F. = 6. The system is to provide at the lowest
possibl e overall cost.

Lifetime - W.F. = 7. The facility to be powered will be a remote
site and the power system is to be built into the structure.

18
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Volume/Size - W.F. - 1. The power system is to be permanent.
However , the system must be truck transported to the site .

Weight - W.F. = 1. The power system is to be permanently fixed .
However , it must be truck transported to the site.

Fuel - W.F. = 10. The necessary fuel for the system must be
trucked to the site. This is the largest logistics burden for the
system.

Env ironmental Constra ints - W .F. = 3. Some consideration is to
be given to pollution ; however, the site is a necessary communications
link.

Location Constraints - W .F. = 1. The power system is to be used
at only one s ite. If the system was to be used at numerous s ites , this -jparameter would have a higher weighti ng factor.

Operational Constraints - W.F. = 6. The power system is to be
able to operate unattended for long periods of time. Adequate solar
insulation and a 10 mph average wind speed is available at the site.

System Efficiency - W .F. = 3. The system efficiency impacts the
amount of fuel used (for fossil fueled systems) or the physical size
of the systems (for solar or nuc lear systems). If phys ical s ize of a
power system is unimportant, the W . F. for thi s parameter for them
should be zero .

Type System - W . F. = 0. The s~~tem is to be fixed . Any of the
three systems (mobile, transportable, or fixed) could be used.

Start/Stop Time - W.F. = 0. The system is to be in continuous
operation, with emergency backup for unexpected outages.

Growth Potential - W.F. = 4. Some growth of the s ite is expec ted
and , if possible, the ex isting power system will be expanded to meet
that growth.

Reliability - W .F. = 9. The power system must operate wi th
minimum down time.

Maintenance ~nd Operation - W.F. = 8. This parameter covers the
second 1arg~st lo~1stics burden for a power system.

Other Energy Produc tion - W . F. = 5. A system capable of providing
both electrical and thermal energy in the proper proportions would be —

the most energy efficient.

Materials Availability - W.F. = 0. Only one of this system is
necessary. If more were to be built, this parameter would assume
greater importance.

Development Status - W.F. = 4. This system is scheduled to be
purchased in FY85.
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Step #2. Use the appropriate Sunmiary Data Display charts to
determine the top five systems for each parameter. List them in
priority order for one to five.

PARAMETER LISTING OF SYSTEMS

Acquisition Cost 1. Fuel Cell
2. Diesel Engine
3. Spark Ignition Engine
4. Gas Turb ine Engi ne (SC ,CF)
5. Wind Turbine (20-5)

Life Cycle Cost 1. Diese l Engi ne
2. Fuel Cell
3. Wind Turbine (20-1)
4. Gas Turbine Engine (SC,CF)
5. Spark Ignition Engine

Lifetime 1. Thermionic
2. Gas Turbine Engi ne (SC ,CF)
3. Solar Turbine
4. Fuel Cell
5. Diesel Engine

Volume/Size 1. Diesel Engine
2. Spark Ignition Engine
3. Fue Cel l
4. Gas Turbine Engine (SC ,CF)
5. Wind Turbine (20-1)

Weight 1. Gas Turbine Engine (SC,CF)
2. Diesel Engine
3. Spark Ignition Engine
4. Fuel Cell
5. Vapor Turbine (NF)

Fuel (Use/Year) 1. Wind Turbine
2. Photovoltaics
3. Solar Turbine
4. Fuel Cel l
5. Diesel Engine

Env i ronmental Constraints 1. Fuel Cel l
2. Photovoltaics
3. Wind Turbine
4. Radioisotope
5. Solar Turbine

Operational Constraints 1. Fuel Cel l
2. Diesel Engine
3. W ind Turbine
4. Gas Turbine Engine (SC,CF)
5. Spark Ignition Engine

20
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PARAMETER LISTING OF SYSTEMS

Location Constraints 1. Fuel Cel l
2. Diesel Engine
3. Gas Turbine Engine (SC,CF)
4. Spark Ignition Engine
5. Radioisotope

System Efficiency 1. Fuel Cell
2. Diesel Engine
3. W ind Turb ine
4. Gas Turbine Engine (SC ,CF)
5. Spark Ign ition Engine .

Type System 1.
2.
3. All systems could be used
4.
5.

Start/Stop Time 1. Diesel Engine
2. Gas Turbine Engine (SC,CF)
3. Spark Ignition Engine
4. Wind Turbine
5. Photovoltaics

Growth Potential 1. Fuel Cel l
2. Photovoltaics
3. Wind Turbine
4. Diesel Engine
5. Radioisotope

Rel iability 1. Fuel Cell
2. Diesel Engine
3. Spark Ignition Engine
4. Gas Turbine Engine (SC ,CF)
5. Radioisotope

Maintenance and Operation 1. Fuel Cell
2. Diesel Eng ine
3. Gas Turbine Engine (SC,CF)
4. Spark Ignition Engine
5. Gas Turbine Engine (SC,NF)

Other Energy Production 1. Gas Turbine Engine (SC,CF)
2. Spark Ignition Engine
3. Solar Turbine
4. Vapor Turbine (NF)
5. Diese’ Generation

Building Materials 1. Diesel Engine
2. Spark Ignition Engine
3. Gas Turbine Engine (SC,CF)
4. Wind Turbine
5. Thermionlcs

21
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PARAMETER LISTING OF SYSTEMS
Development 1. Gas Turbine Engine (SC ,CF)

2. Diesel Engine
3. Spark Ignition Engine
4. Fuel Cell
5. Wind Turbine

Step #3. Determine the top three systems that consistently
show up in the high priority parameter(s).. For this example, the
systems are Fuel Cells , Photovol ta ics , and Wind Turbines.

Step #4. Using the appropriate Handbook data charts, fill in
thern quantitative or qualitati ve data for each system.

WIND TURBINE
PARAMETER FUEL CELL PHOTOVOLTAICS (10 MPH Avg Wind)

Acq. Cost 60,000 2,730,000 781,000
ICC/Yr. 64,000 409,000 92,700
Lifetime 20 10 20
Volume/Size 300 ft3 125,000 ft2 49,300 ft2

Weight 18,800 ibm 755,000 ibm N/A
Fuel Use/Yr 0 0
Env iron. Constr. Therm. Disch. None None

Location Constr. Fuel Deliveries Solar Wind Required
Insolation

Operationa l Constr. None None None

System Eff. 36.7% 10-15% 20-28%
Type System Transportable Fixed Fixed
Start/Stop Time 3 hrs/45 mins . 1 sec/l sec 1 sec/l sec
Growth Potential Excellent Excel lent Excel lent
Reliability No moving parts no moving parts moving parts

system exposed system exposed
to environment to environment

Maint. & Operation $3373/yr $136,000/yr $53,660/yr
Other Energy Prods. 778x103 BTU/hr None None
Bldg Matis. Avail. Platinum Lead Lead
Development 1980 1985 1985
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Step #5 . Using the information contained in the chart and the
weighting factors establ i shed in Step #1, determine the appropriate numbers.

Acq Cost Fuel Cel l — 1 5
Photovoltaics - 3 x N.F. = 15
Win d Turbine - 2 10

LCC/YR Fuel Cel l - 1 5
Photovol -tajcs - 3 x N.F. = 15
W ind Turb ine - 2 10

Lifetime Fuel Cell - 1 7
Photovoltaics - 2 x W .F. = 14
Wind Turbine - 1 7

Volume/Size Fuel Cel l - 1 1
Photovoltaics - 3 x W .F. = 3
W ind Turb ine - 2 2

We ight Fuel Cell - 1 1
Photovoltaics - 2 x W.F. = 2
Wind Turb ine - 2 2

Fuel Use/YR Fuel Cel l - 2 20
Photovoltaics - 0 x W.F. = 0
Wi nd Turbine - 0 0

Envir. Constraints Fuel Cel l - 1 3
Photovoltaics - 0 x W.F. = 0
Wind Turbine - 0 0

Loc. Constraints Fuel Cel l - 1 1
Photovoltaics - 3 x W.F. = 3
Wind Turbine - 3 3

Oper. Constraints Fuel Cell - 0 0
Photovol taics - 0~ x W.F. = 0
Wind Turbine - 0 0

Sys. Efficiency Fuel Cel l - 1 3
Photovoltaics - 3 x W.F. = 9
W ind Turbine - 2 6

Type System Fuel Cell - 1 0
Photovoltaics - 1 x W.F. = 0
Wind Turbine - 1 0

Start-up/Shutdown Fuel Cel l - 2 0
Photovoltaics - 1 x W.F. = 0
W ind Turb ine - 1 0

Growth Potential Fuel Cell - 1 4
Photovol taics - 1 x W.F. = 4
Wind Turbine - 1 4
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Relia bility Fuel Cel l - 2 18
Photovol taics - 1 x W .F. = 9
Wind Turbine - 3 27

Maint. & Oper. Fuel Cell - 1 8
Photovoi taics - 3 x W.F. = 24
W ind Turb ine - 2 16

Other Energy Prod. Fuel Cell - 0 0
Photovoltaics - 2 x W.F. = 10
W ind Turb ine - 2 10

Bldg Matl . Ava il . Fuel Cel l - 2 0
Photovol taics - 1 x W.F. = 0
Wind Turbine - 1 0

Devel opment Fuel Cell - 1 4
Photovoltaics - 1 x W.F. = 4
Wind Turbine - 1 4

Step #6. Adding together the results of Step #5, one arr ives
at the following totals:

Fuel Cel l - 80
Photovoltaics - 112
Wind Turbine - 101

For this particular example, the fuel cel l has been determined to be
the optimal system. However, this is only a preliminary determination.
Eac h engineer shou l d go into much greater before choos ing a part icular
sytems .

24
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SECTION III

FIY11y MEGAWATT , CONTINUOUS

REQUIREMENT

Pover Level : 50 Mv

Operating Mode: Continuous

Freq~uency/Phase: 60 ffz/3Ø

Voltage Level: 13.8 Ky

25 
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REQUIREMENT PARAMETER
50 ?~ Cant. I J7) Environmental ConStraintg~

The degree of difficulty in meeting more strict environmental regulations
is indicated for each of the pollution types, except for thermal discharge,
where amount is shown.

Notes: (a) system is air or water cooled; heat rejected directly to atmosphere.
(b) system is water cooled; heat rejected to body of water or cooling

tower. Water source and/or make—up required

,/ ~
~~

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  lb
0

q~ Q~. ~~~ 
.S. V ~~~~~~~~~ ç~ ~SYSTEM 4ç. (~5) 4. 40 ~) ,~9 ~

GAS TURB GE!~-SC (CF)
.~~~ ~~ ! L .L ~~ -

~~~ S TURD GEN -RC (CF) — — none
.. _ 2 . .L L  ~~~~~~~~~~~~~~DIES EL GEN~~~~~A TQ R ( C F )  — m nor

spP~rnc ~~~ sr~, ~~EN~~C~~ ) — — — — 
~~~ 

— — — — e — moderat5.
~1JEL C E L L - k ’ H O S  ACI U (C F)  • — — — — — — — — S — major
_ _ _ _ _ _ _ _ _ _ _ _ _  

STEAM TURB GEN - COAL (CF) — — — —
___________________________ — I 0 0 a a a . . o
STEAM TURB GEN-QIL(CF)
___________________________ — • 0 0 I 1 5 L I Q
STIRLIN(j ENG GEN (CF) — — — —

MHD GENERA TOR(C F)
MHD/STEA M GEN (CF)

~~ L~~~~~~~~~~~LL L ~~~~~T}IERMIONIC GEN (CF)

STEAM TUMB (~EN(N1)

OR GANIC VA? TIJRU (~EN ( N F f  L.. ~~.. Q._. 
~~

_.

___________________________ — S — — — — I — — 0 QRADIUISOTO?E (,EN(N1J — — — — — — —
~~EAM TURB GEN (SOLAR) 

- — — — 

— S — — — — I — — o -
OR GANIC VAP TURB ( sp~~~Kj ~~ 

— — 

GAS TURB GEN (SOLAR )

~~ HOTOVOLTAIC ( SoLAR; — 
_ _ 

— _ - __
WIND ~TURB GEN~~TXLLJ — — — — — — — — —
FLYWHEEL STORAGE 

-
BATTERY STORAGE
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REQU IREME NT PARAMETER

50 MW Cont. 8) Location Restrai
]

The locational limitations of the power system, and the
degree of difficulty in overcoming these limitations are
indicated in the following tabulation . .~Ql ç

O~
4 ~b 4. ‘~~

- no limitation 
~~~~

‘ 

b 4’ ‘~
‘

0 - minor l imi ta t ion  ~ 4 .~“ 4
r ~ c. o, -~ o

— major limitation o0 4
0 .4

~ ~~
• — over r id ing  l i m i t a t i o n  

4
q ~~

‘c
0 

~~~~ ~~~~
‘ C5’ 

~~ ~~~ 
4

•b ~~~~-

4 
4~
4 

~~~~~~

‘(5’ ‘~~~~ 4~~ ~~ ~~ C~ C~~SYSTEM ~~~~
- 

~~~~ 
.
~~~

‘ 
4~~ 

c~,
o 

.rp 4~~

GAS TTJRB GEN - SC(CF) — — o a — — — —
GAS TURE GEN - RC(CF) - - o • - - - —

DIESEL GENERATOR (CF)

SPARK IGN ENG G E N ( C F )

FUEL CELL - PHOS ACID(CF) — - - — — - -
STEAM TURB GEN - COAL (CF) e e L .L -

STEAM TURB GEN-OIL(CF) 
~ ~ • • — — - -

STIRLINC, ENG GEN(CF)

MHD GENERATOR (CF) o o o • - - - -
MHD/ STEAM G E N ( C F)  e 

~~~~~ L ~~~~~ =-.
THER MIONIC GEN (C F )  o ~~~~. ~~~ 

_ -

STEA M TUR B GEN (N F)  L L ~~~~~ .~~_ .1 -

ORGANIC VAP TURB GEN ( NF)

GAS TURB G E N ( N F )

RADIOISOTOPE GEN (NF)

STEAM TURB GEN (SOLAR) 
L ~~ — L ~~~~.

ORGANIC VAP TURB (SOLAR)

GAS TURB GEN (SOLAR) - - o - - - -
PHOTOVOLTAIC (SOLAR ) - - - - - - -
WIND TURB GEN 10-1

WIND TURB GEN 10-5

WIND TURS GEN 20-1

WIND TURB GEN 20-5 
—

FLYWHEEL STORAGE

BATTERY STORAGE 
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REQUIREMENT PA RAMETER

r~
0 ~~ Cont. [9 Operational Restraintsl

The t~’buj~st.’4 operating characteristics ~~~~ 
47

are applicabic to the power system as 
~~
‘ lbindicated ~ “ 
,
‘(‘ 

~cY ~?o~ *5? 
~~~~

— Characteristic not observed ~~~~~~~~~
in system operation -s? ~~~ 4

’D

O - Characteristic has minor 4’ ~~~~~~ b -5,~ ,o ~~effect on system performance ~c. ~~~~~~~~~~~~~ 
‘c~’S — Characteristic has moderate 

~~
,

effect on system performance ~ C.. 0 
~~~~~~~~~ ~~~‘ ~~~~

• - Charac terist ic has major ~~~~~~~~~~~~ ~~~~~~~~~ 4
effect on system per formance ~~~~~~

______ —~~~~~~~~~~ 
~~~~ .~

(, 
~~‘ ~ 

~$‘ -~~ c~’ i~~
SYSTEM 4~~ ~~ ~~~ 4~

Y 
*5?

GAS TURB GEN — SC(CF) 
~~ — — o o o

GAS TURB GEN -RC(CF) a o - - 0 5 5
DIESEL GENEP.ATOR (CF)

SPAR K IGN ENG GEN(CF )

FUEL CELL - PHOS ACID(CF) 

STEAM TURS GEN - COAL(CF) 
~ - - ~

STEAM TURB G E N - O I L ( C F )  ~~ - — 
~~

ST IRLING ENG G E N ( C F )  
- - -

MI-I D GEN E R A T O R ( CF)  - — • — —
MHD/STEAM GEN(CF) a — — a a
THERM IONI C GE N ( C F )  0 0 - - a o 0
STEA M TURS G E N ( N F )  

~~ — -

ORGANIC VAP TURB GEN ( NF)

GAS TURB GEN(NF) 0 a — — a a a
RADIOISOTOPE G E N (N F )

STEAM TURB GEN (SOLAR) 
~ ~~ • — 

~~

ORGANIC VPIP TURS ( SOLT’.R)
GAS TURB GEN (SOLAR) - - — — -

PHOTOVOLTAIC (SOLAR) — — — — - -
WIND TURB GEN 10-1

W11 t) TURB GEN 10—5
— —

WIND TURB GEN 20-1

WIND TURB GEN 20-5

FLYWHEEL STORAGE

BATTER Y STORAGE
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REQUIREMENT PARAMETER

50 ~~~~q Cont 1 jIl) Type of System I
The power system types, based on USAF definitions
are tabulated below. The following abbreviations are used:

M — mobUe-system
T~ — transportable system -

F — fixed system

System Type

GAS TURB GEN -SC(CF) F
GAS TURB GEN -RC(CF) F
DIESEL GENERATOR(CF) -

SPARK IGN ENG GEN(CF) 
-

FUEL CELL - PHOS ACID( CF )  F -

STEAM TURB GEN -COAL(CF) 
— 

F
STEAM TURB GEN - OIL(CF )  

— 

F
STIRLING ENG GEN(CF) 

— 

-

MHD GEN ERATOR(CF) 
F

MHD/STEAM GEN(CF) F
THERMIONIC GEN(CF) F
STEAM TURB GEN(NF ) F
ORGANIC VAP TURD GEN(NF) 

— 

-

GAS TURB GEN (NF ) F
RADIOISOTOPE GEN (NF) 

-

STEAM TURD GEM (SOLAR) 
— 

F
OR GANI C VAP TLJRB (SOLAR) 

— 

-

GAS TURD GEM (SOLAR) F
PHOTOVOLTAIC (SOLAR ) F
WIND TURB GEM 10-1 -

W IND TURD GEM 10-5 
- -

WIND TURB GEM 20-1 -

WIND TURD GEM 20-5 -
- 

FLYWHEEL STORAGE -

BA TTER Y STORAGE 
-

A 
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REQUIREMENT PARAMETER

L 50 MW Cont. 13) Growth potential 1
The power systems are ranked below according to their growth
potential, or ability to have their rated power output increased
by incremental amounts. This depends on the degree of modularity
of the system. A fully modular system has the most growth poten-
tial1 a non—modular system has none.

System Critical Materials

GAS TURD GEM — SC (CF) Not modular

GAS TURD GEM — RC(CF) Not modular

DIESEL GENERATOR (CF)

SPA RK IGN .ENG GEN( CF) 
-

FUEL CELL - PHOS ACID(CF) Fully modular

STEAM TURD GEN - COAL(CF) Not modular

STEAM TURD GEN — OIL(CF) Not modular

STIRLING ENG GEN (CF)

MilD GENERATOR(CF) Not modular

MilD/STEAM GEr4(CF) Not modular

THERMIONIC GEN (CF) Partly modular

STEAM TURB GEN(NF) Not modular

ORGANIC VAP TURD GEN (NF)

GAS TURD GEM (NF ) Not modular

RADIOISOTOPE GEN (NF )

STEAM TURD GEN (SOLAR) Not modular

ORGANIC yAP TURD (SOLAR)

GAS TURD GEM (SOLAR) Not modular, except possibly
largest regu~.rements

PHOTOVOLTAIC (SOLAR) Fully modular

WIND TURD GEN 10-1

WIND TURD GEN 10—S

WIND TURD GEM 20-1

WIND TURD GEM 20-5

FLYWHEEL STORAGE

BATTERY STORAGE

1 
_ _ _ _  
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REQU IREMENT PARAMETER

50 MW Gont. 
1 

14) Reliability/Availability 1
The tabulated conditions exist in the
power system to the extent indicated.

/ b
ic7 e~ ~~~

40 . ç 4
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e~~~~ 
~3? 4~ 44 

~~SYSTEM 49~~° 4~
GAS TURD GEM - SC (CF) 0 

~.! .Q .~~ _! _Q. —p- - - Condition does not
GAS TURD GEM -RC(CF) a • o - 

~ - - ‘exist in system
DIESEL GENERATOR( cp ) 

— C’ — Condition exists,
SPARK 1GM ENG GEN(CF) 

— 
but its extent is_________________________ — 

Sufficje?Tt minorFUEL CELL - PROS ACID (CF) 
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REQUIREMENT PARAMETER

50 r’~ Cont. 
17) Avai~ a~ i1it~~of Raw Build—

Construction mater ia ls  wh ich are critical to the power systems
and are of limited supply in the United States and Free World
countries are listed below.

Sys tem 
- 

Critical Materials

GAS TURB GEN - SC(CF )_____________________________ None
GAS TURD GEN - RC(CF)____________________________ None
DIESEL GENERATOR ( CF )

SPARK 1GM ENG GEN(CF)

FUEL CELL - PROS A C I D ( C F )
______________________________ Plat inum
STEAM TURB GEN - COAL(CF)

_______________________________ None
STEAM TURD GEN-OIL(CF)______________________________ None
STIRLING ENG GE M ( CF )

MilD GENERA TOR(CF)
___________________________ None

MilD/STEA M G E N ( C F )
________________________________ Nrafle
TFERMIONIC GEN(CF)

_______________________________ None
STEA M TURB G E N ( N F )

_______________________________ None
ORGANIC yAP TURB GEN(NF)

GAS TURD GEN (NF)
________________________________ None

R A D I O I S O T O P E  G EN ( NF )

STEAM TURB GEN ( SOLAR)
____________________________ None
ORGANIC VAP TIJR B (SOLAR)

- 
GAS TURD GEM TSOLAR)

_____________________________ None
PHOTOVOLTAIC (SOLAR) Possibly lead for conventional batteries
WIND TURB GEN 10-1 - - _________________________________________

WIND TURD GEM 10-5

WIND TURB GEM 20-1

W IND TURB GEM 20-5
- 

FLYWHEEL STOI~~ GE
- 
BATTERY STORAGE
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SECTION IV

FIFrY MEGAWATT , 1 HOUR

- REQUIREMENT

Power Level : 50 Mw

Operating Mode : 1 hour per da~r

Frequency/Phase: 60 Hz/3Ø

Voltage Level: 13.8 Ky
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REQUIREMENT PARAMETER

~i MW 1 Mr. 1 I~~~~
) Environmenta l. Constrainta l

The degree of difficulty in neeting more strict environmental regulations
is indicated for each of-the pollution types, except for thermal discharge,
where amount is shown.

Notes: (a) system is air or water cooled; heat rejected directly to atmosphere.
(b) system is water cooled; heat rejected to body of water or cooling

tower. Water source and/or make-tip required
-\ .l~ ’

• • ~l U

• 
U

4
•U, ~,••s. “v

SYSTEM ~? ~ 4)+ ~~~~~~ ~~ ~O ~~

~~S TURB GEEU~~SC (CE’)

~~.s TURB GEN’ - R C ( C F )  — — none_ L .Q L L. L  ~~~~~~~~~~~~~~~~~~~DI~ SkL. GENFKATOR (CF) 
— 

Id minor

~~~‘ARK 1b111 ~~N$~j ~i~~r4(CiJ   6 — mOderatE

~~U~~ II C~LL — VHOb ACW(~ FJ  S — major
_ _ _ _ _ _ _ _ _ _ _ _ _  6 — — — —
~~ LEAM TURS GEN - COAL(cFJ — — — 
_ _ _ _ _ _ _ _ _ _ _ _ _  

— .  0 0 5 1 6 1 i 0 —
STEAM TURB GEN-OIL (CF)
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

— S 0 0 6 1 6 6
STIRLING ENG GEN(CF) —

MIW GEt4~ RATOR (CF) — — — —
1~HDfsTEAM GEN(CF)

THERMIONIC GEN( CF )  — — —

S’J.~~AM i1JRB G~ .N~~N 1)

ORGANIC yAP ‘LlJRB G1~ 1tN Ff l  
. - - Q_ &

GAS TURS G E N ( N ~~) — 

RADIOI5OTuF~ (i~~N ( N ~~) — — — 

~~Tb~M TURB GEN (SOLAR)

ORGANIC VAP TURS (suLAiq —

~~~.S TURB GEN (SOLAR )

?HOTOVOLTAIC (SOLAR) — — 
1iIND TtJRB GEM tXLL, — — — — — — — —
FLYWHEEL STORAGE

BATTERY STORAGE -_ — — — ThT~~ 
—



REQU IREME NT PARAMETER

50 MW 1 Hr. 8) Location Restrain~]

The locational limitations of the power system, and the
degree of difficulty in overcoming these limitations are
ind icated in the following tabulation . ç€• 

ç0~4
- no l imi tat ion  

~ 4~
’ 

b- ~ ~~ 
c..

0 - minor limitation -~~ tz~
’ ~ b- ~~ ~~ ~~~

-‘ 
fr•‘y Ci 

0- major itmitation 4 -~ 0 4 ~• - overriding limitation 
~ 4

q 

~~ 
i~,
4
.c? ~~~ç~,0 

~~ ~~ 
~~~ •~(J

’.Y 
b- o~

• 4

~b

0ô1 
0
ô1 (~ ~~~~~ 

~~4 4 ó~ ~ ~, .,‘.
o ~~

~ci~~ d~ 
~~~~~~ $ e’ ~‘

SYSTEM ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~

GAS TURB GEN - SC(CF) - —
- 0 I — — — —

GAS TURI3 GEN - R C ( C F )  — — 0 • — — — -
DIESEL GENEPATOR ( Cr )

SPARK I G N  EN G G E N ( C F )

FUEL CELL - PHOS A C I D ( C F )  — - - - — - -
STEAM TU RB GEN - COAL (CF) ~ ~ • ~STEAM TURB GEN-OIL(CF) 6 6 S I- — — — —
STIRLINC, ENG GEN(CF) 

-

MHD G E N E R A T O R ( C F )  0 0 0 I - — - -
MH D /STEAM G E N ( C F )

THERMI ON IC GE N (CF)  o ..Q~ -~~~~~ 

U

STEA M TUR B GEN (N F) 
~ e ~~~~~ ~~.. ~~~~. j.. ~~~..

ORGANIC VAP TURS GEN (NF)

GAS TUR B GEN (NF)

RADIOISOTOPE GEN(N F )

STEAM TURB GEN (SOLAR) 
~ ~~ - ,... — — -

ORGAN I C  VAP TURB (SOLAR )

GAS TURB GEN (SOLAR) - — o - — — -
PHOTOVOLTAIC (SOLAR) - - - - — - -

WIND TURB GEM 10-1

WIND TURB GEM 10—S 
- —

WIND TtJRB GEM 20—1

WIND TUPn GEM 20-5

FLYW1-!EFL STORAGE 
L 58

BATTERY STORAGE 
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REQUIREME NT PARAMETER
50 MW 1 Hr. Operational Restraints]

The tabu 1~ tcd operating character intics
are applicable to the power system as ~ .,f ~indicated .c~’ ~~ ,c~ e?~~~ ~P

— Character is t ic  not observed 
~~~~~~~~~~~~~~~ I— in system operation ~~~~~~ 
‘

~~ ~~~~ 4
’
~ ~~0 - Characteristic has minor ,~O .‘(~~~4 b “I~~~ O 
~~~~effect on system performance c~

’ 
~~ c? ~~~~~ o8 — Characteristic has moderate q~~ ~~~~~~ cY/~~

.
effect on system per formance 

,, ,
4 c~~~° ~~~~~- Characteristic has major 

~~~~ 
,~~‘.° ~~~~ 4

effect on system per formance ‘.~~~ ~ 0 o’~ ~ 4° ~~~

‘

~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~SY~TE!4 g0 

~~ c0 ~jY ..~~

GAS TURB GEN - SC(CF) 8 0 — — 0 0 0
GAS TURB GEN - RC(CF) 0 0 - — 0 8 0
DIESEL GENE RATOR ( C R )

SPARK 1GM ENG G E N ( C F )

FUEL CELL - PHOS ACID(CF)

STEAM TURB G r N- C OA L ( C F )  
6 0 - - 6 0 6

ST EAM TURB G E N - O I L ( C F )  8 0 — - 0 8 8
ST IR L ING ENG G E N ( C F )

M1~D G E N E R A T O R ( C F )  0 ~ =
M}iD/STEAM G E N ( C F )

THER M I ONIC GE N ( C F ) 
~ Q - — 8 0 0

STEAM TTJRB G E N ( N F ) 0 0 — — 6 0 0
ORGANIC VAP TTJRB G EN ( N F )

GAS TU R I3 GE N ( N F ) o o — e o o
RADIOISOTOPE G E N ( N F )  -

STEAM TURB GEM (SOLAR) 8 0 S — 0 0 0
OR GANIC VAP TURB (SOLAR)

GAS T’JRB GEM (SOLAR) - - - 6 - -
PHOTOVOLTAIC (SOLAR) - - - - - -
WIND TURB GEM 10-1

WIND TURB GEM 10-5

WIND TURB GEM 20-1

WIND TURB GEN 20—5 
- - — - -

FLYWHEEL STORAGE

BATT ER Y STORAGE 
-
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REQUIREMENT PARAMETER 
-~~~~~1 ~ ~ ~~~~~~

. 1 Jil ) Type of System

The power system types, based on USAF definitions
are tabulated below . The following abbreviations are used:

M - mobile system
T — transportable systcm
F — fixed system

System Type

GAS TtJRB GEN - SC(CF)  F- 
GAS TURB GEN -RC (CF) F
DIESEL GENERATOR(CF) 

-

SPARK 1GM ENG GEN(C F )  
-

FUEL CELL - PHOS ACID(CF) F
STEAM TURB GEN - COAL(CF)

STEAM TURB GEN -OIL(CF) 
F

STIRLING ENG GEN(CF) 
-

MHD GENERATOR (CF) F
MHD/STEAM GEN(CF)  

-

THERMIONIC GEN(CF)  F
STEAM TURB GEN(NF) F
ORGANIC VAR TTJRB GEN ( NF) 

-

GAS TURB GEN(NF) 
F

RADIOISOTOPE GEN(NF) 
-

STEAM TtJRB GEM (SOLAR) 
— F- 

ORGANIC VAP TUR ~~~(SOLAR -

GAS TURB GEM (SOLAR) 
— 

F
PHOTOVOLTAIC (SOLAR) . 

F
WIND ‘~JRB GEM 10-]. -

WIND TURB GEM 10-5 -

WIND TURB GEM 2O-~j -

WINO TURE GEM 2~)-5

FLYWHEEL S’~9R~~ E _____________________

BATTERY -STORAGE 
F
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REQUIREMENT PARAMETER

L 50 Mw 1 Hr. 13) Growth Potential 
-

The power systems arc ranked below according to their growth
poten tial , or abili ty to have thei r rated power output increased
by incremental amounts. This depends on the degree of modularity
of the system. A fully modular sys tem has the most growth poten-
tial, a non-modular system has none.

System Critical Materials

GAS TURD GEM - SC(CF) Not modular

GAS TURD GEM - RC(CF) Not modular

DIESEL GENERATOR (CF)

SPARK 1GM ENG GEM (CF)

FUEL CELL - PHOS ACID (CF) Fully modular

STEAM TURD GEM - COAL(CF) Not modular

STEAM TURD GEN - OIL(CF) Not modular

STIRLING ENG GEN( CF)

MIlD GENERA ’IOR(CF ) Not modular

MIlD/STEAM GEN(CF)

THERMION IC GEM (CR ) Partly modular

STEAM TUR B GEN (NF ) Not modular

ORGP.NIC VAR TURD GEN ( NF )

GAS TURD GEM (N~’) Not modular

RADIOISOTOPE GEN (M F )

STEAM TURD GEN (SOLAR) Not modular

ORGANIC VAR TURD (SOLAR) -

GAS TURD GEN (SOLAR ) Not modular , except possibly
____________________________ largest requirements
PHOTOVOLTAIC (SOLAR) Fully modular

WIND TURD GEN 10-1

WIND TURD GEM 10-5

WIND TURD GEM 20-I

WiND TURD GEM 20-5

FI.YWIIEEL STORAGE ~io~u1ar for aost r.quirsa.nts

BA1~ ERY STORAGE ?~afly o~4ular
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REQUIRE MENT PARAMETER[ 50 MW 1 Mr. 14) Reliability/AVailabilityl

The tabulated conditions exist in the
power system to the extent indicated.

o-c.

0
68

~~~~~~~~~~~~~~~~~~~~~~~~
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~~~SYSTEM ~~~~~~~~~~~~~~~~~~~~ O 4 ~’ 4

O~~~ Q
4Y

~‘-•5 TURB GEN - SC(CF) 
_Q. I .-Q. -~~ .1 -.2. -~~ -~~~ - - - Condition does notGAS TURB GEN - RC(CF) 
~ • o - • e • — — ‘exist in system

DIESEL GEN ERATOR(CF) ~~~~
- --—- ---- —- —

~~~~~~~~~~
— —  — 0 — Condition exists,SPARK 1GM ENG GEN (CF)  but its extent is_________________________ 

suff ic ient  minorFUEL CELL - PHOS ACID(CF) 
-

~~ 
-~~ -.. -~~ -~~ -~~ -~~- -~~- - as to have minimal

STEA M TURD GEM ‘~“ COAL(CF) • 0 0 - 0 e • — — • effect on system________________________ — — — — — — performance orSTEAM TURB GEN-OIL (CF) j,~ .2. ...Q. -~~~ ..Q. 1. ! -~ reliability
STIRLING ENG GEN( CF)  

— —— — — — — e — Conditions exists,MMD GENERATOR (C?)  0 S - L 1. _L ..~~. .
~~ and its extent is

MIlD/STEA M G E N ( C F )  
— 

s u f f i c ie nt to have
a moderate effectTHERMIONIC GEN(CF)  ..2.. 1. _ .  - .  .~~ -- -2.. —Q- . .-  on system perform-

STEA I’1 TURB GEN (NF) I o .~~~~ ~~~~ ~~~ j .  ance or reliability
ORGANIC VAP TURB GEN (NF)  

- Condition exists
GAS TURB GEN (NF)  • o o o • - and is a governing_________________________ — — 

factor in determjn—RADIOISOTOPE GEN(NF) 
— —— — — — — — — ing System perform-

STEAM TURD GEN (SOLAR) • o o o e • j~ — ance and re1iabi1it~
ORGANIC VAP TURB (SOLAR)

GAS TURD GEM (SOLAR) o o 0 - o 0 - -
PHOTOVOLTAIC (SOLAR ) 

— - o — - o  — -
WT~~~ TURB GEM 10—1   — —WIMD TURB GEN 1O-5  

—

...~~:T) TURB GEM 20-1

WIND TURD GEN 20—S 
—

~~ 

—
FLYWHEEL STORAGE ~~~~ 
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REQUIREMENT PARAMETER

50 1 Hr. 
1 1

17) ~~~~~~~~~~~~~~~~ Raw Build—

Construction materials which are critical to the power systems
and are of l imited supply in the United States and Free World
countries are listed below.

System Critical Materials

GAS TURS GEN -SC(CF)

GAS TURB GEN -RC(CF)
None

DIESEL GENEP.ATOR (CF)

SPARK 1GM ENG GEN ( C F )  
- ______________________________________

FUEL CELL - PHOS ACID(CF)
Plat inum

STEAM TURB GEM -COAL (CF)
_______________________________ None
STEAM TURD GEM-OIL (CF)
_ _ _ _ _ _ _  None
STIRLING ENG GEN (CF)

MMD GENERATOR (CF)
None

MHD /STEA M GEN ( CF )

THERMIOMIC GEN ( CF)
____________________________ None

STEA M TURD GEN (NF )
____________________________ None

ORGANIC yAP TURB GEN(NF) - _______________________________________

GAS TURB GEN (NF) — ___________________________________

RADIOISOTOPE GEN (M F)

STEAM TURB GEM (SOLA R)
____________________________ None

ORGANIC VAP TURD ( SOLAR ) —

GAS TURB GEM (SOLAR )
None

PHOTOVOLTAIC ( SOLAR ) Possibly lead for conventional batteries
WIND TURB GEM 10-1

WIND TURB GEM 10-5 -_ ____________________

WIND TURB GEM 20-1 —

WIND TURB (~EN 20-5
- FLYWHEEL STORAGE — -_ _______________

None
BA~~~ERY STORAGE

____________________________ Possibly lead for conventional batteries

_ _ _ _ _ _  
- 
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• SECTION V -,

TEN ~~GAWA~r, CONTINUOUS 
-

RE~UIRE~~NT -~

Power Level : 10 Mw

I Operating Mode : Continuous

Frequency/Phase: 60 Hz/3Ø -

Voltage Level : ~i6o V
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REQUIREMENT PARAMETER 
- 

-

1 10 i.tw Cant. I~
) Environmental Constrainta

l

The degree of difficulty in meeting more strict environmental regulations
is indicated for each of the pollution types, except for thermal discharge,
where amount is shown.
Notes: (a)  system is air or water cooled; heat rejected directly to atmosphere.

(b) system is water cooled ; heat rejected to body of water or cooling
tower. Water source and/or make—up required
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REQUIREME NT PARAMETER

10 MW Cont. 1 8) Location Restraint!

The locational l imitat ions of the power system, and the
degree of d i f f i c u l t y  in overcoming these limitations are
indicated in the following tabulation. 40 Ø~
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REQU IREMENT PA RAMETER
10 MW Cont. [9) Operational Restraintsl

The t~bu1~ tcd operating characteristics .~~~

are applicable to the power system as a2 
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ORGANI C VAP TURD (S OLAR)

GAS TURB GEN (SOLAR ) - - I - S - -
PHOTOVOLTAIC (SOLAR ) -  • - - - -
WINI) TURB GEN 10-1      

—

WIND TURB GEN 10-5 
4

WIND TURD GEN 20-1 -   -  -
WIND TURD GEN 20-S   - - -

FLYWHEEL STORAGE 
- 

—

BATTER Y STORAGE — — 81

_ _ _ _ _ _  

-- - 
- -  -‘ - -.~~~~~

_
~~
,‘_.

~~~
,
~-_- ._-_  - -~_



-

US U
• 40 4

40 . 5.o .
•~ S

•0 MI
•0 5-. 40 —
40 40 u
4040 40 40 —0400 SO 540

o 0.40 -  4 0 0  50
• 0—4040 40— 40— IV
• SOS 540  5 4
• 405. • 5

S S MI5 0 5  S S 5-
5 — 54  S S US
004 0  S a-

US
611 5 5 5  5 5 0
• 5 — 4  5 5 —
I’5 •45  S S

• 5  S •
• S S S -
S 5 5 4- 5— • 5 5 S • IV

o 5 5 4- 5 5 S 5-
— 5 5 5 5 S S —

• S 5 5 5 5 1
5 40 40 S S 5 4

.5 .  5 . S 5 4 S..~ 4 5 S 5 5 5 5 4
5 5 . S 40 Se  5 0.

5. 5 5 40 5 50.
Z S 5 S I -  S 5 .  5 40 40 40 40
MI 5 5 55  5 5 54  5 5 S • •U 5 40 5.- S 5 40 S 5 S 5 5
S 5 5 5 4  5 5 5 5 5 5 • 5
MI 5 5 5 5 S 5 50  5 5 40 S
0.111 5 5 S S S S .0 S • 5 5
. 5  5 5 5 5 5 40... 5 5 5 5

5- 116 • S S S S 5 54- 5 5 5 4 0
0 5 5 5 5 5 5 5 5 5 5 S
2 5 5  5 5 5 5 5 5 4 0 4 0 4 0 5 4 0 4 0 4 0
MI 5 5  5 5 S S S •o s o eo .o
— 5 5 S 5 5 . S 5— 5 — 5 — 5 —
u 40 5 4 4 5 5 . •o.o.ose
— 5 5 5 5 S S • S S 5 5 5 S

S S S S S S 5 5 S S S 5 5  IA
I.. 0 5 5 5 40 5 5 5 S S S S 5 3
M I .S S  • S 5 5 5  5 5 5 ••• 011J S • S S S S S S S S 5 5 5 9

5 5 40 S S 5 5 5 5 5 5 5 5 5-
5 5 5 5 5 S S S S S 5 5 5 —
S 5 S 5 55-5 5-5  5 5 S S S • a-
5 .  S 5 5 5 . 5 5- S  S 40 5 5 54 0  7
• . S 5 5 — 5 — 5  5 5 • S S 5  0
40 40 5 5 54545 5 5 5 5 5 5 U
• 5 5 5 . •• 40 5 5 5 5 5 5
5 5 5 5 5 5  S S S 5 5 S S 5 5-
5 5 5 5 5 40 5 5 5 5 4 4- S 5 5 • 1

— 5  5 5 40 • 5  40 5 5 5 5 5 5 40 5 5
S 5 5 S 40 5 S 40 40 S 40 5 5 5 S 5 0
S 5 40 5 5 S S • S S S 5 5 5 5 5 —
• S S S S S S 5 5 5 5 5 5 5 5 5
S 5 5 5 5 5 5 5 5 S 5 5 40 S S S —
5 S 5 5 5 S - S  S S 5 5 5 5 5 5 5 a-
5 5 5 40 S S 5 50 5 5 5 S 5 5 5 5  0.
S S • S S 5 5 •Os S U Se so • • • IV

0 5 40 5 40 5 5 5 5-... 5 40 50 540 40 5 5 5 1
. 5  5 5 5 S 40 5 50 5 40 5— . 5-. • 5 5 5 IV

— 5 5 S 5 5 5 5 5 5 5 54 54 5 S 5 5 5
5 5 5 . S S 5 40 S 5 40 5 5 5 5  5 —
S 5 S • 5 5 5 5 5 5 5 5 5 5 5 40 5
5 5 5 5 5 5 5 5 5 40 S 5 5 40 5 5 0
S • 5 5 5 S S 5 5 5 5 4 • • S S IV
• 5 5 5 5 40 5 5 40 5 40 5 5 5 5 40 S S
S S 5 5 5 5 S S S S S 5 5 5 S S S
5 5 S S 5 5  5 5  . . 5 5 5 5  5 • •

4 0 5  5 5 5 5 5 5 5 5 S S 5 5 5  5 5 5
• S 5 5 5 5 5 5 5 5 S S S S S 5 5 5
S .  S • 5 4 05  5 5 5 5 5 5 • • s s
5 5  5 5 5 5 5  5 5 S S 5 5 5 5 5 5
5 40 40 5 5 5 40 40 5 5 40 5 405-5 40 5 •5 5 a 5 5 5 5 5 5 40 . S 55- S 5 5 5
• 5 5 5 5 S S S 5 5 5 5 S— S  5 5 5
5 5 40 5 5 5 5 5 5 5 5 5 545 5 5 5
• S S 5 5 5 5 5 S S S S S S • 5 5
• 5 5 5 5 5 5 5 5 5 5 5 5 40 5 5  5

0 5 5 5 5 5 5 5 5 5 5 . 5 5 . 5 40 5•4  
— 40 MI IV

~ Ii. I.. 1. Ii. I~. Si. Si. Si. Ii. 51. 51. 51. Si. 5 1 .5  5 S S S I I I 4 0 4 0
U U U U U 0 U U U U 0 2 5- 2 5- 4 4 4 4 0 0 0 0 4 4— — — — — — — — — — ~~~~~~~~ — — — —  . 4_ I . 4J  ~~~~ — 1 1 6  (‘ii 5 S
U U 0 0 00  0 e
4 0 5  5 0. O~~~~~~~.J 7 5 7 2 0. 5- 2 5 - U S I A  U S I A  5- 0. 0. 7 5 - 5 -

0 5.1~~~~~ 4 — W e  M I M I  MI M I M I  MI M I M I  M I M I  U S I A
I I a- 0 U 0 0 4 0 5 -  0 4 0  0 0 0 0  0 0 4 0 4 0

4 4 U 4 7 0. 2 U .6 5-
2 0. 5 40 I 4 0 5  7 0 4 0  4 0 4 0  M I M I  MI i.. 4 0 4 0 0 4 0  M I S
M I M I  MI 5 - U S  5 2 MI 4 5  5 5 0. 0 0  0 4 4 0  5 S S M I M I
0 4 0 2 W  0 5 - M I  5- MI 2 9 9 50  5 - 5 5 5 5  I I -

MI I 2 MI 5 1 1 5 - 0 5 - I -a- a- 4 0 4 0  40 .45- 5 - 5 . 5 -  5 - 5 .
4 0 4 0 4 02 0 .  MI 4 0 4 0 0  IA — 0 5 40 S O  5- 4
5 5  0 40 5- ~ I I S .  111 US 5 3 9 >0 00 0 . 4 0
5 5 .4 I 40 0 0 5  4- 4- 4 5 - 5 -  5- 0 2  5- 5- 2 Ii.

— a- 5- MI 0 5  .4 I 0. IV I V >  0 0 a- — — — —UI .4 5  5 5  5- 5- 5- 5- - . 1 0 .  IA 0 *  5- 5- 5-
U S I A  M I S  .45 5- — I— IA U 0 4 4 4 I- 4 4- — 4 5 1 6 5 -  a- — 4 5 1 2 5 .  40 0.
4 00  0 0 .  U 1 40 5-

511 1 4- 4 US U
..I 4 - M I  0 —
M I M I  5- 40 0.
5 5 - U S  0 4-
5 1 . 4 0  0

82

--— - - - - -—- --- --- . - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - --~~~~~~ ~~~~~

- 
~~~~~~~

- --- ---

~~~ 

-

~~~~~~

--



______________________________________ - - - - _“5

1-

REQUIREMENT PARAMETER

L~~
0 ~~~ ~Oflt I j i l)  Type of System

The power system types, based on USAF defini t ions
are tabulated below . The following abbreviations are used:

M — mobile system
P — transportable system
F — fixed system

System Type

GAS TURD GEN -SC(CF)

GAS TURD GEM - R C(CF)  
— 

F
DIESEL GENERATOR (CE’) T
SPARK IGN ENG GEN(CF) 

-

FUEL CELL - PHOS ACID(CF) F
STEAM TURD GEN -COAL(CF) F
STEAM TURD GEM - OIL (CF) F
STIRLING ENG GEN(CF)

MilD GENERATOR(CF) 
F

MilD/STEAM GEN( CF ) 
-

THERMIONIC GEN(CF) 
F

STEAM TURB GEN(NF) 
-

ORGANIC VAP TURB GEN(NF) 
-

GAS TURB GEM(NF) 
— 

F
RADIOISOTOPE GEN(NF) 

-

STEAM TURB GEN (SOLAR) 
- F

ORGANIC VAP TURD (SOLAR~ -

GAS TURB GEN (SOLAR) 
- F

PW)TOVOLTAIc (SOLAR ) 
F

WIND TURB GEM 10-1 
F

WIND TURD GEM 10-5 F
WIND TURD GEM 20—1 F
WIND TTJRB GEM 20-5 

F- 

FLYWHEEL STORAGE 
- 

BATTERY STORAGE
- — ---r -— —

- 4
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REQUIREMENT PARAMETER 4

10 MW Cont. 13) Growth Potential I
The power systems are ranked below according to their growth
potential, or ability to have their rated power output increased
by incremental amounts. This depends on the degree of modularity
of the system. A fully modular system has the most growth poten-
tial, a non-modular system has none.

System Critical Materials

GAS TURE GEN - Sc(CF) Not modular

GAS FURB GEM - RC(CF) Not modular

DIESEL GENERATOR (CE’) ~~~~~~~~~~~~~~~~~~~~~~~~~~

SPARK ION ENG GEN(CF)

FUEL CELL - PHOS ACID(CF) F~’lly modular

STEAM TURD GEN -- COAL(CF) Not mooular

STEAM TURD GEN - OIL(CF) Not modular

STIRLING ENG GEN( CF) Not modular, except possibly
____________________________ largest requirements

MUD GENERATOR (CE’) Not modular

MUD/STEAM GEN(CF)

THERMIONIC GEN(CF) Partly modular

STEN.1 TURB GEM (NE’)

ORGANIC VAP TURD GEN (NF )

GAS TURD GEN (NE’) Not modular

RADIOISOTOPE GEN (NF )

STEAM TU RD GEN (SOLAR) Not modular

ORGANIC yAP TURD (SOLAR) -.

~~~ TU~~ GEN (SOLAR) 
Not modular, except possibly —

____________________________ la rgest requirements
PHOTOVOLTAIC (SOLAR) Fully modular

WIND TURD GEN 10-1 Modular for most requirei~ents

WIND TURD GEM 10—5 Modular for most requirements —

WIND TURD GEN 20-1 Modular for most requirements 
-

WIND TURD GEM 20-5 Modular for most requirements

FLYWHEEL STORAGE

BATTERY STORAGE
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REQU IREMENT PARAMETER
1 14) Reliability/Availability 

11C MW CQnt . I

The tabulated conditions exist th the
power system to the extent ~nd~cated .

b

4 0~~0 4~
0 

~~~ ci ô~. ~ a

~~~~~~~~p 7 b
Ø4 4~~~ ~~~~~~~~~~~~0 0 0

~(•0 ~~ ~ ~~~~ ~~~~

9 •Y

~~~~4 4  ‘
~~ 6) 6) 4 0 ~ .c”

SYSTEM

GAS TURD GEN - SC(CF) 1 .~~~~ ..i_ ~~~ —p- -~~ - - Condition does not
GAS~ TURB GEN - Rc(CF) 

~ • 0 - • e • exist in system
DIESEL GENERATOR (CE ’) 

-i -~~~ —~~~ - -- -Q- .~Q -~~~ - —
~~~ 0 - Cortd i~ ion exists ,SPARK 1GM ENG GEN (C F ) 

— — — — — but its extent is— — suffic ient minorFUEL CELL - PHOS A CID( CF) 
-

~~ .-~~ 
-~~~ -Q -~~ -~~ - -~ - —

~~ as to have minima lSTEA M TURD GEN - COAL(CF) • 0 0 o e • effect  on system— — — performance orSTEAM TURD G E N - O I L ( C F )  
-

~~ 
-

~~ —f l- - -  ~Q- -~~~ ~~ -~~~ -Z- rel iabil i ty
STIRLING ENG GEN (CF)  0 0 o - o ..~~. i._______________________  — — — — e - - Cond itions exists ,MilD GENERATO R(CF) 0 S - 1 .1 .L and its extent is
MilD/STEA M GEN (CF) 

- — — — 
sufficient to have_________________________ — — — a moderate effectTHERMIOMIC GEN(CF)  

- 
0 j .~~~~ . I ~~ -2.. .... on system per form-

STEAM TURD GEN (NF)  — — — — ance or reliability
ORGANIC VAP TURD GEN (NF) I • - Condition exists
GAS TURB GEN(NF) , o ..~~~~ g. - e L and is a governing— — 

factor in determin—• RADIOISOTOPE GEN (NF)  
—  _- 

— ing system per form-STEAM TURB GEM (SOLAR) • o o o e • • ance and re1iabj1jt~
ORGANIC VAP TURB (SOLAR) 

— 
GAS TURB GEN (SOLAR) o o o - o o L -
PHOTOVOLTAIC (SOLAR) o - - o - -
WIND TURB GEM 10-1. 0 0 • - 0 - - - I -
WIND TURB GEM 10-5 o o • - a - -

WIND TURD GEM 20-1 o o • - o - -
WI ND TURD GEM 20-5 a _ _
FLYWHEEL STORAGE ~~

- I.. :. ~ L. - 86
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REQUIREMENT PARAMETER

10 MW Corit . 17) Availabili ty of Raw Build—
________________________ ing Materials

Construction mater ials  which are critical to the power systems
and are of limited supply in the United States and Free World
countries are listed below.

System Critical Materials

GAS TURB GEN - SC (CF) 
None

GAS TURB GEN -RC(CF)
________________________________ None
DIESEL GENERATOR (CE’)______________________________ None
SPARK ION ENG GEN ( CF )

FUEL CELL - PHOS ACID(CF)
____________________________ Platinum
STEAM TURD GEM - COAL (Cr )

________________________________ None
STEAM TURD GEN-OIL(CF)

________________________________ None
STIRLING ENG GE M (CF)

________________________________ None
MilD GENERATOR (CF)

___________________________ None
MilD/STEAM GE N ( C F )

THERMIONIC G E N (C F )
____________________________ None

STEA M TURD GEN (NF)  - _______________________________________

ORGANIC VA? TURB GE N ( N F )

GAS TURB GEN (N F ) - _________________

________________________________ None
RADIOISOTOPE GEN (N F )

- 
STEAM TURD GEM (SOLAR)

______________________________ None
ORGANIC VA? TUR D ( SOLAR)

GAS TURB GEM ( SOLA R)
________________________________ None
pnOTOVoLV~TC (SOLAW) Possibly lead for conventional batteries

- WIND TURB GEM 10-1 .
____________________________ Possibly lead for conventional batteries

WIND TtJRB GEM 10-5 Possibly lead for conventional batteries
WIND TURD GEM 20-1 

- 

Possibly lead for conventiona l batteries
WIND TURB GEM 20-5

___________________________ Possib ly lead ~~~ conventional batteries
FLYWHEEL STORAGE

BATTER Y STORAGE
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SECTION VI

TEN MEGAWATT , 8 HOUR

REQ~UIREMENT

Power Level: 10 Mw

Operating Mode: 8 hours per day

Frequency/Phase : 60 H z/3Ø

Voltage Level: 14160 V
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REQUIREMENT PARAMETER
MW 8 Hr. Environmental Constraintsf

The degree of difficulty in meeting more strict environmental regulations
is indicated for each of the pollution types, except for thermal discharge,
where amount is shown.

Notes: (a) system is air or water cooled; heat rejected directly to atmosphere.
(b) system is water cooled ; heat rejected to body of water or cooling

tower. Water source and/or make—up required
S.. ~~

4’
U’ P

F,
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  /1~~~ •4 ,0 ~~r

+ ~~~ 
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‘

SYSTEM 4’
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_________________ _~~~~~~~~~~~ O O _ ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~SPARK IGN EN(.1 (i~.N ( C ~~) — mo erat
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REQUIRE MENT PARAMETER
10 MW 8 Hr . 8) Location Res t ra i~~j

The locat ional  l imi t a t ions  of the power system, and the
degree of d i f f i c u l t y  in overcoming these limitations are
indicated in the following tabulation. .cq~ 4~— — no l tm it at i~~
O - minor l i m i t a t i o n  ~~ .~~~ ‘~~~ 4

q, 
~~C. ~~~~ ~~~~~~~~ ~~e — major  l i m i t a t i o n  00 40 .~~~~ 

~~
, .çe~ ~

• — overrid ing l imi ta t ion  C. q ~ 4~~ . ~

~
, 

~~ ~ 0
~~b b ~~~~ ~~~~

é’~ é~ 
4 0

4 4 ~~, ~ ~j  ~,O ~~
4 ~~~~~~~~

SYSTEM ~~~~ 
,
~~~~ <~~ 

~.,
o ~~

GAS TURB GEN - SC(C F)  — - 0 I - - - -
GAS TURB GEN - R C ( C F )  - o s — - — —
DIESEL GENERATOR (Cr )  — - - - - - 

- 

-

SPARK IGN ENG G E N ( C F )

FUEL CEL L - PHO S A C I D ( C F )  — — — • —  — -
STEAM T’JR I3 GEN - COAL(CF)  e .~~.. i.. L .. ~~-

STEAM TURB G E N - O I L ( c F )  e e s •- —  - —
STIRLING ENG G E N ( C F )  - - o • - - - -
MHD GENERA TOR(C F )  o o o s - - - -
MHD/STEAM G E N ( C F )

THERMIQ NI C G EN ( C F )  o ~~~~~ ~~~~~ -

STEA M TU R B G E N (N F )
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—
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- t. ~~~~~ =. ... ~~ ...
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WIND TURB GEM 10-1 - -
WIND TURB GEM 10-5 - -
WIND TURS GEM 20-1 — —
WIN!) TURB GEM 20-5 - -
FLYWHEEL STORAGE
BATTERY STORAGE 
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REQUIREMENT PARAMETER

10 MW 8 Hr. [9) Operational Restrain~~]

The tz~bul~ tcd oper at ing character is t ics
are applicable to the power system as 

~~ ~Pindicated .
~~
‘ 4’ ~~

-

~
‘ 

~~~~~~~~~~ 
..,,0 

~1’
~ ~~b 

.~P— Charac te r i s t ic  not observed
in system operation ~~~~ .$, ~~~~ —S ~O - Charac te r i s t i c  has  minor 4 .., ~,0 

~Fe f f e c t  on system performance ~c~’ ’-Y ~~~~8 — C h a r a c t e r i s t i c  has moderate 
~ ~~~~ ~~~~~~~~

e f f e c t  on system per formance 0 0 ~~ ~$
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e f f e c t  on system per formance ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ 4
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R E Q U I R E M E N T  PARAMETER

10. MW 1 Hr. L~ 
Operational Restraintsl

U’

The tabul~tcd operating characteristics ~~are applicable to the power system as ~ 1 ~ .J~ 
4’D

indicated 4’ .C~’ ~~~~
— Characteristic not observed ~~~~~~~~~~~~~~~~~~ e’~in system operation ~~ .

~~

‘ /‘ .~~~ 4~ ‘i”
0 — Character is t ic  has minor ~~ ~~ ~,O 

~Pef fec t  on system performance
8 — Character is t ic  has moderate 0b ~~

e f fec t  on system per formance 
,
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‘ o~’- Character is t ic  has major  .ç.C’ ~ b 
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• REQUIREMENT PARA METER

I 10 MW 8 HR J i l )  Type of System

The power system types, based on USAF defin itions
are tabula ted below. The following abbreviations are used:

M — mobile system
T — transportable system
F — fixed system

System Type

GAS TURB GEN - SC(CF)

GAS TURB GEN - RC(CF)  F
DIESEL GENERATOR (CF) T
SPARK IGN ENG GEN(CF) -

FUEL CELL - PHOS ACID( CF )  F
STEAM TURB GEN - COAL(CF) F
STEAM TURB GEN - OIL (Cr) F
STIRLING ENG GEN(CF) T
MED GENERA TOR(CF) F
MED/STEAM GEN(CF)  -

THERMIONIC GEN(CF)  F
STEAM TURB GEN (NF)  

-

ORGANIC VAP TURB GEN ( NF) 
-

GAS TURB GEN ( NF )

RADIOISOTOPE GEN(NF) -

STEA M TURD GEM (SOLAR) F
ORGANIC VAP TURB ( SOLAR) 

-

GAS ~~JRB GEM (SOLAR) F
PHOTOVOLTAIC (SOLAR ) 

F
WIND TtJRB GEN 10—1 

F
WIND TURB GEM 10-5 

F
• WIND TURB GEM 20-1 F

WIND TURB GEM 20-5 F- 

FLYWHEEL STORAGE 
F

~~BATTERY STORAGE 
F
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REQUIREMENT PARAMETER

10 MW 8 Hr. 13) Growth Potential 1
The power systems are ranked below according to their growth
potential, or ability to have their rated power output increased
by incremental amounts. This depends on the degree of moduisrity
of the system. A fully modular system has the most growth poten—
tial, a non-modular system has none.

System Critical Materials

GAS PURE GEM - Sc(cF) Not modular

GAS TURD GEM - RC(CF) Not modular

• DIES EL GENERA TOR(CF ) ~~~ g~~~~~~~~~ i~~~~~~~S
P0S5

~
HY

SPA RK IGN ENG GEN(CF)

FUEL CELL - PHOS ACID(CF) Fully modular

STEAM TU RD GEN - COAL(CF) Not modular

STEAM TURD GEM — OIL(CF) Not modular

STIRLING ENG GEN (CF) Not modular , except possibly
_____________________________ largest reauirements

MUD GENERA TOR (CE ) Not modular

MUD/STEAM G EN ( C F)

THERMIONIC GEN (CF)  Partly modular

STEAM TURD GEN( N F )

ORGANIC VAP TURD GEN (NF)

GAS TURB GEN (NF ) Not modular

RADIOISOTOPE GEN (NF)

STEAM TU RD GEM (SOLAR) Not modular

ORGANIC VAP TURD (SOLAR)

GAS TURD GEM (SOLAR) Not modular , except possibly
_____________________________ largest requirements

PHOTOVOLTAIC (SOLAR) Fully modular

WIND TURD GEN 10-1 Modular for most requirements

WIND TIJRB GEN 10—5 Modular for most requirements

WIND TURD GEN 20-1 Modular for most requirements

WIND TURD GEM 20-5 Modular for most requi remen ts

FLYWh EEL STORAGE Modular for most requirements

BATTERY STORAGE Fully m~,Jular
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REQU IREMENT PARAMETER
10 MW 6 H’. J 14) Reliability/Availabilityl

The tabulated conditions exist in the
power system to the extent indicated.
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REQUIREMENT PARAMETER

10 MW 8 Hr. I 17) Availability of Raw Build—
L i.ng Materials

Construction materials which are critical to the power systems
and are of limited supply in the United States and Free World
countries are listed below.

System Critical Materials

GAS TURD GEN - S C (C F )  
None

GAS TURD GEN - R C (CF)
________________________________ None

DIESEL GENERATOR ( C F )
____________________________ None

SPARK 1GM ENG GEN(CF)

FUEL CELL - PHOS A C I D ( C F )
____________________________ Platinum
STEAM TURB GEN -COAL(CF)

_______________________________ None
STEA M TURD G E N - O I L ( C F )

________________________________ None
STIRLING ENG GEN ( CF )

__________________________  None
MHD GENERA TOR (CF)

___________________________ None
MHD/STEA M G E N ( C F )

THERMIONIC GEN(CF)
________________________________ None

STEAM TURD GEN (NF )

ORGANIC VAP TURB GEN (NF)

GAS TURD GEN (NF)
_______________________________ None

RADIOISOTOPE G EN ( N F )

STEAM TURB GEM (SOLAR)
______________________________ None- ORGANI~~~VAP TURB (SOLAR )

GAS TURD GEM (SOLAR )
______________________________ None

PROTO~f~~ TA IC (SOLAR ) 
Possibly lead for conventional batteries

- WIND TURD GEM ~~~~ Possibly lead for conventional batteries
WIND TURB GEM 10-5 - 

.

___________________________ Possibly lead for conventional batteries
WIND TURD GEM 2 0 1  Possibly lead for conventiona l batteries
WIND TU R D GEM 20-5 

Possibly lead fçr cqnvQntLonal batteries
FLYWHEEL STORAGE

__________________________  None
BATTERY STORAGE

___________________________  
possibly lead for conventjpnaj b~~~~erieg
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SECTION VII

TEN MEGAWATT, ]. HOUR —

REQUIREMENT

Power Level : 10 Mv

Operating Mode: 1 hour per day

Frequency/Phase: 60 Hz/30

Voltage Level : 14160 V —
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REQU IREMENT PARAMETER
10 I0~ 1 Hr. j 7 )  Environmental Constraintal

The degree of difficulty in meeting more strict environmental, regulations
is indicated for each of the pollution types, except for thermal discharge,
where amount is shown.

Notes~ (a) System is air or water cooled ; heat rejected directly to atmosphere.
(b) system is water cooled ; heat rejected to body of water or cooling

tower. Water source and/or make—tip required
~ 1
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REQUIREME NT PARAMETER

10 MW 1 Hr. I [8) Location Restrai~~

The locational limitations of the power system, and the
degree of difficulty in overcoming these limitations are ~
indicated in the following tabulation. 4C

- - no itmitatton dI~ ~ 4’ ~O - minor limitation .? ~ b 4 .~~-‘ 4••Y Ci
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REQUIREMENT PARAMETER
750 KW Coflt. [9) Operational Restraintsl

The tabul~ited operating characteristics I 0~are applicable to the power system as ‘Y 5 ’
indicated 4~ ~ C~ ~~~~~ 
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5’

REQUIRE MENT PARAMETER

I 10 MW 1 ~~~~~
. 

Jil) Type of System

The power system types, based on USAF definitions
are tabulated below. The following abbreviations are used:

M - mobile system
T - transportable system
F — fixed system

System Type

GAS TURB GEM - SC (CF) T

GAS TURB GEN - RC(CF) F

DIESEL GEN~~.A TOR(C F) T
SPARK 1GM ENG GEN(CF) 

-

FUEL CELL - PROS ACID(CF) 
F

STEAM TURB GEN - COAL(CF) F
STEAM TURB GEN -OIL(CF) F
STIRLING ENG GEN(CF)
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F —

MED/STEAM GEN (CF) 
-

THERMIObTIC GEN(CF) F
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-
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- 

—

GAS TURB GEN(NF)

— RADIOISOTOPE GEN(NF) 
-

STEAM TURS GEM (SOLAR) 
-

ORGANIC VAP TURB (SOLAR ) 
-

GAS TURB GEM (SOLAR) F
PHOTOVOLTAIC (SOLAR ) 

— 
F

WIND TURB GEM 10-1 F
WIND T(JRB GEM 10-5 F
WIND TURB GEM 20-1 

— 
—

WIND TURB GEN 20-5 
F

— 
,~

. 

- 

FLYWHEEL STORAGE 
F

BATTER Y STORAGE 
F
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10 MW 1 Hr. 

~
- 13) Growth Potential 

I

The power systems are raniced below according to their growth
potential, or ability to have their rated power output increased
by incremental amounts. This depends on the degree of modularity
of the system. A fully modular system has the most growth poten-
tial, a non—modular system has none.

System Critical Materials

GAS TURD GEN - SC(CF) Not modular

GAS TURD GEN - RC(CF) Not modular
- 

DIESEL GENERATOR(CF) Not modular, except possibly
_______________________ 

largest requirements
SPARK IGN ENG GEN(CF) Not modu la r , except possibly

____________________________ largest requirements
FUEL CELL — PHOS ACID(CF) Fully modular

STEAM TURD GEN - COAL (CF) Not modular

STEAM TURD GEN - OIL(CF) Not modular

STIRLING ENG GEN (CF) Not modular , except possibly
______________________________ largest requirements
MUD GENERATOR(CF) Not modular

~~D/STF.AM GEN(CF)

THERMX ON I C GEN(CF) Partly modular

STEAM TURB GEN (NF)

ORGANIC VA? TURD GEN( NF )

GAS TURD GEN(NF) Not modular

RADIOISOTOPE GEN (NF)

STEAM TURD GEN (SOLAR) Not modular

ORGANIC VA? TURD (SOLAR)

GAS TURD GEN (SOLAR) Not modular , except possibly
____________________________ largest regu~ roments
PTIOTOVOLTAIC (SOLAR) Fully modular

WIND TURD GEN 10-1 Modular for most requirements

WIND TLJRB GEN 10—5 Modular for most requirements

WIND TURD CEN 20-1 Modular for most requirements

WIND TURD GEN 20—5 Modular for most requirements

FLY~IIEEL STORAGE Modular for most requirements

DATTE&~Y STORAGE Fully modular
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j [
14) Reliability/Availability 

1

The tabulated conditions exist in the
power system to the extent indicated.
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REQUIREME NT PARAMETER

10 ~4tJ 1 Hr. 17) ~ vaij .a~~i1j ty of Raw Build-
________________________ ing Materials

Construction materials which are critical to the power systems
and are of limited supply in the United States and Free World
countries are listed below.

System Critical Materials

GAS TURB GEN -SC(CF~ None
GAS TURB GEN — RC (CF)

None
DIESEL GENERATOR (C?)

_______________________________ None
SPARK 1GM ENG GEN(CF)

FUEL CELL - PHOS ACID(CF) 
- _________________________________

— 
____________________________ Platinum
STEAM TTJRB GEN - COAL(CF)

_____________________________ None
STEAM TURB GEN -OIL(CF)

_____________________________ None
STIRLING ENG GEN ( CF )

_______________________________ None
MHD GENERA TOR (CF)

____________________________ None
MHD/STEA M G E N ( C F )

THERMION IC GEN(CF)
_______________________________ None

STEAM TURB G E N ( N F )

ORGANIC VAP TURD G E N ( N F )

GAS TURB GEN (N F )

RADIOISOTOPE GEN (N F )
- 

STEAM TURD GEN (SOLAR) ——

____________________________ None

ORGANIC VAP TURD (SOLAR)

GAS TURB GEM (SOLAR)
____________________________ None

PHOTOVOLTAIC (SOLAR ) 
Possibly lead for conventional batteries

WIND TURD GEN 10-1 Possibly le~ d for conventional batteries
WIND TURD GEM 10-5

____________________________ 
Possibly lead for conventional batteries

WIND TURB GEM 20-1 Possibly lead for conventional batteries
WIND TURB GEM 20-5 Possibly lead for conventional batteries
FLYWHEEL STORAGE

- — None- BATTERY STORAGE
___________________________  

Possibly lead for conventional 1~atterips
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SECTION VIII i

750 KILOWATT , CONTINUOUS

REQUIREMENT

Power Level: 750 Ky

Operating Mode: Continuous

Frequency/Phase: 60 Hz/30

Voltage Level : bi6o V -
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RC0uIRENEWr PARAMETER

750 KW Cont. I ~7) Environmental Constraintsl

The degree of difficulty in meeting more strict environmental, regulations
is indicated for each of the pollution types , except for thermal discharge,
where amount is shown.

Notes: (a) system is air or water cooled ; heat rejected directly to atmosphere.
(b) system is water cooled; heat rejected to body of water or cooling

tower. Water source and/or make-tip required
-
‘ 

-
‘

00 0 .

•4 4 v
•
0~~~~~~~~~~~~~, C

•_v 
~~~ ‘ C.. ‘D

SYSTEX~ ~~ c.. 
~~ ~~

GAS TURB GEN - Sc(CF)
_ _ _ _ _ _ _ _ _ _ _  ~~~~~LL !  LLL_ m. .  -
~~~~~ TURB GEN - RC (CF) — — none
DIk.bkI.. G~ N~~ ATOR (CF) — — — — — — — — 0 - minor
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  — — 0 0 e 0 IL — — —S WAKK ~~~~~ ~~~~, — — — — — 0 - moderate

~1IV L c~ LI.. - vflp~ ACIU(CFJ — — — — — — — S — maj or
_ _ _ _ _ _ _ _ _ _ _ _ _  0 — — — —
STEAM TURB GEN - COAL (CF)
_ _ _ _ _ _ _ _ _ _ _ _ _  — 1 0 0 e e e • I o —
STEA M TURB GEN - O I L ( C F )

STIRLING ENG GEN (CF) — — — — — — -
~~~~

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  — 0 0 
~~~. L. ~~~~~~~~U~D GENERATOR (CF) 

—

1~HD/STEA M GEN ( CF )  — — 
THERMIONIC GEN (CF )

5TEA~~ TURB GEN (N1)

~ RGANIC VPi F TUKB G VN ( N P J 
— —

GAS TURS GEN (r ’Ik ; ~~
— ~~—

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  — S — — — — S — —RADIOISOTOPE ci~.N~~N 1)  — 

~‘t~ — — — —
~~~AM TURB GEW (SOLAR) — — — — — — —

~ORGANIC VAP TURB (SUL~ K) — — — —
- 

—

_ _ _ _ _ _ _ _ _ _ _ _ _  - S — — — - e - — o —GAS TURB GEN (SOLAR ) — — — — — — — — —
PHOTOVOLTAIC (S0LAK ) — 

_ _ _ L
WIND TURB GEN TALLJ — — — — — — — — — —
FLYWHEEL STORAGE

BA~ FERY STORAGE
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REQUIREME NT PARAMETER
750 KW Cont . 8) Location Re s t ra i~~ ij

The locational  l imi ta t ions  of the power system, and the
degree of d ifficulty in overcoming these limitations are ~
indicated in the following ta1~~lation . _c,0 ç0~0- - no l imita t ion  -~~ ~~~

‘

O - minor limitation -~~ ~~~ ~~- 
~~. 

‘~ 
~~~~ a’C.. CO - major llmLtatlon 00 40 .$ 

~ 4• — overriding limitation C. q 
-
~~ 4~ ~~O (çO~~~ ~ ~~

‘ o~ ‘,.b- 5- b ~~ ~~ ~~ 
/ vc4~~1~~

Q$ ’
~ é’~ ~~ c’ ~4 4 ~ 

,~~ .0 .
~

4 4 . 4 •~,~~~~~~ d (~j

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  o ~
. v 0

~ 
O - ~SYSTEM .

~~~ ~~~ ~~

GAS TURB GEN - SC(CF)  — o • - — — -

GAS TURB GEM - R C ( C F )

DIESEL GENEP.ATOR(CF)  
- - —  - -

SPARK IGN ENG GEN(C F )  
~~~ _

FUEL CELL - PHOS A C I D ( C F )  
— - — - — - —

STEAM TUR B G EN - COAL (C F ) e e • ~~~ .:: ~.

STEAM TURB GEN - OIL(CF) 
-

STIRLIN G ENG G E N ( C F )   
— o • —  — —

MHD GENERATOR (CF)

KHD/STEAM GEN (CF)

THERM IONIC GEM (CF) 
— o .~~~~~ ~~~~~ 

p.
STEA M TURB G E N ( N F )

ORGANIC VA P TU R B GE N ( N F )  ~ ~~ ~~~
,,

GAS TURB GE N ( N F )  e I a... .~~... .~~~~~ L =_
RADIOISOTOPE GE N ( N F )

ST EAM TURB GEM (SOLAR) 
— 

-

ORGANIC VAP TURB (S OLAR ) 8 — o - ~~,, - - -

GAS TURB GEM (SOLAR) - o -  - -

PHOTOVOLTAIC (SOLAR )  -  - •  - -
WIND TURB GEM 10-1 

- —

WIND TtJRB GEM 10-S - -
WIN D TURB GEM 20-1 — —W IN r ~ TURD GEM 20-S - -
FLYWHEEL STORAGE

BATTERY STORAGE 
— — 
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REQUIREM E NT PA RAMETER

L750 KW COflt . [~
) Operational Restraintsl

The tabu1~ tcd operating characteristics Iare applicable to the power system as ~Y •4~
’

d~ ~~indicated 
,~
‘ ‘(7 ~~~~~~ ‘t~~

~~~~~~~ .?
— Character istic not observed ~ ..~~~ ~,o v

in system operation ~~~~~~~~~~~ 
~~o~’f .c

~ ~~~
‘

O — Character is t ic  has minor ..5> ~~~~ ~ ~ ~,0 o~effect  on system performance
8 - Character is t ic  has moderate 0b ~~ ~effect on system performance 

C C C ~?• — Character is t ic  has major  ~C.. ~c’ b 
~~effect  on system perforrnQnce ~~~~~~ -~P 4€~ C. 

_ _ _  Y ‘(‘ 0 0 4 0 0  b

SYSTEM 1~~~~ 
~~~~ ~0 ~~

GAS TURS GEN - SC(CF) 
~~ o — — o 0 0

GAS TURB GEM - RC(CF) 
-

DIESEL GENERATOR (CE )  o o — - o 0 0
SPARK IGN ENG GEN ( CF)  e o - - o o o
FUEL CELL - PROS ACID(CF)

STEAM TURS GEN - COAL(CF) ~ ~ = = ~ e ~
STEAM TURB GEN - O I L ( C F )

STIRLING ENG GEM(CF) o o — - 0 o 0
MHD GENERATOR(CF)

M}~D/STEAM GEN (CF)

THERMIONIC GEN(CF) o o - — e o 0
STEA M TURB GEN (N F )  
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ORGANIC VAP TURB (SOLAR ) 
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WIND TURE GEM 10-5 

- - — — - -

WIND TURB GEM 20—1 — — — • — — —WIND TURB GEN 20 — 5 - — — — — — —FLYWHEEL STORAGE

BATTERY STORAGE
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REQUIREMENT • PARAMETER

750 KW Cont 1 Jil ) Type of System

The power system types, based on USAF definitions
are tabulated below. The following abbreviations are used:

M - mobile system
T — transportable system
F — f ixed system

System 
- 

Type

GAS TURB GEN - SC(CF)

GAS TURB GEN - R C ( C F )  
—

DIESEL GEN~~ATOR (CF )

SPARK 1GM ENG GEN (CF )

FUEL CELL - PHOS ACID (CF)

STEAM TURB GEM - COAL (CF) F
STEAM TURB GEN - OIL (CF)  -

STIRLING ENG GEN (CF) 
—

~~iD GENERATOR (C? ) 
-

MHD/STEAM GEN(CF)  
-

THERMIONIC GEN (CF) M
STEAM TURB GEN(N F)  

-

ORGANIC yAP TURB GEN(NF) 
F

GAS TURB GEN ( NF ) 
F

RADIOISOTOPE GEN (N F ) 
-

STEAM TURB GEM (SOLAR)

OR GANIC VAP TTJRB (SOLAR) 
— 

F 

—

GAS TURB GEM (SOLAR) 
F

PHOTOVOLTAIC (SOLAR) F
WIND TURB GEM 10-1

WIND TURB GEM 10- 5 
____________________

WIND TURB GEM 20-1
WIND TIJRB GEM 20-5

FLYWHEEL STORAGE 
-- 

BATTERY STORAGE 
-

~~~~ 1

147

~-•-~~-.. ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-- -.- - — -



- - - - - - 5 - -

in
S
in
in

(1) in
N 5
• .  in
1(1 5

in s-
in s-
.—
5* Uin I
in —in 5-

O S
• in

N in
S S
5 I.-
S 0.
S in

mitin 5-OS UI
lit, i n_ S in
s - -i i n 0 i n  in N
.• in in in —5 0i n  in
I S O S  in

i n_ i n  S -
S OS  in 0.

N S in S Uo i n S - i n  inO S- 
in s - i n  50  IV
i n_ S  in-. I

*11) 5* 5  5*  in
• in 5 5 0. 

S U S in
in in in 0.

in S in in
U S S in
5- in 5 0.
S in in in
2 5 in in
— mit in U S
IN S  in S S

in S S
5 5 S

0. in S S
-0 5 in S
5- S in in
(it in S in

S in S
0 in in S VS

in in S
00 in in in
0•• in in in 3 

in in in P
I S S 5 —
I in in in 5-in S in P
• in S S 0
• in in in

in in in
ill in in in 5-I. in in in I
• in in in

in U in 0
in S S U)
in S in p..
S S S
in S in -
S U in in in in I-
in in in S S S 2
S in 5 5  5 in U

U) S S in in S in I
in S S 5 5 S U

S in 5 S i n  5 in 0.
S in S i n  in S —
• S S in S S S
in S in ino ina inc 0

o in in in Sin  S i n i n O  U
0~ • 5 5 in ... 5 5.... 0. 

S S in S in  S* i n i n
(1) U S in S i n  S i n
Pa 5 in 5 5  5 •• U) in S S in in S

in S in in in i n .  
S in in in in S

in in in • 5  5 S —
S in S .  S i n  UP.- P. - i n  in Sit S i n  in S

I P. P -S  5 0. 5 5 i n S  U) U) If) sit VS
—  — S  in — S S in S in 0. 0. in in

I in in inS S in S S 5 5
0 5 1 5  in in S S in in S S S I V 0 5 0 0 0 0 0 5 5
• • 

U) — U)
U. is. is. is. is. U. U. is. is. U. is, 5.. U. U. U. 0 . 0 .  0 0  I I S S
U U U U U U U U U U U P P 2 2 in in in in 0 0 0 0 in in

— N 0.5 0. 0.
0 0  0 0 0 0  0 0
in 0. ~t Z 0 .1 . 1 2  0. 2 2 2 P 2 2 ( 1)  ( A V I V )  P P P 2 5 - I -

0 U in  W O W  U 5 . 5 W  U U U IV W W V )  in
S S I- 0 0 0 0  0 5 -  0 0  0 0  0 0 0 5 0 0

in in U in P 2 Z U 5-
P P 0. 0 5 0 0 .  1 0 0 . 0 .  0. lii 5 . 1 W  U 0 0 . 5 0  U 0.
U U l.J P VS I P W i n  0 0 0 0 .  0 0 0 * 0 . 0 . 0 .0 W  U
0 0 2  U 0 P U T  U P S  3 30  1 - 3 3 5 5  2 5 -

U 2 2 IV U S -  0 5 - 5 -  5- 5- 0 . 0 .  0. . 5 5 - 5 - 5 - 5 -  5- 5-
O 0 0 2  0 W O O  in U) — 0 0 .  0. 0 .0  5- in
0 0 .  15 0 7 % 1 l O U )  ( A S  5 3 > 0 0 0 0 . JS
5 5 -I I 0. — 0 0 0  in in in S - S - 5 -  0 2  7 P 2 U.
5- 5- U 0 0 .  .1 2 2 IV U >  0 0  5- — — — -

VI 1 J O  3 0 .  1 2 I S -  1 0. (A Q I  3 5- 5-
in (A U 0. i S  I- 5- (A U 0 in in in I
in in s-S in U S -  5- — in IV 1 0 0
0 1 5 0 0  U I (15 2 0. 5-

VS I in in VI U
.1 in IV in —
IV U S- 0. 2
3 1 - U )  0 in
U. U) in

~1~9

k...- ___ -_ _.-_. - -—.-—~ -- ----—-~------ ---- _-5 - -—-—- — 5- ——— — - -—- - 5 - — -  .A__ ~~~~~~~~~~~~~ -  
-



REOUIREMENT PARAMETER

750 KW Cont. 1 13) Growth Potential .1
The power systems are ranked below according to their growth
potential, or ability to have their rated power output increased
by incremental amounts. This depends on the degree of modularity
of the system. A fully modular system has the most growth poten-
tial, a non-modular system has none.

System Critical Materials

GAS TURD GEM - SC(CF) Not nodular

GAS PURE GEM - RC(CF)

DIESEL GENERATOR (cF) No~ modular, except possibly

SPARK 1GM ENG GEN(CF) ~~~~~~~~~~~~~~~~~~~~~~~~~~~

FUEL CELL - PROS ACID(CF) Fully modular

STEAM TURB GEN - COAL(CF) Not modular

STEAM TURD GEN - OIL(CF )

STIRLING ENG GEN(CF) 
— 

~:~~~~~
U1ar..eXceP~~

P0ssiblY

MIlD GENERA TOR(CF )

MUD/STEAM GEN (CF)

‘flIERMIONIC GEN (CF) Partly modular

STEAM TURD G E N ( N F )

ORGANIC VAP TURD GEN (NF ) Not modular

GAS PU RE GEN (N F )  Not modular

RADIOISOTOPE GEN (NF)

STEAM TURD GEM (SOLAR)

ORGANIC VAP TURD (SOL1~R) Not modular

GAS TURD GEM (SOLAR) ~~~~~~~~~~~~~~~~~~~~~~~~~~~

— PHOTOVOLTAIC (SOLAR) Fully modu lar

WIND TURD GEN 10-1 Modular for most requirements
WIND TURD GEM 10-5 Modular for most requirements

WIND TURD GEN 20-1 Modular for most requirements

WIND TURD GEM 20—5 Modular for most requirements

FL~’WLIEE1.. STORAG E

BATTERY STORAGE
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REQU IREMENT PARAME~ ER
14) Reliability/Availability 1750 KW Cont.

The tabulated conditions exist in the
power system to the extent indicated.

.o~
.

-- b
IC~~ Os

~~~0q 4, 40 ~. 40*y 00 0 ‘•y 
~

Y
0

_ _ _ _ _ _ _ _ _ _ _  

/e’~ ~SYSTEM
GAS TURB GEN -SC(CF) I —~~~ ~~ - - - Condition does not
GAS TURB GEN -RC(CF) 

—__________________________ exis’ in S Stem
DIESEL GENERATOR( CF) 

~~~~ _~~ , -~~~ -2. _Q~ ‘1 -~~~ - 0 — Condjtjo~ exists,S PARK IGN ENG GEN (CF) 
• o 0 - o o 

~~ 
but its extent is________________________ — — — suffLc 3.ent m3.norFUEL CELL - PROS ACID(CF) 

-
~~~ 

-~~~ -~~~ -~~~ — -  -
~~~
- as to have minima lSTEAM TURB GEN -COAL(CF) • ~ a e i effect on system— — — performance orSTEAM TURB GEN -OIL(CF) 

— — — _- — — — — reliability
STIRLING ENG GEN (CF) o 0 ~ - o 0 _~~.. -
______________________  — — — — — e - Condjt~.-on~ exists,MUD GENERATOR(CF) — — — — — — — — —-- and its extent is
MUD /STEAM GEN(CF)  

- — :~~:~~THERMIONIC GEN( CF) ~~~
. ~~~~.. .1 ..Q,. -2. .-  -

~~
- on system perform-STEA M TURB GEN(NF) — —  ance or reliability

ORGANIC VAP TURB GEN (NF) 
.2... ~~~ - _  ‘Q.. ~~~~ ~~~- ‘~~

- I - Condition existsGAS TURD GEN (NF )  
• o a ~ - e j  ,~ .,, , _  and is a governing— — — — factor tn determtn-RADIOISOTOPE GEN(NF) — — — — — — — ing system per form-.STEA M TURB GEM (SOLAR) 

— — — — — — — — ance and reljabj].jt:
ORGANIC VAP TURB (SOLAR) o 0 0 - - 0 - -
GAS TURD GEN (SOLAR) o o o - 0 o - L -
PHOTOVOLTAIC (SOLAR) 2J ,,, o ,~~~~, 

-

WI ND TURD GEM 10-1 
~ 0 1 - ~~~~, _ - L- 

- WIND TtJRB GEM 10-5 o o I i  - o - - -
WIND TURD GEM 20-1 

- -~~~~ o o • - a - -
WIND TURB GEM 2 0 5  0 2-. L L , _  :~.FLYWHEEL STORAGE — — — —

BATTERY STORAGE — — — — —
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REQUIREMENT PARAMETER

750 XW Cont. 117) ~vai1abi1tty of Raw Build-________________________ ing Mater2.als

Construction materials which are critical to the power systems
and are of limited supply in the United States and Free World
countries are listed below.

System Critical Materials

GAS TURD GEN - SC (CF) None
GAS TURD GEN -RC(CF)

DIESEL GENERATOR (CF)
___________________________ None
SPARK 1GM ENG GEN(CF) -

_____________________________ None
FUEL CELL - PROS ACID(CF)

____________________________ Platinum
STEAM TURB GEN -COAL(CF)

_____________________________ None
STEAM TURD GEN -0IL(CF)

STIRLING ENG GEM ( CF )
_______________________________ None

MUD GENERATO R(CF)

MUD/STEAM GEN (C F)

THERMIONIC GEN(CF )
____________________________ None

STEA M TURB GEN (N F)

ORGANIC VAP TURD GEN (NF )
________________________________ None

GAS TURD GEM (NF )
____________________________ None
RADIOISOTOPE GEN(NF)

— STEA M TURB GEN (SOLAR)

ORGANIC yAP TURD (SOLAR)
_______________________________ None

GAS TURD GEM (SOLAR)
____________________________ No n.- 
PHOTOVöt.TAIC (SOLAR) 

*
___________________________ Possibly_lead for conventional batteries
- 
WIND TURD G~N 10—1 Possibly lead for conventional batteries
WIND TURB GEM 10-5 

Possibly lead for oerwentional batteries
WIND TURD GEM 2 0 1  Possibly lead for conventional batteries
WIND TURB GEM 2 0 5  Possibly Lead for conventional batteries
FLYWHEEL STORAGE 

- .

- 
BATTERY STORAGE 
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I
SECTION IX

250 KILOWATT, CONTINUOUS

REQUIREMENT

Power Level: 250 Ky

Operating Mode: Continuous

- Frequency/Phase: 60 Hz/30

Voltage Level: ~BO V
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REQU IREME NT PARAMETER

250 KW Cont. Environmental Constraintaj

The degree of difficulty in meeting more strict environmental regulations
is indicated for each of the pollution types, except for thermal discharge,
where amount is shown.

Notes: (a) system is air or water cooled ; heat rejected directly to atmosphere.
(b)  system is water cooled ; heat rejected to body of water or cooling

tower. Water source and/or make-up requ ired
-
‘ 
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icP ‘c, 4:~
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5
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— — — — — - — 0 — minor

_ _ _ _ _ _ _ _ _ _ _  
— — o o e O j .~~~~~— — -
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_____________________ - — 0 0 e - e  - - —

TtEL. CELL - PHOS ACID(CFT — — — — — S — major
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REQUIREMENT PARAMETER 
—

250 Kw Cont. 8) Location Restrain~j

The locational limitations of the power system, and the
degree of difficulty in overcoming these limitations are
ind icated in the following tabulation. 4G

- .  . 4
— no ltmttat~.on 6) 6~ .p c.

0 — minor limitation 
~~~ / 6) ~~~

‘

e - major limitation 00 40 ~~~~ C6’ 4
5 

QP~~~~~~~~~~~~

5

~

• - overriding limitation d’ ~~~ .~~~~ c°~~t~~4~ ~~~~~ 
4

•b ~ p5 4
e ~~~~

‘ ~~~~~~~~ ~~
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REQUIREME NT PARAMETER

[250 xw cont. I Operational Restraintsl

The tabul~ tcd operating characteristics
are applicable to the power system as .4) 

.~~~~~~ CP ~~~~ • 
1j) 4~

indicated ~~ .
~Y ~~~~~~~~ ~~

“

~~ ~ V b .~P— — Character is t ic  not observed ‘~~~~~
4

~~~ s? .~4s 
1•5~~

in system operation 
<~~0 - Characteristic has minor .~O .~~~~4 b° 0 (P

effect on system performance 
-, 

.
~~~ ~~~~

S - Characterist ic  has moderate ~ C#~
’ 
~

ef fec t on system per formance ~~~~~ 0 
~~~~

S - Character ..stic has major ~$‘ b 
C,5 4 ~~.) ~~~~

effect on system performance ~ v
5 ~~~~ ~~~~~~~p c p 5

b 
47 &~

‘

—- _--~~ - - -  —_  - —

SYSTEM

GAS TURB GEN - SC ( Cr )  
~~ o - — o 0 o

GAS TURD GEN - R C ( C F )  
—

DIESEL GENERATOR (Cr) 0 0 — - 0 0 0
SPAR K I GN ENG GE N ( C F ) 

~ o - — 0 0 o
FUEL CELL - PROS AC ID( CF )

STEAM TURD GEN -COAL(CF)

STEAM TURD G E N - O I L ( C F )  
— — — — —

STIR L ING ENG G E N ( C F )  
~ ~ = = ~ ~t-~UD GENERATOR (cF)

MIlD/STEAM GEN(CF)

THERMIONIC GEN(CF) 0 o — e o
STEAM TURB GEN (NF)

ORGANIC VAP TU RB GEN (NF )  0 0 - — ~ e e
GA S TURB G E N ( N F ) 0 6 — — e 0 0
RADIOISOTOPE GEN(NF)

STEAM TURB GEN (SOLAR)

OR GANIC VAP TURB (SOLAR) — 0 • — —GAS TURD GEN (SOLAR) - - - S - -
PF!OTOV(~LTAI C (SOLAR ) 

- - - - — -

WIND TURD GEI ’I 10-1 
- - - - — —

W :Nu T~ RB GEN 10— 5 — — —WIND TURD GEN 20-1

WIND TURB GEN 20-5

FLYW HEEL STORAGE

BATTERY STORAGE
-  - ___
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REQU IREMENT PARAMETER

[ 250 }~~ Cont 1 JIl) Type of System

The power system types, based on USAF definitions
are tabulated below. The following abbreviations are used :

M - mobile system
‘1’ — transportable system
F — fixed system

System 
- 

T~rpe

GAS TURB GEN - SC(CF)  M
GAS TURD GEN -RC(CF) -

DIESEL GENERATOR(CF) 
_____  M

SPARK ION ENG GEN (CF )
- 

FUEL CELL - PROS ACID(CF) 
F

STEAN TURD GEN -COAL(CF) 
-

STEAM TURD GEN - OIL (CF) 
-

STIRLING ENG GEN(CF)

MHD GENERATOR (C?) 
-

MHD/STEAM GEN (CF) 
-

THERMIONIC GEN(CF) M

STEAM TURD GEN(NF) 
-

ORGANIC VA? TURD GEN ( NF ) F
GAS TURD GEN (NF) 

— — 

F

RADIOISOTOPE GEN (N?) 
-

STEAM TURS GEN (SOLAR) 
-

- 

ORGANIC VA? TURB (SOLAR) 
— 

F

GAS TURD GEN (SOLAR ) F
PHOTOVOLTAIC (SOLAR) F
WIND TURB GEN 10-1 F
WIND TFJP.B GEM 10-5 

- F
WIND TURD GEM 20-1
WIND TURD GEN 20-5 F
FLYNi-IEEL STORAGE 

—

K BATTERY STORAGE

UIFkIE T 
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250 NW Cont. ] 13) Growth Potential I
The power systems are ranked below according to their growth
potential , or ability to have their rated power output increased
by incremental amounts. This depends on the degree of modularity
of the system. A fully modular system has the most growth poten-
tial, a non-modular system has none.

Systcm Critical Materials

GAS TURI3 GEM - SC(CF) Not modular

GAS TURD GEM - RC(CF)

DIESEL GEN ERATOR(CF) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

SPARK IGN .ENG GEN(CF) Not modular . exc:pt possibly

FUEL CELL — PHOS ACID(CF) Fully modular

STEAM TURD GEN - COAL (CF)

STE1~M TURD GEM - OIL( CF)

STIRLING ENG GEN (CF) Not modular, except possibly
_____________________________ largest recuireinents

MilD GENERATOR (CF)

MUD/STEAM GEN (CF )

THERMIONIC GEN(CF) Partly modular

STEAN TURD GEN (NF)

ORGANI C VA? TURD GEN (NF ) Not modular

GAS TUIU3 GEN (NF) Not modular

RADIOISOTOPE GEM (NP )

STEAM TU RD GEM (SOLAR)

ORGAMI C VA? TURD (SOLAR) Not modular

GAS TURD GEM (SOLAR ) Not modular,  except possibly
____________________________ largest requirements

PHOTOVOLTAIC (SOLAR) Fully modular

WIND TURD GEM 10-1 Modular for most requirements

WIN !) TURD GEN 10-5 Modular for most requirements

WIND TURD GEN 20-1 Modular for most requirements

WIND TU RD GEN 20-S Modular for most rcquircments

FLYWh EEL STOMGI 
- _____________________________________

— 
BATTERY STORAGE
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250 KW Cont. 1 1 14) Reliabili ty/Availabili tyl

The tabulated condit ions exist in the
power system to the extent indicated.

.o~
.

0o.
~~~~~~~ 4

0

0
0 40 

~~~~~~

P,// 40~~ ~~~~~~~~~~~~~~~
v/

d~ ~ ~~ 
~~ 4 ~

SYSTEM 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

GAS TURD GEN - SC(CF) 
-.2 ~~- 

_ Q. —~~~ _! ~~~~ -~~~ - - Condition does not
GA~ TURD GEN - RC(CF)   

— 
•exist in system

DIESEL GEN~~ATOR (CF) ! -.2. ...Q. .~~~ ..Q~ -.2 1 -~~~ -
~~~ 0 - Condition exists,

SPARK 1GM ENG GEN(CF) 
• o o — o o but its extent~ is________________________ — — — — — Su ff i c i en t  minorFUEL CELL - PHOS ACID(CF) 
..:. .- .  ..: . -~~~ ..Q-. -~~ ~~~~~ - -~~~ as to have minimal

STEAM TURD GEM COAL (CP) 
— — 

effect on system
performance orSTEAM TURB GEN -OIL(CF) 

— re l iabi l i ty
STIRLING ENG GEN(CF) 0 0 0 - ~~ .~~~. .j_______________________ — —  — Conditions exists ,MMD GENERATOR(CF) 

and its extent is
MHD/STEAM GEN (CF) Sufficient to have_________________________ — — a moderate effectTHERMIONIC GEN(CF) 

— .!. On System perform-
STEAM TURB GEN (NF) — — — — — — ance or reliability
OR~3ANI C VAP TURB GEN(NF ) .2.. 1 L ~Q. ~~~~.. Q.. -~~ 

~~~~- - Condition existsGAS TURB GEN(NF ) I 0 0 0 — e • - and is a governing— — 

factor in determjn-RADIOISOTOPE GEN(NF) — — — — —  —  ing system per form-
STEAM TURB GEM (SOLAR) — — — —    ance and reliabiljt’
OR GANIC VAP TURD (SOLAR) 

~ 0 ~~ - 0 L
GAS TURD GEM (SOLAR) a o o - a o - -
PHOTOVOLTAIC (SOLAR ) o - - a - - . -

WIND TURD GEM 10-1 o o • - o - - -
WIND TURB GEM 10-5 

~ 0 I - 0 -
WIND TURB GEM 20-]. o 0 S - 0 - - - I
WIND TURB GEM 205 0 Q. .L.. z... 2.... .z- -.
FLYWHEEL STORAGE — —  —

BATTERY STORAGE
_ _ _ _ _ _ _ _ _  - - _ -r I-- ---_ --
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Construction materials which are critical to the power systems
and are of l imited supply in the United States and Free World
countries are listed below.

System Critical Materials

GAS TURB GEN - SC (CF) None
GAS TURB GEN -RC (CF)

DIESEL GENERATOR (CF)
None

SPARK IGN ENG GEN ( CF )
____________________________ None
FUEL CELL - PHOS ACID(CF)

_____________________________ P l a t i n u m
STEAM TURD GEN -COAL(CF)

— STEAM TURD GEN-OIL(CF)

STIRLING ENG GEN ( CF)
_______________________________ None

MHD GENERATOR(CF)

MHD/STEA M GEN(CF)

THERMIONIC GEN(CF)
_______________________________ None

STEAM TURD GEN (N F )

ORGANIC VAP TURB G E N ( N F )
______________________________ None

GAS TURB GEN (N F)
___________________________ Mane
RADIOISOTOPE GEN (NFF

- STEAM TURB GEN (SOLAR)

ORGANIC VAP TURB (SOLARF~~_______________________________ None
GAS TURD GEM (SOLA I~ )

___________________________  Non e

PHOTOVOLTAIC (SOLARJ 
Possibly lead for conventional batteries

~~WIND TURD GEN 10 1. Possibly lead for conventic~nal batteries
WIND TURD GEM l0~ 5 Possibly Lead for conventional batteries
WIND TURB GEN 20l Possibly lead for conventional batteries
WIND TURB GEN 20-S 

Possibly lead for conventional batteries
FLyWHEEL STORAGE

- 
BATTERY STGR~~GE
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—

FIFTY KILOWATT, CONTINUOUS

I
I 

_ _ _ _
REQUIREMENT

— Power Level: 50 Ky —

O~perating Mode: Continuous

Frequency/Phase: 60 H z/3Ø

Voltage Level: ~8O V
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REQUIREMENT PARAMETER

SID KW Cont. 7) Environmental. Constrain~~1

The degree of difficulty in meeting more strict environmental regulations
is indicated for each of the pollution types, except for thermal discharge,
where amount is shown.
Notes: (a) system is air or water cooled; heat rejected directly to atmosphere.

(b) system is water cooled ; heat rejected to body of water or cooling
tower. Water source and/or make-up required
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REQU IREMENT PARAMETER
50 ~~ Cont. 8) Location Restrai~~ J

The locational lim itations of the power system, and the
degree of d ifficulty in overcoming these limitdtions are ~ .~~~~~‘

ind icated in the following tabulation. 40 ~~
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REQUIREME NT PARAMETER
50 KW Cont. 1 Operational Restrajnts~

The tzibulated operating characteristics
are applicable to the power system as 
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REQUIRE MENT 
— 

PARAMETER

1 50 ~~q J i l)  Type of System

The power system types, based on USAF definitions
are tabulated below. The following abbreviations are used:

M - mobile system
T - transportable system
F’ — fixed system

System Type

GAS TURB GEN - SC (CF) 
- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

GAS TURB GEN -RC(CF) 
-

DIES EL GEN~~ATOR (CF)

SPARK IGN ENG GEN(CF) M
FUEL CELL - PHOS ACID(C F)

STEAM TLJRB GEN -COAL(CF) -

STEAM TURB GEN - OIL (CF) -

STIRLING ENG GEN(CF)

I’U~D GENERATOR(CF) 
-

MHD/STEAM GEN(CF ) 
— 

-

THERMIONIC GEN ( CF)

STEAM TURB GEN(N F) 
-

ORGANIC VAP TURB GEN(NF) F
GAS TURB GEN(NF)

RADIOISOTOPE GEN(NF) 
—

STEAM TURB GEM (SOLAR ) 
-

- 

ORGANIC VAP TURB (SOLAR) F
GAS TURB GEM (SOLAR) F
PHOTOVOLTAIC (SOLAR ) F
WIND TURE GEM 10-1 F
WIND TURB GEM 10-5 F
WIND TURB GEM 20-].

WIND T(JRB GEM 20-5

FLYWHEEL STORAGE 
-

BATTERY STORAGE
- —
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REQUIRE :’ENT PARAMETER

50 KW Cont. 13) Growth Potential 
1

The power systems are ranl ed below according to their growth
potential, or ability to have their rated power output increased
by incremental amounts. This depends on the degree of modularity
of the system. A fully modular system has the most growth poten-
tial. a non—modular system has none.

System Critical Materials

GAS TURD GEM - Sc(cF) Not modular

GAS TURD GEN - RC(CF)

- 
DIESEL GENERATOR(CF) ~~~~q j 8

P0SS~ blY

SPARK 1GM ENG GEN (CF) Not modular, except possibly
____________________________ largest regu~ rements

FUEL CELL — PHOS ACID(C F) Fully modular

STEAM TURD GEM - COAL(CF)

STEAM TURD GEM - OIL(CF)

STIRLING ENG GEN (CF ) Not modular, except possibly
____________________________ largest reauirements

MIlD GENERATOR (CF)

MIlD/STEAM GEN(CF)

THERMIONIC GEN(CF) Partly modular

STEAM TURD GEN (NF)

ORGANIC VAP TURB GEN (NF) Not modular

GAS TURD GEN(NF) Not modular

RADIOISOTOPE GEN (NF)

STEAM TU RD GEM (SOLAR )

ORGANIC VAP TURD (SOLAR) Not modular

GAS TURD GEM (SOLAR) Not modular, except possibly
____________________________ largest requirements

PHOTOVOLTAIC (SOLAR) Fully modular

WIND TURD GEM 10—1 Modular for most requirements

WIND TURD GEN 10—5 Modular for most requirements

WIND TURD GEM 20-1 Modular for most requirements

WINI) TURII GEM 20—5 Modular for most requirements

FLYWHEEL STORAGE

BATTERY STORAGE 

--— — -~~~~  _ _ _ _ _ _ _ _ _ _ _ _ _ _
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REQUIREMENT PAR~IMETER
14) Reliability/Availability50 KW Cont.

The tabulated conditions exist in the
power system to the extent indl.cated.

/
40 ~~~~~~~• 0  * 0

~~~

4 • ~a ‘~~ C, 
~~, .4

_ _ _ _ _ _ _ _ _ _  / ‘~~~>z~’SYSTEM
GAS TURB GEM - Sc (C?) ..Q. ~~ _~~~ ~.:. -! ..2 -~~~ -~~~ -~~ - - Condition does not
GA~ TURS G E N - R C ( C F )  — — — — — — — — exist in system
DIESEL GENERATOR (C?) 

-~~~~ 
_Q I ~. .  ~Q. -~~~ ~~- -~~~ -

~~
- - 0 — Condition exists,SPARK 1GM ENG GEN (CF) 

• o a - o o j _  but its extent is— — Suffic~.ent minorFUEL CELL-PHOS ACID(CF) - — — 0 ..~~ as to have minimal
STEAM TURB GEN -COAL(CF) 

— — — -— effect on system— — — performance orSTEAM TURD GEN - OIL(CF) — — — — — — — — — rel iabil i ty
STIRLING ENG GEN (CF) o o a - 0 

~~~~. j .. -~~~~— — 0 — Conditions exists ,MHD GENERATOR(CF ) 
— — — — — — — —- and its extent is

MHD/STEAM GEN(CF) 
— — — — — suff ic ient  to have— — — 

a moderate effectTHERMIONIC GEN(CF) 
~~ On system perform-

STEAM TUR B GEN(N F)  
— — — — — — — — — ance or reliability

ORGANIC VAP TURB GEN ( NF) 
~~~~~ ~~~~ ~~~ - ~~- .-  ~~ — -~~~- - -  - I - Condition exists

GAS TURD GEN ( NF ) I 0 0 0 e .L and is a governing—________________________ — — factor in determl n—RADIOISOTOPE GEN (NF) — — — — — — — — — ing system per form-STEAM TURB GEM (SOLAR ) 
— — — — — — — 

ance and reliabilit
ORGANIC VAP TUR B ( SOLAR) o 

.~~~~. ~~ .. ~~~ .. .~~~~. L

GAS TURB GEM (SOLAR) o ~ 2.. 2... ._ L
PHOTOVOLTAIC (SOLAR ) o - .L.
WIND TURB GEM 10-]. o .2_ .!.~ .~~~~. L
WIND TURD GEM 10-5 o o . - o - - -
WIND TURD GEM 20-1. o o • - ~~~~ . ~~~~~
WIND TURB GEM 20-5 o L I.. ~~~~. Q. ~~

_. 
~~~— I-.

FLYWHEEL STORAGE 
— — — —BATTER Y STORAGE
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REQUIREMENT PARAMETER

50 KW COnt . 17) ~vai1abi1jty- of Raw Build-
________________________ 

ing Materials

Construction materials which are critical to the power eystems
and are of l imited supply in the United States and Free World
countries are listed below.

System Critical Materials

GAS TURD GEN -SC(CF)_______________________________ None
GAS TURB GEN - R C ( C F )

DIESEL GENERATOR (CF)_____________________________ None
SPARK 1GM ENG GEN(CF)

____________________________ None
FUEL CELL - PHOS A C I D ( C F )

______________________________ Platinum
STEAM TURB GEN -COAL(CF)

STEAM TURB GEN - O I L( C F)

STIRLING ENG GEN ( CF)  
--

None
MHD GENERATOR(CF)

MID/STEAM GEN (CF)

THERMIONIC GEN (CF)
___________________________ None

STEA M TURB G E N ( N F )

ORGANIC VAP TURD GEN(NF) 
-

_____________________________ None
GAS TURB G EN ( N F )

_____________________________ Mnne
RADIOISOTOPE G EM ( NF )

STEA M TURB GEM (SOLAR)
- ORGANIC VAP TURB (SOLART
_______________________________ None

GAS TURD GEM (SOLAR)
_____________________________ None
PHOTOVOLTAIC (SOLAR ) 

Possibly lead for conventional batteries
- 

WIND TURB GEN 1 01  Possibly lead for conventional batteries
WIND TURB GEM 10-5

___________________________ Possibly lead for conventional batteries
WIND TURD GEM 2 0 1  Possibly lead for convez~tional batteries
WIND TURB GEN 20-5

____________________________ Possibly lead for conventional batteries
FLYWHEEL STORAGE

BATTER Y STORAGE
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SECTION XI

FIFTY KILOWATT , 8 HOUR

M~ UIREMENT

Power Level: 50 ICy

Operating Mode : 8 hours per day

Frequency/Phase: 60 Hz/3Ø

Voltage Level : 48o V - 

F. 

—
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REQUIREME NT PARAMETER
50 KW 8 Hr. [7) Environmental Constrainta t

The degree of difficulty in meeting more strict environmental regulations
is indicated for each of the pollution types, except for thermal discharge,
where amount is shown.
Notes: (a) system is air or water coOled; heat rejected directly to ati~~sphere.

(b) system is water cooled; heat rejected to body of water or cooling
tower. Water source and/or make-up required

-
‘

S..

S

L 4 0 0 .
0.

o
- 

SYSTEM 4ç, 4~’ e $ 
4)

45 
~p

45
~~ ~o ~~

GAS TURB GE~~ -S C( C F)  I

— ~~~~~~~~~~~~ 
Q. ~~~ . L .1. 1.. 1.

~~~ s TuR n GEN - R C ( C F )  — — none

UI~ SEL GENEI~ATOR(CF) ~~ J. —  0 — minor
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~~ Q.. L L L L~~~~~~~~~~~~~

_
~~~~~~.. dSPARK IGN SNG GE~N ( C 1J  0 — ma erat~

_ _ _ _ _ _ _ _ _ _ _ _ _  — — 0 0 0 — 0 — — — —
rUSL CEL.L - PMOS A C ID ( C F)  I — major

STEAM TTJR~ GEN - COAL (CF) 
- 

-

S~EAM TURB G E N - OI L ( C F )  — —
STIRLING ENG G E N ( C F)  — —

NHD GENERATOR (CF )  ~~
— ~~~~ 

Q_ L.

~~~~ /STEAM GEM(CF)

TH~RMIONIC GEN (CY)   
— -

~~~~ — —
SThAJM TURS (ik.N I~N 1J

ORGANIC VP.P WRB (,~~N(NYJ —  — —

GAS TURB GEN (~W)
__________________________ — — — — — S — — 0 Q..RADIOI5OTO~~ ~~~~~ 

— — — — — — —
S~~~AM TURB GEN (SOLARI — — — — 
~ RGkNIC VAP TURB ~SOLAK) — — — — — —
G?~~TURB GEN (SpLAR J

• — 

- HOTOVOLTAIC (SOLAR , L ~~~~.

~W IND ~~ JRB GEM tXLL ) — — — —
FLYWHEEL STORAGE

BATTERY STORAGE 
— — — — — —
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REQU IREME NT PARAMETER
50 xw 8 Hr. 8) Location Restr a in~~

The locational l imi ta t ions  of the power system, and the
degree of difficulty in overcoming these limitations are 

~ 
ç.~indicated in the fol lowing tabula t ion .  •

4
5

- — no l~.mtt at ion 
~ a. ~~ 

-
~~~ 

°
O — minor l im i t a ti on  4~ e~ ~ a. 4e’ 

0~
Id 4

~ y C.. Oi~~~0 — major lim] .tation o0 40 .~~~‘ 
~~ 40

• - overr id ing  l imi ta t ion  
4 ~~

‘ ‘cp /  I;P 
—cç~ ~4) 

~a- ,~~~ ~~~ ~~~ o~ ‘s

.~b b- I~~
4 ‘~~

C, C’- “ ~~~~~ ~~ -~~ c7
4 4 ~~~~~~~~~~ ~~

, ~~~~~~~~~

- 
SYSTEM 

— 

.
~~~ .~~~ 4~ 

G~’° ~~
> 
4~

GAS TURB GEN - SC(CF)  - - 0 I — - — -
GAS TURB GEN - R C ( C F )  — — — — — —
DIESEL GENERATOR (Cr) — - - — - — —

SPARK 1GM ENG GEN(CF)  
.
~~~~ 

.~~..
FUEL CELL - PHOS A CID ( CF)  

— — — • - — — —

STEAM TURD GEN - COAL( CF)

STEAM TtJRB GEN-OIL(CF)

STIRLING ENG GE N ( C F )  - — o • — — — -

MHD GEM ERAT OR (CF)  
-

MHD /STEAM GEM ( Cr )  L L =_
THERM IONI C GEN( CF )  

— 0 L Q.. L ~~~.

STEA M TURB GEN (NF )

ORGANIC VAP TURB GE M (N F)  ~~~~ 
- -

GAS TURB GEM (NF) 
*.. L Q... - - L.

RADIOISOTOPE GE N ( N F )  
—

STEAM TURB GEM (SOLAR)

OR GANIC VAP TURB (SOLAR) e  o - 
~~~.

GPiS TURB GEM (SOLAR ) -  0   - -

PHOTOVOLTAIC (SOLAR )  
-  — - -

WIND TURB GEM 10—1 
— — j~. — — • — —WIND TURD GEM 10-5 
— ] _  -  — —WIND TURD GEM 20—1 — —WIND TURD GEM 20-5 - -

FLYWHEEL STORAGE

BATTERY STORAGE 
0~~~~~~~~~~~~~~~~~~ • 
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REQU IREME NT PARAMETER

50 KW 8 Hr. 1 9) Operational. Restrain~~]

The t~bul~ tcd operating characteristics ~~~
‘

are applicable to the power system as 
~~~ ~~ ~, ~~ 

4’
indicated 4’~’ ~~~ ‘~~~~ €? .d’ ~~? ~~~

‘

— Characteristic not observed
in system operation -

0 - Charac teris tic  has minor ..9 .~~-‘ ..,fr ~~
. ~~

‘ Ic,
0 

~~~~e f fec t  on system performance I ~~ ~~~~~~~~~ ~~
0 - Charac te r i s t ic  has moderate ~~~~~ 

~~~.&e f f e c t  on system performance ~ 4 ~~ 
0 0

• - Character istic has major 4
e f fec t  on system per formance ~~~ ~~~~~~~ t P o~~~ø 40 ~,

_ _- — v~~~~~, 0 0

~ Y~ TEM ~ d~ d~ o c e
~ ~~ s

GAS TURD GEN — SC(CF) e 0 — — 0 0 0
GAS TURB GEN - RC(CF)

DIESEL GENERATOR (Cr) 0 0 - — 0 0 0
SPA RK 1GM END GE N ( C F )  e o - - 0 0 0
FUEL CELL - PHOS ACID(CF)

STEAM TURD GEN -COAL(CF)

STEAM TURD GEN-OIL(CF)

STI RLING ENG GEN( CF) 0 o — = 0 0 0
MIlD GENERA TOR(CF )

MHD/STEAM GEN( CF)

T}TERMIQNIC GEN(CF) o o — — e o o
STEA M TURD GE N ( N F )

ORGAN I C VAP TURB GEN(N F)  0 0 — — 0 0 6
GAS TURB GEN ( N F ) 0 0 — — 0 0 0
RADIOISOTOPE GEN(NF)  

-

STEAM TURD GEM (SOLAR )

OR GANIC VAP TURB (SOLAR) 
- o • - o e -

GAS T U R D  GEM (SOLAR) - - • - o — -
P!TOTOVOLTAIC (SOLAR) 

- - • - - - -

WIND TURB GEM 10—1 — — — — —
WIN!) TURB GEN 10—S L
WIND TURD GEM 20—1 

i.
WIND TURB GEM 20—5 — — — — — —

FLYWHEEL STORAGE

DATTE~~’ STORAGE
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REQUIREMENT PARAMETER

1 50 KW 8 ~~ J i l )  Type of System

The power system types, based on USAF definitions
are tabulated below. The following abbreviations are used:

M — mobile system
T — transportable system
F — fixed system

System Type

GAS TURD GEN - SC(CF)
- 

GAS TUR D GEN -RC(CF) 
-

DIESEL GENERATOR(CF )

SPARK 1GM ENG GEN(CF)

FUEL CELL - PHOS ACID (CF) T

STEAM TURD GEN - COAL(CF) -

STEAM TURB GEN -OIL(CF) -

STIRLING ENG GEN(CF) M
MHD GENERATOR(CF) -

MHD/STEAM GEN ( CF)  
-

THERMIONIC GEN(CF)  M
STEAM TURB GEN(NF) 

-

OR GANIC VAP TURB GEN(NF)  
F

GAS TURD GEN(NF )

RADIOISOTOPE GEN(NF ) 
-

STEAM TURB GEM (SOLAR) -

OR GANIC VAP TURB (SOLAR) F
GAS TURD GEN (SOLAR ) F
PHOTOVOLTAIC (SOLAR ) 

F
WIND TURD GEM 10 1  F
WIND TURB GEM 10.-S F 

—

WIND TURD GEM 20-1 
— F

WIND TURB GEM 20-5

FLYWHEEL STORAGE

[
BATTERY STORAGE
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REQUIREMENT PARAMETER

50 KW 8 Hr. 
[ 

13) Growth Potential 
1

The power systems are ranked below according to their growth
potential, or ability to have their rated power output increased
by incremental amounts. This depends on the degree of modularity
of the system. A fully modular system has the most growth poten-
tial, a non-modular system has none.

System Critical Materials

GAS TURB GEM - Sc(cF) Not modular

GAS TURB GEN - R C ( C F )

DIESEL GENERATO R (CF) Not modular , except possibly
____________________________ largest requirenhents

SPARX 1GM ENG GEN(CF) Not modular , except possibly
_____________________________ largest requirements

FUEL CELL — PHOS A CID(CF) Fu l ly  modular

STEA ?.1 TURB GEM - COAL(CF )

STEAM TU RD GEM - OIL(CF)

STIRLING ENG GEN( CF) Nc-’t modular, except possibly
_____________________________ largest requirements

MIlD GENERATOR (CF)

MilD/STEAM GEN(CF )

TH ERi~lIONIC G E N ( C F )  Part ly modular

STEAM TURD GEN (MF )

ORGANIC VA? TURD GEN (NF) Not modular

GAS TURD GEN(NF) Not modular

RADIOtSOTOPE GEM (NE )

STEAM TURD GEM (SOLAR )

ORGANIC VA? TURD (SOLAR) Not modular

GAS TURD GEM (SOLAR) Not modular , except possibly
larqest requirements

PIIOTOVOLTAT2 (SOLAR) Fully modular

WIND TURD CEN 10—1 Modular for most requirements

WIND TURD GEM 10-5 Modular for most requirements

WIND TURD GEM 20—1 Ziodular for most requirements

WIND TURD GEM 20—5 Modular for most requirements

FLYWHEEL STORAGE Modular for most requirements

— BATTF.RY STORAGE Pully modular
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REQUIREMENT PARAMETER 

11 14) Reliability/Availability5O K W d f f r,

The tabulated conditions exist in the
power system to the extent indicated.

~~~ . ‘~~e’ e’ •.-v *
1b~~~ 

~,0 4 ~ ~ iC, 4
‘P e’ c7 v 4
.e~ 4 b .4 .. ~~ .~~~~

-~~ e. ‘ci ~~ -v ~y •y
o ‘C-. (~ 4 ~

~~~4c- <~? ~5? 44 ~~ ~.‘ ~~~~~
SYSTEM 

_ _

GAS TURB GEM - SC (CF) 
_~~. ~~~ .. ...!. -.2. 1 —~~~ -~~~- - - Condition does not

GA~ TURB GEN — RC(CF) ‘exist in system

DIESEL GEMERAT OR (CF) 
_! _~~. ...Q ~ _~~~ ..Q ~ 

_2. 1 -~~~ -
~~
- o — Condition exists,

SPARI< 1GM ENG GEN(CF) 
• ~ - o o • but its extent  is_________________________ — — — Sufficient minorFUEL CELL - PHOS ACID (CF) 

.
~~~~

. ... . — ..Q.. -~~ - -~~- -~~-- -
~~~~ as to have minimal

STEAM TURD GEN -COAL(CF) 
— — — — effect on system

— — 

performance orSTEAM TURB GEN -OIL(CF) __ 
— — — — — — — —  reliability

STIRLING ENG GEN (CF) 0 o o - ~g.. ~o. ~~~ .— —  e — Conditions exists ,MHD GENER ATOR(CF) 
and its extent isMHD/STEAM GEN(C F )  

— — — sufficient to have— — — - 

a modera te effectTHERMIONIC GEN(CF) .1 ± .2- 
~~ On System per form-

STEAM TURB GEN(NF) 
— — — — 

ance or reliability
ORGANIC VA? TURB GEN(NF) 
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REQUIREMENT PARAMETER

50 KW 8 Hr. 
- 

3.7) ~ vai1abi1jty of Raw Build-
_______________________  

ing Materials

Construction materials which are critical to the power sy8tenls
and are of limited supply in the United States and Free World
countries are listed below.

System Critical Materials

GAS TURB CEN - SC(CF)_____________________________ None
GAS TURB GEN -RC(CF)

DIESEL GENERATOR (Cr)
_______________________________ None

SPARK 1GM ENG GEN(CF)
_______________________________ None
FUEL CELL - PHOS ACID(CF)

___________________________ Pla t inum
STEAM TURD GEN -COAL(CF)

STEAM TURD GEN-OIL(CF)

STIRLING ENG GEN ( CF)
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  None

MHD GENERATOR ( CF)

MHD/STEAM GEN(CF)

THERMIONIC GEN (CF)
______________________________ None

STEAM TURD GEN( M F )

ORGANIC VA? TURD GEN (NF)
______________________________ None

GAS TURB GEN (N F)
______________________________ Mono

RADIOISOTOPE GEN (N F )

STEAM TURB GEN (SOLAR) - -

- ORGANIC VA? TURD ( SOLAR Y
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Ma ns

GAS TURD GEM (SOLAR)
_______________________________ None

PHOTOVOLTAIC (SOLAR )
____________________________ Possibly_lead_for_conventional_batteries

WIND TURB GEN 10-1 .

____________________________ Possibly lead for conventional batteries
WIND TURB GEM 10-5 Possibly lead for conventional batteries

- 

WIND TURB GEM 20-1 . 

- -__________________________

_____________________________ Possibly_lead for conventional batteries
WIND TURB GEM 20-5 

Possibly lead for conventional batteries
FLYWHEEL STORAGE

- - None
BATTERY STORAGE

____________________________ Possi1~).y lead fo .r conventional .batteries

21~
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SECTION XII

FI~’rY KILOWATT , 1 HOUR

REQUIREMENT

Power Level: 50 Ky

Operating Mode: 1 hour per da~’

Frequency/Phase: 60 Hz/3Ø

Voltage Level : ~BO V

L
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REQUIREMENT PARAMETER

[~
o RW 1 Hr. 1 7) Environmental Constraintsj

The degree of difficulty in meeting more strict environmental regulations
is indicated for each of-the pollution types, except for thermal discharge,
where amount is shown.

Notes: (a) system is air or water cooled ; heat rejected directly to atmosphere.
(b) system is water cooled; heat rejected to body of water or cooling

tower. Water source and/or make—up required
.‘ -.5

0
0 0

F? I’ ~0 40
~~y~~~~

y

••y ‘Y C. ‘DF,
+ .1. •S- ‘4

SYSTEM 4(’ 4~ c9 4’ ~~~ c~
0’ 

4~ ~~ C,0 ~

GAS TURB GE~~-SC (CF)

~~~S TUR B GEN - RC (CF) I — none
DIESEL GENERATOR (CF) 

___ _1__  — — — — — 0 — minor
_ _ _ _ _ _ _ _ _ _ _ _ _  — — 0 0  e e e L —  — —
sP~RIc IGN EN I.i ~~ N~ CF) — — — — — — — e — moderat (
_ _ _ _ _ _ _ _ _ _ _ _  — — o o e  — e — — — —1L.T~.L L~~~.L- k’HOS ACIL)(Cr) — — — — — — — — — — I - major
STEAM TURB GEN - COAL(CF) 

—

ST~EAM ‘IURB GEN — OI L ( C F )  — — — — — —

STIRLING ENG GEN ( CF )  — — — —
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - 0 0 6 

~
_
~~_ L -

MED (ENERATOR(CF) — — — —
~UW/STEA M GEN (CF) — — — -— . — — — — —
TEERMIONIC GEN ( CF ) — — — — — — — —

L L~~~~~~~~STEAM TURB G~.NçNi)

ORGANIC VPSP ‘ilJKS GEN ( NYJ —

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  — I — — — — ~~
— — —GAS TURS GEN (Nl-) — —  —

_ _ _ _ _ _ _ _ _ _ _ _ _  — I — — — — e  — — o eRADIOISOTOPE G~ N (N~~) 
— —

S~~ AM TURB GEN (SpLAR)

ORGANIC VAP TURB (SOLAR) — — — —
_ _ _ _ _ _ _ _ _ _ _ _ _  — . — — - - e  — — 0 —
GAS TURB GEN (SOLAR) — — — — 
~~HOTOVOLTAIC~~(SyLAR ~ 

—

WIND TURB GE~~~~ALL)

FLYWHEEL STORAGE

BATTERY STORAGE
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REQUIREME NT PARAMETER

50 KW 1 Hr. 8) Location Restrain~

The locational lim itations of the power system, and the
degree of difficulty in overcoming these limitations are ~
indicated in the following tabulation. 40 4

O~
- no lun ,.tat3.on ~~ . 0 

~O — minor l im itat ion - 7 e~’ ~‘ .~~~ 
~ 4~ .b~

’ 6’
- major limitation 

~~~~~ 4
0
C. 

0
Os 

.4
0

• — overr iding lim ita t ion C. 4 ~~~~ 4 4. q0 
4~

~. ~~~~ 
~~ o~

’ ‘4
b- ,b ~,O. ,~0 ~~ 4~

‘4 ~~ ~~4 4 ~ ~~~~~~~~ 4 ”

SYSTEM C,0 .FP 4:’ (~‘

GAS TURB GEN - SC(CF) - - o • - — — -

GAS TURB GEN --RC (CF) 
- -

DIESEL GENERATOR (Cr) - -  - — —
SPARK IGN ENG GEN(CF) - - - • - —

FUEL CELL - PHOS ACID(CF) 
— - — — — - —

STEAM TURB GEN - COA L( CF)

STEAM TURB GEN-OIL(CF)

STIRLIN G ENG G EN ( C F )  - - o I -  — -
MI-ID GENERATOR (Cr )

Mi-ID/ STEAM G E N ( C F )

THERMIONIC GEN (CF) o .~~_. ~~~~~ j...
STEA M TURB GEN (N F )

ORGAN IC VAP TURB G E N ( N F )  ~~~
_ 

~~~~~ ~ = =GAS TURS G E N ( N F )  
e - ~~_ ~~~~ ,  ._ -

RADIOISOTOPE GE N ( N F )

STEAM TORE CEN (SOLAR)

ORGANIC VAP TURB (SOLAR)  e — o — •  -
GAS TURS GEM (SOLAR) - - 0  I  - -
PHOTOVOLTAIC (SOLAR) - - — •  - -
WIN D TURB GEN 10-1 — -
WIND ‘I’URB GEM 10—5 

• — —

WIND TURB GEN 20-1. 
-   - —

WIND TURE GEM 20-5 — —
FLYWHEEL. STORAGE

BATTER Y STORAGE 
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REQUIREMENT PARAMETER

50 KW 1 Hr. [
~ 

Operational Restraint sl

The tabul~ tcd operating characteri~ tjcsare applicable to the power system as ~ ~~~~~~ d~ ~indicated -~~‘ 
~~
‘ ic ~9

- - Characteristic not observed ~~~~~~~~~~~~~~~~~~~~~
in system operation ‘

~~ 
‘
~~~~~S? o . ~~ 4~ ~~0 - Charac ter istic has minor .4) ~~~~~~ 

C. ‘~~
‘ sci0 

~~~e f fec t on system per formance
8 - Characteristic has moderate 

~ 
<,

effect on system per formance c7 0 0

• - Characteristic has major 4~c,
e.

.c$:, b- b-e f f e c t  on system per formance 
~~ y

0 

~vO /b -
O
~~o

’b
$. 4

0 C.
0

SYcTEI-1 ~~ g0~ çe~ o~ c
0

GAS TURB GEN - SC~~cF) ~ ~
GAS TURB GEN - RC(CF)

DIESEL GENEPATOR(CF) o o — - 0 0 o
SPARK ION ENG GEN(CF)  e o - - o o o
FUEL CELL - PHOS ACID(CF)

STEAM TURD GEN - C OAL ( C F )

STEAM TURD G E N - O I L ( C F )

STIRLING ENG GEN(CF) o 0 - — 0 o 0
MIlD GENER A TOR(CF)

MHD/STE1~.M GEN (CF) -

TH ERMIONIC G E N ( C F )  o 0 
- 

— — e 0 0
STEA M TURB GEN (NF)

ORGANIC VAP TURB G E N ( N F )  o 0 — — ô 6
GAS TURB G E N ( N F )  o e — — e o e
RADIOISOTOPE GEN(NF)

STEAM TURD GEM (SOLAR)

ORGANIC VAP TURT3 (SOLAR) 
- 0 S - 6 e -

GAS TU Rn GEM (SOLAR)

PHOTOVOLTAIC (SOLAR ) - - • - - - -
WIND TURD GEM 10— 1 

— — — -

WIND TURB GEN 10-5 - - L
W IND TURD CEN 20— 1 - — — I — — —
WIND TURB GEN 20—5 — — — • — — —

FLYWHEEL STORAGE 
— 

=BATTER Y STORAGE
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REQUIREMENT PARAMETER

[ 
50 ky 1 HR J i l )  Type of system

The power system types, based on USAF definitions
are tabulated below. The following abbreviations are used:

M - mobile system
T — transportable system
F — fixed system

System Type

GAS TURB GEN -SC(CF) 
— 

M

GAS TORE GEN - RC (CF) -

DIESEL GENERATOR(CF )

SPARK IGN ENG GEN (CF) M

FUEL CELL - PROS ACID(CF) T

STEAM TURB GEM -COAL(CF) -

STEAM TtJRB GEN-OIL(CF) -

STIRLING ENG GEN(CF) 
— 

M
MHD GENERATOR(CF) - 

-

MED/STEAM GEN(CF)  -

THERMIONIC GEN(C F) M

STEAM TURB GEN(NF) -

ORGANIC VAP TUR B GEN(NF) F

GAS TUP.B GEN(NF) F
RADIOISOTOPE GEN (NF) 

-

STEAM TURD GEM (SOLAR) -

ORGANIC VAP TURD (SOLAR ) F
GAS TURB GEN (SOLAR) F
PHOTOVOLTAIC ( SOLAR ) 

— 
F

WIND TURD GEM 10-1 F
WIND TURD GEM 10-5 F

WIND TURD GEM 20-1 F
WIND TURB GEM 20-5 F

- 

FLYWHEEL STORAGE F
BATX’ERY STORAGE M
_ _ _ _ _
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REQUIREMENT PARAMETER

50 KW 1 Hr. 13) Growth Potential 1
The power systems are ranked below according to their growth
potential, or ability to have their rated power outpu t increased
by incremental amounts. This depends on the degree of modulari ty
of the system. A fully modular system has the most growth poten-
tial, a non-modular system has none.

System Critical Materials

GAS TURD GEN - SC(cF) Not modular

GAS TURD GEN - RC( CF)
Not modular , except possiblyDIESEL GENERATOR (CF)

___________________________ 
largest requirements
Not modular, except possiblySPARK IGN .ENG GEN (CF) largest requirements

)UEL CELL - PROS ACID (CF) Fully modular

STEAM TURB GEM - COAL(CF )

STEAM TURD GEN - OIL(CF )
Not modular, except possiblySTIRLING ENG GEN(CF) largest requirements

MUD GENERATOR (CF)

MID/STEAM GEN (CF)

THERMIONIC GEN (CF) Partly modular

STEAM TURB GEN (NF )

ORGANIC VAP TURD GEN ( NF ) Not modular

GAS TURD GEN (NF ) Not modular

RADIOISOTO?E GEM (NP)

STEAM TU RD GEM (SOLAR)

ORGANIC VAP TURD (SOLAR) Not modular
Not modular , except possiblyGAS TURD GEM (SOLAR )____________________________ _i~rgest requirements

PHOTOVOLTAIC (SOLAR) Fully modular

WIND TURD GEN 10— 1 Modular for most requirements

WIND TURD GEN 10—5 Modular for most requirements

WIND TURD GEM 20— 1 Modular for most requirements

WIND TURD GEM 20—5 Modular for most requirements

FLYWHEEL STORAGE Modular for most requirements

flATTE RY STORAGE Fully modular
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REQU IREMENT PARAMETER
50 KW 1 Hr. 14) Reliability/Availabilityl

The tabulated conditions exist in the
power system to the extent indicated.

IC~~~~~~~~ ~~~
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GAS TURD GEN -SC(CF) .1 -.~~~ .~~~.. I -~~~ -~~ —~~~ - - Condition does not
GA~ TURB GEN - R C ( C~~) exist in system
DIESEL GENERAT OR(CF) 

I ..2. -~~~ ..z. ..Q~ ..P.. -~~~ -
~~
- 0 — Condition exists ,SPARK 1GM ENG GEN(CF)  

• o o - o o • but its extent is—_________________________ — — — suffic ient minorFUEL CELL - PROS ACID(CF) .. ~:. _ .  -~~~~ -2-. — -  -~~~~ _ - .  —c- as to have minima lSTEAM TLJRB GEM COAL (CF) effect on system— — — 
performance orSTEA M TURB GEN-OIL(cF) 
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STIRLING ENG GEN(CF) o o o - o 

~~~~~ I -~~~~— — — e — Conditions exists ,MUD GENERATOR(CF) 
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~~~~~ .2- .2~ ~2. ~~~- ~~~- ~~~- ~~~- ~~~
- I - Condition existsGAS TURB GEN(NF )  
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REQUIREMENT PARAMETER

50 KW 1 Hr. 17) ~vai1ahiltty of Raw ~ui1d—
_______________________  

m g  Mat erm am s

Construction materials which are critical to the power systems
and are of limited supply in the United States and Free World
countries are listed below.

System Critical Materials

GAS TURB GEN -SC(CF) None
GAS TURB GEN -RC(CF)

DIESEL GENERA TOR(CF) 
None

SPARK 1GM ENG GEN (CF)___________________________ I None
FUEL CELL - PROS ACID (CF) J

____________________________ Platinum
STEAM TURD GEN -COAL (CF)

STEAM TURB GEN-OIL (CF)

STIRLING ENG GEN(CF)
______________________________ - None

MUD GENERATOR (CF)

MUD/STEA M GEN(CF)

THERMIONIC GEN(CF )
____________________________ None

STEAM TURB GE N (N F )

ORGANIC VAP TURB GEN(NF)
________________________________ None

GAS TURD GEN (N F) —

________________________________ None
RADIOISOTOPE GEN (N ~~)

STEAM TURB GEN (SOLAR)
- OR GANIC VAP TURD (SOLAR) 

- 

None
GAS TURB GEM (SOLAR ) 

None
PHOTOVOLTA IC (SOLARIJ Possibly lead for conventional batteries
WIND TURD GEM 10—1 Possibly lead for conventi6nal batteries

WIND TURD GEM 10-5 
possibly lead for conventional batteries

WIND TURD GEM 201 Possibly lead for conventional batteries
WIND TURB GEM 20-5 

Possibly lead for conventional batteries
FLYWHEEL STORAGE 

None
BATT ER Y STORAGE 

- 
possibly lead for conventional batteries
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SECTION XIII

TEN KILOWATT , CONTINUOUS DC

REQUIREMENT

Power Level: 10 Ky

Operating Mode: Continuous

Frequency/Phase : DC

Voltage Level : 28 V

219
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REQUIREMENT PARAMETER

h o  xw Cont . DC_2~iV 1 I~
) Environmental Constraiz~~~

The degree of difficulty in meeting more strict environmental, regulations
is indicated for each of the pollution types, except for thermal discharge,
where amount is shown.

Notes : (a) system is air or water cooled; heat rejected directly to atmosphere.
(b) system is water cooled; heat rejected to body of water or cooling

tower. Water source and/or make-up required
-‘I ~\ e.

0 0

I
••y y

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  .4 0
* -.:~‘?~~

S
~

SYSTEM ~f ~~~~ ~~
, .~~~~~~~ ~O~~ O

1 
~~~‘ ~~ ~~

GAS TtJRB GE& - SC (CF) ~ 
—  — — — — —

~~~S TURB GEN -RC (CF) — — none

DI~ S~ IJ GENSRA TOR ( CF) — — — — — 0 — minor
L L L~~~~~~~Sk’AKK IG~ SLU.i .,SN(CF) e — a%oderat

_ _ _ _ _ _ _ _ _ _ _ _  
— — o o e  —~~~~~~~ - — —

1U~~L. CSJ..L. FHOS ACID(CFT — — — — — I — major
STEAM TURN GEN - COAL (CFF 

-

STEAM TURS GEN - OIL.(CF) —  
~~~~ 

— — —
STIRLING ~NG GEN(CF) - — — —

MHD GENERATOR (CF)  ~~ ~~

~~~/STEAM GEN~CF) 
— — - - -_ — — --— — . _ — —

THERMIONIC GEN(CF)

STEAM LIJRB G~~N(N1)

ANIC VR~~~’IURS *3 E N ( N F  —

~~~i5 TURS ~~E N ( N r ) — —

RADIUISQTIJFS USN (1? J — — — — — — — — —
~~b4PI TURW GEN (SOLAKJ — — — — — — — — — — —
OR~~iNI C VAP TUKB (bUL.AKf — — — — — — — — —

— I — — - — e — — o -
~~~S TURB QEN (SOLARJ

)!VTOYULTAIC (S0LAK ) ~~~~~

-

WIND ThRB GEN~~ ALL~ — —
FLYWHEEL STORAGE

V TTERY STORAGE
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REQU IREME NT PARAMETER
10 KW Cont . DC_28V] 8) Location Res t ra intj

The locational limitations of the power system , and the
degree of difficulty in overcoming these limitations are ~, .~~~~~~

indicated in the follow ing tabulation . .c,
~ ç~~4

- - no l imitation 
~ 

4:2 ~~~ .o ~~~
‘

0 - minor limitation 4’ ~? ° .t’- 4 ~ ‘ 4
~y C. O~ ô~a — major l~.mi tation 00 40 4’ ~ .h ~~~ ~~~~~~~~~~

I — over rid ing  l im i t a t i on  
~ d” ~~~~~ / 4)

~ç
0 Cc

0 .~~ ~° 
~~ o~ c

, t- 
~~~~ <~~ .~~~

Q,ó b  ~~~~~~~~~~~~~~~~~~~.“ ‘ ~~~ .~~~ 
~~4 4  4 ,~~~~~~ *d *,

- 
~~~
‘ 

~~~~

SYSTEM 
— 

.~-! .~~~~ 4~ ~0 ~

GAS TURB GEM - SC (CF) - - 0 S - - - -
GAS_TURB GEN - RC(CF)

DIESEL GENEPATOR(CF) - - - - - - -
SPARK 1GM ENG G E N ( C F )  

-

FUEL CELL - PHOS A C I D ( C F )  - - - I - - - -
STEAM TUR B GEN - COAL(CF)

STEAM TURB G E N - O I L ( C F )  
-

STIRLING ENG G E N ( C F )  -  0 S - - - -
MIlD GENER A TOR ( CF )

MIlD/STEAM G E N ( C F )

THERMION I C GEN (C F) o ~~~~ ~~
_. j. ~~.. ~~~~ .

STEAM TURB G E N ( N F )

ORGANIC VAP TTJRB GEN (NF)  
—

GAS TURB GEN (NF )

RADIOISOTOPE GEN (NF )  ;ii
— STEAM TURB GEM (SOLAR)

OR GANIC VAP TURS (SOLAR) 
~ = =GAS TURS GEM (SOLAR)   o - e — - -

PHOTOVOLTAIC (SOLAR ) - - - - - - -

WIND TURB GEM 10-1 I - -

WIND TURB GEM 10—5 - -
WIND TURS GEM 20-1 - -
WIND TURB GEM 20-5 - - - - 

- 

— - -• 
FLYWHEEL STORAGE

BATTE RY STORAGE 
—. - - - aro

- ~~~~ ‘ ~~~~~~~~~ ~~~~~~~
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REQUIREME NT PARAMETER

10 KW Cont . Dc—28v I ~ Operational Restraintsl
_ _ _ _ _ _ _  1~

The tabu1~tcd operating characteristics
a r e applicable to the power system as ~ P 

~~~ 4~indicated .~‘ .cj~
’ , $ - d ; ’  

~ ‘ 
~~— — Characteristic not observed ~~~~~~~~~~ 3’ 06

~,e~

in system operation 
~~~ 

~~~~~ 
~~~ ~~~~~ ~~ 4~ ~ ‘

O - Characteristic has minor ,~~~ ~~~, 
~~~~ ~ ~ ~o 

~~effect  on system per formance .
~~
‘ 

~~~~~~~ ~
— Characteristic has moderate ~‘ 

~~~~ ~~~

effect on system per formance ~~~~~~ C.~~~,° 
0
0 0

~4)~~,~~f’
S — Characteristic has major ~~ ~~ 4

e f fec t  on system performance ~~~~~ ~~~~~~~~~~~~~~~~~~ ~0 C,
_____ - - Cc’~ ~c

’
~
’ 

~~ 
.

SYSTEM

GAS TURB GEN - S C ( C F )  a o - — o o o
GAS TURS GEN - R C ( C F )
DIESEL GENE RATOR (CF) o o   o o o
S PARK 1GM ENG GEN ( CF) a o   o 0 0
FUEL CELL - PHOS ACID (CF) 

STEAM TURB GEN - COP.L(CF)

STEAM TURB GEN - O I L ( C F )

STIR LI NG ENG GE N ( CF) o o — - o o o
MHD GE NERA TOR(C F )

MIlD/STEAM GEN(CF) 
—

THERMIONIC GEN(CF) o o — — a 0 0
STEA M TURS G E N ( N F )

ORGANIC VAP TURB G EN (N F )

GAS TURB G E N ( N F )

Rf%DIOISOTOPE GEN( NF)  o o - - a o a
STEAM TURS GEM (SOLAR)

OR GANIC VA? TURB (SOLAR) - o • - a - e -

GAS TURB GEM (-SOLAR) - - - a - —

PHOTOVOLTAIC (SOLAR ) - - - - - -
WIND TURB GEM 10— 1 

— - - —

WIND TURB GEM 10-5 - - - - - - -
WIND TURB GEN 20-1 

- — — - — —

WIND TURB GEM 20-5 - — — - - -

FLYWHEEL STORAGE

SATTERY STORAGE
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REQUIREMENT PARAMETER

I 10 KW Cont . DC—28v 1 J i l )  Type of System

The power system types, based on USA? definitions
are tabulated below. The following abbreviations are used:

• M — mobile system
T — transportable system
F — fixed system

System Type

GAS TURB GEN - SC(CF)  M
- 

GAS TURB GEN - RC(CF) 
-

DIESEL GENERATOR(CF)

SPARK 1GM ENG GEN(CF)

FUEL CELL - PROS ACID (CF ) M
STEAM TURB GEN - COAL(CF)

STEAM TURB G E N - O I L ( C F )  -

STIRLING ENG GEN (CF)

MHD GENERATOR(CF) 
-

MHD/STEAM GEN (CF) 
-

THERMIONIC GEN(CF) M

STEAM TURB GEN(NF ) -
_________

ORGANIC VA? TURB GEN ( NF)

GAS TURB GEN(NF ) 
-

RADIOISOTOPE GEN(NF ) T
STEAM TURB GEN (SOLAR ) -

- 

ORGANI C VA? TLJRB ( SOLAR ) F

GAS TURB GEN ( SOLAR ) F

PHOTOVOLTAIC (SOLAR ) 
— F

WIND TURS GEM 10-1 F
WIND TURB GEM 10-5 F
WIND TURB GEM 20-1 F
WIND TUR B GEM 20-5

FLYWHEEL STORAGE 
-

BATTERY STORAGE 
-

-- 2~ ---- - 
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REQUIREMENT PA RAMETER

10 KW Cont. Dc~28v i3) Growth Potential

The power systems are ranked below according to their growth• potential, or ability to have their rated power output increased
by incremental amounts. This depends on the degree of modularity
of the system. A fully modular system has the most growth poten-
tial, a non-modular system has none.

System Critical Materials

GAS TORE GEM - sC(cF) Not modular

GAS TURB GEM - RC(CF)

DIESEL GENERATOR(CF) ~~~~~~~~~~~~~~~~~~~~~~~~~~~

SPARK 1GM ENG GEN(CF) Not modular, except possibly
____________________________ largest requirements

FUEL CELL - PHOS ACID(CF) Fully modular

STEAM TURB GEN - COAL (CF)

STEAM TURD GEM — OIL(CF)

STIRLING ENG GEN(CF) Not modular , except possibly
_____________________________ largest requirements

MI lD GENERATOR (cF)

?.UID/STF.AM GEN (CF)

TEIERMIONIC GEN(CF)  Partly modular

STEAM TURB GEN( N F )

ORGANIC VA? TUEB GEN (N F )

GAS TURB GEN (K?)

RADIOISOTOPE GEN( N F) Not modular

STEAM TUP13 GEM (SOLAR)

ORGANIC VA? TURD (SOLAR) Not modular

GAS TURD GEM (SOLAR) Not modular, except possibly
____________________________ largest requirements

PIIOTOVOLTAIC (SOLAR) Fully modular

WxNr~ TURD GEM 10—1 Modular for most requirements

WIND TU RD GEM 10— 5 Modular for most requirements

WIND TURD GEN 20-1 Modular for most requirements

WIND TURD GEM 20—S Modular for most requirements

FLYWHEEL STORAGE

BATTERY STORAGE
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REQU IREME NT PARAMETER

10 KW Cont. DC— 28V 14) Reliability/Availability I
The tabulated conditions exist in the
power system to the extent indicated.

b
0~
”

~, 0q 0 4e~
4~~~~~~V

o~ 4’
~ 0 ~7 4c~~~ ~~~~~~~~~~~~rP ‘ v

’
~ 0 

•‘y 0
~~~ ‘ -L b .4 ~~ ‘ .-“0 ~~‘ ‘D 

~~~ o” ‘

~

‘ 40o ~‘ 0 ~ oO ~~ ~ 4
~~~4c. ~~~~ c~

’ e~’SYSTEM

GAS TURD GEN - SC(CF)  
I —~~~ —~~ -~~~ -~~ 1 —~~- -~~~ - - Condition does not

GM TURB GEN -RC(CF) 
— — — — — — — — exist in system

• DIESEL GENERATOR (CF) 
~~~ . - ..2 . -~~~ -~~~ -~~~ _ !  -~~ - -~~~ 0 - Condition exists ,

SPARK ION ENG GEN(CF) 
• o o o o • but its extent is______________________ — — 

s u f ficj e - t su norFUEL CELL - PHOS ACID(CF) 
-~~~ -~~ ..Z. -

~~ as to have minima l
STEAM TURB GEN -COAL(CF) 

— — — — 
effect on system

— — — —  
performance orSTEAM TURD GEM-OIL(CF) — — — — reliability

STIRLING ENG GEM (CF) 
~ o o - o ..~~~~ _~~~— — — — — e — Conditions exists ,MHD GENERATOR(CF ) 
— — — — — — — — — and its extent is

MHD/STEAM GEN(CF) — — sufficient to have— — a moderate e f fec tTHERMIONIC GEN(CF) .2. 1 .. .. - -  -~~ - .2. -2- -~~~ on system perform-
STEAM TIJRB GEN(NF)  

- —  — —  —- - 
ance or reliability

ORGANIC VAP TURB GEN(NF) 
— -- — I - Condition existsGAS TURD GEN (NF)  

— — and is a governing— — — — factor in determj n—RADIOISOTOPE GEN(NF) 0 0 
~~~~~ .Q_ .~~ .. .2.. !.. .

~~
... ing system per form-

STEAM TURD GEM (SOLAR)  
-— — 

ance and reliabilit’
ORGANIC VAP TURB ( SOLAR) o 0 o - - 0 -

GAS TURD GEM (SOLAR ) 
~ o o - 0 o -

PHOTOVOLTAIC (SOLAR) o - - o - - ~~~~.

• WIND TURD GEM 10-1 o o • - o - - -
WIND TURB GEM l 0 5  o o • - o - - -
WIND TURB GEM 20-3. 0 0 S - 0 -

WIND TURD GEM 20-5 
o ~~~~~ - - L.

FLYWHEEL STORAGE 
— — —

BATTERY STORAGE 
— — — 25~
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REQUIREMENT PARAMETER

10 Cont. DC—28V 
117) ~vai1abi1tt of Raw Build— 

]_________________________ .ng ~ateria~ s

Construction materials which are Critical to the power systems
and are of limited supply in the United States and Free World
countries are listed below.

System Cr i t i ca l  Mater ials
GAS TURB GEN -SC(CF) None
GAS TURB GEN — RC (CF)

DIESEL GENERATOR (CF)
None

SPARK IGN ENG GEN(CF)
________________________________ None
FUEL CELL - PHOS ACID(CF) 

-Platinum
STEAM TURB GEM -COAL(CF)

STEAM TURD GEN -OIL(CF)

• STIRLING ENG GEN(CF) 
- -

• _______________________________ None
MRD GENERAT OR (CF)

MHD /ST EAM GEN (CF)
THERMIONIC GEN(CF)

_____________________________ None- 

STEAM TURB G E N ( N F )

ORGANIC VAP TURB GEN(NF)

GAS TURB GLN (N F )

RADIOISOTOPE GEN (NF)
_____________________________ None
STEAM TURB GEM (SOLAR)

- 
ORGANIC VAP TURB ( SOLAR) - ___________________

None
GAS TURD GEM 1SOLAR)

____________________________ None
PHOTOVOLTAIC (SOLAR) Possibly lead for conventional batteries

• - 
WIND TURB GEM 10-1

____________________________ Possibly_ lead for_convent~~~a1_batteries
• WIND TURB GEM l05 Possibly lead for conventional batteries

WIND TURB GEM 20— 3. 
Possib1~’ lead for conventional batteries

WIND TURD GEN 20-5 - 

Possibly lead for corwentional batteries
- FLYWHEEL STORAGE

BATTER Y STORAGE

• 
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SECTION XIV —

TEN KILOWATT , CONTINUOUS 30

REQUIREMENT

Power Level : 10 Kw

Operating Mode: Continuous

Frequency/Phase: 60 Hz/3O

Voltage Level: 21~0 V

I
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REQUIREMENT PARAMZTER

L 
~o iw Cont. 3P_240V1 I 7) Environmental Constraintoj

The degree of difficulty in neeting more strict environmental. regulations
is indicated for each of the pollution types, except for thermal discharge,
where amount is shown.
Notes: (a) system is air or water cooled; heat rejected directly to atzi~ sphere.(b) system is water cooled ; heat rejected to body of water or cooling

tower. Water source and/or make-up required
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REQU IR~ MEMT P~’.RAMETER

L ~~ KW Cont. 3P—240V
1 I 8) Location Restra~~~~

The locational lim itations of the power system , and the
degree of difficulty in overcoming these limitations are
indicated in the following tabulation . .~~~~ ~~
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REQUIREME NT PARAMETER

I 10 KW Cont. 3P~24OV j [9 Operational Restraints 
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REQUIREMENT PARAMETER

I ~o kw Cont. 3P—~~~~ Ill) Type of System

The power System types, based on USAF definitions
are tabulated below. The following abbreviations are used:

M - mobile system
T — transportable system

• F — f ixed  system

System Type

GAS TURB GEN - S C ( C F )  M

GAS TUR B G E N - R C ( C F )  -

DIESEL GENW~TOR(CF)  M

SPARK IGN ENG GEN(CF) M

FUEL CELL - PHOS ACID(CF) N

STEAM TURE GEN - COA L(CF) -

STEAM TURB GEN - O I L ( C F )  -

STIRLING ENG GEN(CF )  N

MHD GENERA TOR( CF)  -

MHD /STEAM GEN ( CF ) -

THERMIONIC GEN(CF)  M
STEAM TURB GEN (NF ) -

ORGANIC VAP TORE GEN ( NF) -

GAS TURE GEN(NF ) 
-

RADIOISOTOPE GEN(NF ) T
STEAM TURB GEN (SOLAR) 

— 

-
- 

ORGANIC VAP TURB (SOlAR) F
GAS TURB GEN (SOLAR) F
PHOTOVOLTAIC (SOLAR) F
WIND TORE GEM 10-1 F
WIND TtJRB GEN 10-5 F
WIND TURE GEN 20- 1 F
WIND TURB GEM 20-5 F
FLYWHEEL STORAGE

BATT ER Y STORAGE -
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REQUIREMENT PARAMETER

Iio.xw Cont. 3P—240v 

~ I 13) Growth Potential I
The power systems are ranked below according to their growth
potential. or ability to have their rated power output increased
by incremental amounts. This depends on the degree of modularity

L of the system. A fully modular system has the most growth poten—
tial, a non-modular system has none.

System Critical Materials

GAS TURB GEM — SC(CF) Not modular

GAS TURD GEN — R C ( C F )

DIESEL GENERATOR (cF) Not xnodular . except possibly
____________________________ largest reguirenents
SPARK 1GM ENC GEN (CF) Not modular, except possibly

la~g~st reguxrelTents 
—

PUEL CELL — PHOS ACID( CF) Fully modular

STEAM TURB GEM — COAL (CF)

STEAM TURD GEM - OIL(CF)

STIRLING ENG GEN(CF) Not modular , except possibly
____________________________ largest reQuirements
MIlD GENERA TOR(CF )

MUD/STEAM GEN (CF)

THERMIONIC GEM (Cr) Partly modular

STEAM TURB GEM (NP)

ORGANIC . ~1AP TU RE GEN (NF )

GAS TU RD GEN (N F )

RADIOISOTOPE GEN (NF ) Not modular

STEAM TURD GEM (SOLAR)

ORGANIC VAP TURD (SOLAR) Not modular

GAS TURD GEM (SOLAR) Not modular , except possibly
____________________________ lar~gest regu~ remonts

PHOTOVOLTMC (SOLAR) Ful ly  modular

WIND TURD GEM 10—1 Modular for most requirements

WIND TURD GEM 10—5 Modular for most requirements

WIND TURD GEM 20—1 Modular for most requirements

WIND TURD GEM 20— 5 Modular for most requirements

FLYWHEEL STORAGE

BATTERY STORAG E

_________ —- 
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REQU IREMENT PARAMETERI— I 14) Reliability/Availability 1[io iw Cont. 3P—240v

The tabulated conditions exist in the
p~~~er system to the extent indicated .

‘(7
~~~~~~~~~~~ ~%7~~~~~~~~ 

40 .ç~~~4~I ~~ ~~
,

~ e’ ~o ~y 
~~~~ ~~~~~4/ ~~~ 

, ~~ ~~~~ b.0 
~~~~

~p 
~~~4/~~~

’
4;~ c;

~’/i1.~I, I t(, ~ -~ ~~ 0b ~I.0 ‘~‘ • 4. o~ ~~ 4~- 4
~~~~~ ~? ‘~~ 

.c~
’ ~~ ‘1SYSTEM

GAS TURB GEN - SC(Cp ) ._Q_ I _2 _~~~ .1 _~~~ I .-~~~. _~~-. _ - Condition does not
~

_
s TURB GEN - RC(CF) exist in system

DIESEL GENEMA TOR(CF) 
• ~ ~ ~ ~ • 

~ — Condition exists,SPARK IGN ENG GEN(CF) 
• o o — ~~~~. .. ~~. j .  — ~~~~ . but its extent is— — — — 

suffLc~ ent m~norFUEL CELL - PHOS ACID (C?) ~ 
as to have minimalSTEAM TORB GEM - COAL(CF) effect  on system— — __  

performance orSTEAM TURB GEM -OIL(CF) 
reliabilitySTIRLING ENG GEN(CF) 0 0 0 - 0 ~~ ~~~~~ ~ ~ 

-e - COflditLofls exlsts,MUD GENERATOR(CF) 
and its extent isMHD/STEAM GEN (CF) stifficient to h ave— — — a moderate effectTHERMIONIC GEN(CF)  ~ • ~ ~ ~ on system per form-STEAM TURB GEN (NF) ance or reliability

ORGANIC VAP TURB GEN(NF) 
Cohditjon existsGitiS TURB GEN(NF) and is a governing— — — — — 
factor in determin—RADIOISOTOPE GEN(N F) ~ ~ ~ ~ ~ ~~ 
ing system perform-STEAM TURB GEM (SOLAR ) 
ance and reljabj1jt~ORGANIC VAP TORE (SOLAR ) ~ ~ ~ ~~ 

• —

GAS TURB GEM (SOLAR) ~ ~ ~ ~ ~ •
PHOTOVOLTAIC (SOLAR) ~ ~ •
WIND TURB GEM 10-1 ~ ~ • ~
WIND TURB GEM 10-5 ~ ~ • ~
WIND TORE GEM 20-1 ~ ~ • ~ •
WIND TURB GEM 20-5 ~ ~ • ~~
FLYWHEEL STORAGE
BATTERY STORAGE — —
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REQUIREMENT PARAMETER

I io KW Cont. 3P—’240V 
~ 

f17 
~~~X A ~~~~~~~~~~~~~~~~~~5

0f Raw Build—

Construction materials which are critical to the power systems
and are of lim ited supply in the United States and Free World
countries are listed below .

System 
- 

Critica l Materials

GAS TURB GEN -SC(CF)
— None
GAS TURB GEN -RC(CF)

DIESEL GE~ EP..ATOR(CF)___________________________ None
SPARK IGN ENG GEN ( CF)

__________________________ None 
•

FUEL CELL - PHOS ACID(CF)
____________________________ Platinum
STEAM TURB GEN -COAL(CF)

STEAM TURD GEN-OIL(CF)

STIRLING ENG GEN(CF)  ~________________________________ None
MHD GENERATOR (C?)

MHD/STEAM GEN (CF)
THERMIONIC GEN(CF)

____________________________ None
STEAM TURB GEN(NF)

ORGA NIC VAP TLJR B GEN (NF)

GAS TURB GE N (N?) - -__________________

RADIOISOTOPE GEN(NF)

~ None
STEAM TUR B G~ N (SOLAR)

- 

ORGANIC VAP TURS (SOLAR) 
None

GAS TURB GEM 1SOLAR )
- t;one
PHOTOVOLTAIC ~SOLAW) . .

____________________________ Possibly lead for conventional batteries
. 

WIND TURB GEM 10-1 possibly lead for conventional batteries
WIND TURS GEM 10-5 .

____________________________ Possibly lead fo~ conventional batteriesWIND TURB GEM 20— 1 
~c,ssibly lead for conventional batteries

WIND TURB GEM 20-5 -

. 
possibly lead for conventional batteries

FLYWHEEL STORAGE
- 

BATTERY STORAGE
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- SECTION XV -

TEN KILOWATT , CONTINUOUS 10

REQUIREMENT

Power Level: 10 Ky

Operating Mode: Continuous

Frequency/Phase: 60 Hz/lØ

Voltage Level: 21~O V

- 28 1
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.1 lb hi lb s-i
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REQUIREME~~ PARAMETER

10 KW Cont. 1P—240V J 7) Environmental. Constra inta l

The degree of difficulty in meeting more strict environmental. regulatione
is indicated for each of the pollution types, except for thermal diacharge,
where amount is shown.

Notes: (a) system is air or water cooled; heat rejected directly to atmosphere.
(b) system is water cooled ; heat rejected to body of water or cooling

tower. Water source and/or make-up required

0
0 o~/ 4(1
4
O~~4

F, ~(~0

__i, •_i. 
~~~~

_S_
G. •

+ ~ Y 4 “ .~~~ ~~~SYSTEM .~~~~ 4~ c.9 ~~ ~P c~9 ~
O 

~~ c~ c.. ~~
-

GAS TtJRB GEN - SC ( C F )
_ _ _ _ _ _ _ _ _ _ _  - _ = _ .z_
~~~S TtJRB GEN - RC(CF ) — - none
DIESEL. GENERATOR(CF) — — — — — — 0 — minor
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  — — 0 0  e e — — —5~’Pi~(K ION ENCi O J ~~ç~~) — — — — — — e — moderat
_ _ _ _ _ _ _ _ _ _ _ _  — — o o e  - e  - — — —i~UEL. CELL - Fl-lOS ACID(CP’T — — — — — I — major
_ _ _ _ _ _ _ _ _ _ _ _ _ _  

—

STEA M TURS GEN - COAL ( CF J  — — — — — — — — —
STEA M TURB G E N - O I L ( C F )  — — — —

STIRLING ENG G E N ( C F )  — — — — — —
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  — — 0 0  ~~~~~~~~~~~~~~~~MHD GENE RATOR(CF) — — -

T4HD/STEAM GEN(CF) — —  — — — —
THERMIONIC GEN(CF)   — —
STEAM TURB GE N ( N F )

ORGANIC VA? TUKS (~~ N ( N Y J  — 

GAS TURB G E N ( N F J   — —
• RADIOISOTOPE (,EN(Nr) f -

&RAM TURB GE~T (SOLAR) - — — — — — —

• ORGANIC VAP TURB (suJ..~R; — — — — — 
_ _ _ _ _ _ _ _ _ _ _ _ _  - I — — - — e - — o —GAS TURB GEN (SOLAR) — — — — 

~~ HOTOVOLTAIC (SoLAR I — — — — —
WIN~~~I’URB ~ Et4 ~TALL) — — — — 
FLYWHEEL STORAGE

BATTERY STOP”GE

- 
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REQUIREME NT PARAMETER

10 ~~ C0~1t. ~~ _24~] 8) Location R e st r a i n~j

The locational l imi ta t ions  of the power system, and the
degree of d i f f i c u l t y  in overcoming these l im i t a t i ons  are ~
indicated in the follow ing t abu la t i on.  .1~~ 4ó~4 .~b ç.- — no l imi ta t ion  ~
O - minor l im i t a t i on  -5’ ~~~‘ ° ,ts- 4(’ 4

- major  l i m i t a t i o n  
~~~~~ 40 E’~~o, 

40 ~
• — over r id ing  l i m i t a t i o n  

4 (~ 
~~~• (~4 -q0 ~

~~ o~ 
4

0ô 
0
ôs 4 

~ ~~ ~
, ~~4 4 ó) 0 r ‘(1 ~~

_ _ _ _ _ _ _ _ _ _  
~~~~~~~~• _ _ _ _ _ _ _ _ _ _ _ _ _ _  0 0 0‘(1 

~~‘ ~~‘ 0
SYSTEM

GAS TORE GEN - SC(CF)   - 0 •   — -
GAS TURB GEN - RC (CF)

• DIESEL GENERATOR (Cr ) 
— — — • —   —

SPARK IGN ENG GEN(CF) — —  • —
FUEL CELL - PHOS ACID (CF) 

—   -

STEAM TORE GEN - COAL(CF) 
—

STEAM TORE GEN-OIL(CF)

STIRLING ENG GEN( CF )  o •   — -

MHD GENERATOR(CF)

MI-ID/STEAM G E N ( C F )

THER MIONIC GEN ( CF )  o Q~. ~STEA M TURB G E N (N F )

ORGANIC VAP TORE G E N ( N F )  
— — —

GA S TURB G E N ( N F )

L 

RADIOISOTOPE G E N ( N F )   
-

STEAM TURB GEN (S OLAR)

ORGANIC VAP TURB (SOLAR) e - 0  S — - -
GAS TURB GEN (SOLAR ) - - 0 - - - -
PHOTOVOLTAIC (SOLAR ) - - - - - - -

S WIND TURS GEN 10-1 _ _
WIND TURB GEN 10-5 • - -

• WIND TURB GEN 20-1  — - - • - -

WIND TURB GEN 20-5 - - — • - -

FLYWHEEL STORAGE — — — — —

BATTERY STORAGE — — — — — — 
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REQUIREMENT PA RAMETER 

•

10 i~ Cont. l~~~24ov I 
Operational Restraints

The tabul~tcd operating characteristics &~
‘ 

~~~~
‘

are applicable to the power system as 
~~ .3’ ~indicated 4(’ ‘c,~

’ e~
’.o~

’ 
~~

- Characteristic not observed
in system operation 

~~ .5’ C~
’ .4~ 4~ k~

0 - Charac te r i s t i c  has minor ~D ~~~~~ ~
ç ~~~~~~ ~~~~ ~~e f f ec t  on system performance .

~~~

e — Character is t ic  has moderate j - 
~~~~~~~~~~~~~~ ~~

‘ cp
e f f e c t  on system performance 0 0

— Charac te r i s t i c  has major çP ~~ 0/ ~~~0 4 ~~~ 4~S

e f fec t  on system per formance ~ ye~ 
~~~~~~~~~~~~~ 40 ~,

— q0 4~ e~ “7. ~
SYSTEM çO 

ç
Qd 
o
4 
c° ~~

GAS TORE GEN - SC(CF) e 0 - — 0 0 0
GAS TORE GEN - RC(CF)

DIESEL GENE PATOR(CF) 0 o - - o o o

SPARK IGN ENG G E N ( C F )  e o - — o o 0

FUEL CELL - PHOS ACID(CF)

STEAM TU R I3 GEN - COAL (CF)

STEAM TURB GEN-OIL (CF)

STIRLING ENG GEN ( CF)  0 0 - - 0 0 o

MHD GENE RATOR(CF)

MI-ID/STEAM GEN (CF)

THERMIONIC GEN (CF) o o — — e o o
STEA M TURB G E N ( N F )

ORGANIC VAP TURB G E W ( N F )

GAS TURB GEN(NF)

RADIOISOTOPE GF-N(NF) 0 0 — — ~ o 0
STEAM TORE GEN (SOLAR)

OR G AN I C  VA P TURD ( SOLA R ) 
- 0 I - -

GAS TORE GEN (SOLAR ) - - • - - -
PHOTOVOLTAIC (SOLAR) 

• 

- — - - - -

WIND TURB GEN 10-1 - - - - - -
WIND TURB GEN 10-5 — - - — - -
WIND TURB GEN 20-1 - - - - - -
WIND TORB GEN 20-5 - — - - - -

FLYWHEEL STORAGE

BATTER Y STORAGE
- - 5- 5- - U — — — -- —

____________

5—  5 — •__
~_ L5 - •- 
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REQUIREMENT 
— 

PARAMETER

10 ~~ Cont 1P—24 0y 1 
Jh1) Type of System

• The power system type s, based on USAF def in i t ions
are tabulated below. The following abbreviations are used:

M - mob ile system
P — transportable system
F — fixed system

System 
- 

Type

GAS TURB GEN - S C ( C F )

GAS TURB GEN - RC(CF)  
— 

-

DIESEL GENERATOR(CF)
SPARK IGN ENG GEN (CF)

FUEL CELL -PHOS ACID (CF) N

STEAM TURD GEN - COAL(CF) -

STEAM PURE GEN - OIL (CF) -
STIRLING ENG GEN(CF) M 

______

MMD GENERA TOR(CF) 
-

MED/STEAM GEN(CF) 
-

THERMIONIC GEN(CF)
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ——

STEAM TURD GEN(NF ) 
-

ORGANIC VAP TURB GEN(NF) 
-

GAS TURB GEN (NF ) 
-

RADIOISOTOPE GEN(NF )

STEAM TURD GEN (SOLAR) -
- 

ORGANIC VAP TURB ( SOLAR ) F
GAS TURB GEN (SOLAR ) 

F
PHOTOVOLTAIC (SOLAR ) 

— F
WIND TURB GEN 10-1 

F
WIND TURB GEN 10-5 

F
WIND TURB GEN 20-1 F
WIND TURB GEN 20-5

— F
FLYWHEEL STORAGE 

-
- 

BATTERY STORAGE 
-

— 5—
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3.3) Growth Potential I
The power systems are ranked below according to their growth
potential , or ability to have their rated power output increased
by incremental amounts. This depends on the degree of modularity
of the system. A fully modular system has the most growth poten—
tial, a non-modular system has none .

System Critical Materials

GAS TURD GEN - SC (CF) Not modular

GAS TURD GEN - RC (CF )

DIESEL GENERATOR (CF) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

SPARK IGIL ENG GEN(CF ) Not modular , except possibly
_____________________________ largest requirements
FUEL CELL - PHOS ACID(CF) Fully modular

STEAM TURB GEN — COAL(CF)

STEAM TURD GEN - OIL(CF)

STIRLING ENG GEN (CF) Not modular, except possibly
_____________________________ largest requirements

MED GENE RATOR(CF)

MUD/STEAM GEN (CF )

THERMIONIC GEN (CF) 
-__

Partly modular

STEAM TURB GEN (NP)

ORGANIC VA? TURD GEN (NF)

GAS TURD GEN (NF )

RADIOISOTOPE GEN (NF ) Not modular

STEAM TURD GEN (SOLAR)

ORGANIC VA? TU~B (SOLAR) Not modular

GAS TURD GEN (SOLAR) Not modular ,  except possibly
____________________________ largest requirements

PHOTOVOLTAIC (SOLAR) Fully modular

WIND TURD GEN 10—1 Modular for most requirements

WIND TURD GEN 10— S Modular for most requirements

WIND TURD GEN 20— 1 Modular for most requirements

WIND TURD GEN 20— 5 Modular for most requirements

FLYWUEEL STORAGE

BATTERY STORAGE 
—

2.9’?
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REQUIREMENT PARAMETER
10 K~ Cont. 1P_240V 1 ~ 

Reliabilit~ /Availabi li ty~~j

The tabulated conditions exist in the
power system to the extent indicated.

4
?

b
,c
~~ -

~?
4 d

~~~~4~ 
40 -C 4

0
~~ ø~

_ _ _ _ _ _ _ _ _ _ _  

~~ ~~~h~~~:’~~~~ : ~z’0 ~‘ 
~ 
4 0~~~~~4P 4 4

_ _ _ _ _ _ _ _ _ _ _ _  4 4 4 ’  ‘~~~b
SYSTEM 

_ _ _

GAS TURB GEN - SC(CF)  
-~~ —! _~~ 

Q~ .i —~~- -~~~ - — Condition does not
GAS TURD GEM R C ( C F )  . exist in system
DIESEL GENERATOR (CF) 

—~~~ I —~~- 0 — Condition exists,SPARK 1GM ENG GEM (CF)  • ~~ - ~ o • but its extent is
suffic ient minorFUEL CELL - PHOS ACID(C F )  

~~~~~~~~~ .._ -~~~ ...Q. -~~~- -~~~ - -  - -  as to have minimal
STEAM TURB GEN -COAL(CP) 

__  e f fec t  on system  —  

performance orSTEAM TURN GEN -OIL(cF)  
re l iabi l i ty

STIRLING ENG GEN(C F )  o o o - o o ~~— — —  e — Conditions exists ,MED GENERATOR(CF)  
and its extent is

MHD/STEAM GEN(CF) 
— —~~~ s u f f i ci e n t  to have— — — — 

a moderate e ffec tTHERMIONIC GEN(C F )  
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REQUIREMENT PARAMETER

10 IG’i Cont . LP—240 V 17) Ava ilability of Raw Build—
________________________  

tng Mater~ aLs

Construction materials  which are critical to the power systems
and are of limited supply in the United States and Free World
countries are listed below.

System Critical Materials

GAS TURB GEN — SC(CF)______________________________ None
GAS TURB GEN -RC(CF)

DIESEL GENERATOR (CF )
___________________________ None
SPARK 1GM ENG GEN (CF)

___________________________ None
FUEL CELL - PHOS ACID(CF)

___________________________ Platinum
STEAM TURB GEN - COAL(CF)

STEAM TURD GEN-OIL(CF)

STIRLING ENG GEN (CF)
________________________  None

MHD CENERATOR(CF)

MHD/STEAM GEN ( CF)

THERMIONIC GEN(CF)
___________________________ None -

STEA M TURD GEN (N F )

ORGANIC VAP TURD GEN (NF)

GAS TURB GEN (NF) — _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

RADIOISOTOPE GEN (NF ) -

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  None
STEAM TURD GEM (SOLAR)

- 
ORGANIC VAP TURB (SOLAR ) - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

____________________________ None
GAS TURB GEM ( SOLAR)

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _- None
PHOTOVOLTPIIC (SOLAR] Possibly lead for conventional batteries

- WIND TURB GEM 10 1  Possibly lead for conventional batteries
WIND TURB GEM l0-5

____________________________ Possibly lead for convent~.ona1 batteries
WIND TURD GEM 20—1 Possibly lead for conventional batteries
WIND TURB GEN 20—5 — 

Possibly lead for conventional batteries
FLYWHEEL STORAGE

- BATTER Y STORAGE —
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SECTION XVI

TEN KILOWA~2 , CONTINUOUS 10

REQUIREMENT

Power Level: 
• 

10 Kw

Operating Mode : Continuous

Frequency/Phase : 60 Hz/ 1O

Voltage Level: 120 V
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REQU IRENE NT PP~RAMETER
10 KW 1 HR. 1 7) Environmental Constraints]

The degree of d i f f i c u l t y  in meeting more strict environmental regulations
is indicated for each of the pollution types, except for thermal discharge,
where amount is shown.

Notes: (a) system is air or water cooled ; heat rejected directly to atmosphere.
(b) system is water cooled ; heat rejected to body of water or cooling

tower. Water source and/or make-up required
_
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REQUIREMENT PARAMETER
10 KW Cont, 1P_ 120V

1 
8) Location Restrai

]

The locational l imi ta t ions  of the power system, and the adegree of d i f f i c u l t y  in overcoming these l imi ta t ions  are ~~, .~~~‘

indicated in the following t abu la t ion. 40 
.LO
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REQU IREME NT PARAMETER

10 xw Cont. i~~ i2o j I ~~) Operational Restraintsl

The t~ bul~ tcd opeYating characteristics -J
~ ~~~~

are applicable to the power system as “
~~~ ~f 

J)
indicated 4”. ~~~~ .‘.‘V 

~~~~~~~~~~~ ~~~~•
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~~— — Charac t e r i s t i c  not observed ~~~~~~~~~~~~~~~~~~ Y~’J ’
q

’V ~%
in system operation 
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’
effect on system performance ~~~~~~ ~~~~~~~~ ~~~
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SIll S 5 5 5 5 0. • •50  0. S 0. 5 5 5 S 5 5  5-
s -  S 5 S S • S 5 5 5  z
0.0 S S S S • S U S 0
• 5 S 5 0. 5 5 5 5 •  U
SI- 5 0. 5 50 5 5 5 U 5

• Ill 55- 5 S S SO 5 5 5 0. 5 3
. 5 —  5 4 5 5 .  lb 5 5 5 5

— 55  5 5 5 5 5 4  5 5 5 0. 5 5
• S S 5 5 5 5 S S 5 5 5 0
• 5 5 5 5 5 5 0. 5 5 5 •  —
• 5 5 5 5 5 5 • 5 5 5 5
lb S 5 5 5 0. 5 • S • S S —
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• S S S 5 5 5 0. 5 5 5 5  2
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10 IG~ Cont. 1P—120V J i l )  Type of System

The power system types, based on USAF definit ions
are tabulated below . The following abbreviations are used:

M — mobile system
T — transportable system
F — f ixed system

System Type

GAS TURB GEN - SC(CF) M

GAS TURD GEM - RC(CF) -

DIESEL GEN~~ATOR(CF ) M 
-

SPARK IGN ENG GEN(CF) M
FUEL CELL - PHOS ACID(CF) M

STEAM TURS GEN - COAL(CF) -

STEAM TURB G E N - O I L ( C F )  
- 

-

STIRLING ENG GEN(CF) M

MHD GENERATOR(CF) -

MHD /STEAM GEN(CF) -

THERMIONIC GEN(CF) M

STEAM TUR B GEN(NF ) -

ORGANIC ‘ZAP TURS GZN(NF)

GAS TURB GEN (NF ) -

RADIOISOTOPE GEN(NF) T

STEAM TIJR B GEM (SOLAR) -

- 

ORGANIC ‘ZAP TURS (SOLAR) p

GAS TURB GEM (SOLAR ) F

PHOTOVOLTAIC (SOLAR ) F
WIND TURB GEM 10-1 F

WIND TURB GEM 10 ’S F
WIND TURB GEM 20-]. F

WIND TUR B GEM 20-5 F

FLYWHEEL STORAGE -

BATTER Y STORAGE -

- _______________
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• 4 lb 4
• 5 • S
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— S 5 5 5
• S

S
S S S S S

• SI. SaSS
115 5 5’- S O S O
•. 5 —  S — S-
-0 S4  S 4 SS

5 • S
S S S
S S S
5 5 5 MI
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S S S 5-
S S S S
5 5 5 lb
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5 5 5 US
S a s

in 5 5 5 N
•• S S S —sq S S S

S S S
S S S -
5 5 5 0.

— S S S MI
o 5 5 5 5-
— S S S Sal

in S S S I
5 5 a 5 lb

•. 0-. 5 5 S 0.sq 50 5 5 5 4
S S U 5 0.

in 00 5 5 5
MI SO U S S

5 - .  5 5 S
3 55 5 5 5
2 5 5 5 S
— 5 5.. 5 5 5
1115 55.. 5 S S

5 •  5— 5 S S
S-N 54  5 5 5
S S S S S
4 5 S S S
5- 5 5 S S
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5 5 S S —
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0 5 SW  S M IS M I  0’ 5— S SO S O U O  — -U 5 50 50 50  U
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5 5 Se s o S e  0. 5 0 0. 0.
— S 50 U0 5 0  
• 5 50 S OS O  5 0. 0. 0. 0.
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5- 5- ,-• 0. 5 a  5 . 5 .  I— 5- 5- 5.. 5.-
5.. 5.. 5- 5  S S S U 5 5- 5- 5- 5-
— — — S  — U— S — S  0 4  4 4 5  4 4  S l b  S 4 S4  4 lb lb lb 4
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— 155 — 515 M I M I
l a M  M. M M .  M M .  Ia. Sa M. Ia. 1.. M M .  I a - S  0. 0. 0. 5 5 S 5 0 0 .
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. 3 . 3  .3.3 ~~~~~~~~ 151 N 0 . 0 .
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5- 5- Ml 0 0. .3 5 S W  M I >  0 0  5- S. S. — —(IS K .3 S S S  1 1  1 5 -  1 a _ U S  0 * 3 3 3
in VS MI S . 3 3  5- — I-- US U 0 4 lb 4
lb lb S .  4 W  5’-. 5- s-a S W >  0
0 0 00  U I US S 5 5 -

US 1 4 lb UI U
. 3 4  MI 0 S.
MI W 5 -  0. 2
5 5 - V S  0 lb
Ia. US S

S
0
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REQUIREMENT PARAMETER

~~~ ~~~~~ ~ i3 Growth potential

The power systems are ranked below according to their growth
potential, or ability to have their rated power output increased
by incremental amounts. This depends on the degree of modularity
of the system. A fu l ly  modular system has the most growth poten-
tial. a non—modular system has none.

System Critical Materials

GAS TURB GEM — SC(CF) Not modular

GAS TURD GEM — RC (Cr)

DIESEL GENERATOR (cF ) Not modular, except possibly

SPARK IGN .ENG GEN(CF) ~~~~~~~~~~~~~~~~~~~~~~~~~

FUEL CELL — PHOS ACID(CF) Fully modular

STEAM TURB GEM - COAL (CF)

STEAM TURD GEM - OIL(CF)

STIRLING ENG GEN (CF) Not modular , except possibly
____________________________ largest reauirements

I~flZD GENERATOR (CF )

MHD/STEAZ4 GEM (Cr)

TRERMIONIC GEN (CF) Partly modular

STEAM TURB GEN (NF)

ORGANIC VAP TURD GEM (NP )

GAS ‘TUP.B GEN (NF )

RADIOISOTOPE GEN (NF ) Not modular

STEAM TURB GEM (SOLAR)

ORGANIC VAP TURD (SOLAR) Not modular

GAS ‘PURR GEN (SOLAR) Not modular , except possibly
____________________________ largest requirements

• PHOTOVOLTAIC (SOLAR) Fully modular

WIND TURD GEN 10—1 Modular for most requirements

WIND TURD GEM 10-5 Modular for most requirements

• 

WIND TURD GEM 20-1 Modular for most requirements

WIND TURD GEM 20—S Modular for most requirements

FLYWHEEL STORAGE

BATTE RY STORAGE

316
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REQUIREMENT PARAMETER

10 XW Cont. lP— 3.20 v] ( 14) Re1iability/Avai3.abi1ity~~
The tabulated conditions exist in the
power system to the extent indicated.

.o~
.

~~~~~~~~~~~ -.,?
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~7j :~

, ‘C-, •b- ~~ ~~ ~~ 
.4,

•~~~~~ 4 t 4  ~~~~~~~ ~~~
~~ 4S~ 4 ~

~~~ ~~ ~~
‘ -

~~~~~~~~~SYSTEM

GAS TURD GEM - SC (C?) ..Q. .~~~~~ -~~~ ..2. A -~~ - -~~~ - - Condition does not
GAS ‘PURR GEN -RC(CF) ‘exist in system
DIESEL GENERATOR (CF) I 2. _9. -.._ ~Q.. -2- A ~~~~~ -

~~
- — Condition exists,

SPARK 1GM ENG GEN (CF )  I 0 0 — ~~ ~ — but its extent is
________________________ — — — — sufficient minorFUEL CELL -PROS ACID(C?) 

-
~~ .Q - -  -~~~~ -- -~~- as to have minimai

STEA M TURB GEN - COAL(CP) 
— — — — e f fect on system— — performance orSTEAM TURB GEN - OIL(CF)  — — — — — — — — re l iabil i ty

STIRLING ENG GEN (CF) 0 0 0 - o 
~~ A—   

e - Cond itions exists,MMD GENERATOR(CF)  
and its extent is

MHD/STEAM GEN (CF) s u f f i c ie n t  to have_________________________ — — 
a moderate e f fectTHERMIONIC GEN(CF) 0 

~~ ...  1. ..Q .2. ~~~_. -
~ .- on system perform-

STEAM TURB GEN(NF) — — ance or reliability
ORGANIC VAP TURD GEZJ(NF) 

—- -_ , — —- — — — — — - Condition existsGAS TURD GEM(NF) — — — and is a governing_________________________ — — factor in determjn—RADIOISOTOPE GEN(NF) 2. .2.. .2.. 2.. ... .2-. 1 .~~ - ing system perform-
STEAM TURD GEM (SOLAR) — — — ance and reliabi3.it’
ORGANIC VAP TURB (SOLAR) o o - - o
GAS TURD GEN (SOLAR) o o o - o o - ~~ _

PHOTOVOLTAIC (SOLAR ) o - - o - - -WIND TURD GEM 10-3. o 0 - o - - -WIND TURB GEM 10-S o 0 S L
WIND TURB GEM 20-1 

o o • - o - - -. .
WIND TURD GEN 20-5 2~. 2.. L ~~.. 2... ~~~~. ~~~. 

I...
FLYWHEEL STORAGE — — — — —BATTER Y STORAGE — — — — —_ _ _ _ _ _ _ _ _ _  -—
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VS ~ ...a 0 0 * 1 0 5- 7 5 -  (A 0 3  3 9 3
(A VS hi 0 _l ~ I— 5- (A U 0 4 4 4 2
4 4 — 4 hi 5- 5- 51 4 h i>  0 5.
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-10 KW Cont. 1 p—l2OV~ 
11 )  ~vai].abi1jt of Raw Build-

________________________ 
ing Materta~ s

Construction materials  which are cr i t ical  to the power systems
and are of l imited supply in the United States and Free World
countries are listed below.

System Critical Materials

GAS TURB GEN - SC(CF)
____________________________ None

GAS TURB GEN -RC(CF)

DIESEL GENERATOR (C?)
_____________________________ None

SPARK IGN ENG GEN(CF)
_________________________________ None

FUEL CELL - PHOS A C I D ( C F )
______________________________ P la t inum

STEAM TTJRB GEN - COAL(CF)

STEAM ‘PURR GEN-OIL (CF)

STIRLING ENG GEN(CF )
_______________________________ None

MMD GENERATOR(CF)

MHD/STEA M G E N ( C F )

THERMIONIC GEN(CF) 
- - _ ___________________

_______________________________ None
STEAM TURB GEN(NF)

ORGANIC VAP TURB GEN(NF)

GAS TURB GEN(NF)

RADIOISOTOPE G E N ( N F )
________________________________ Non•- STEA M TURB GEN (SOLAR)
- 

ORGANIC VAP TURB (SOLAR )
_______________________________ None

GAS TURB GEM 1SOLAR )
____________________________ None
PHOTOVOLTAIC (SOLAR ) Possibly lead for conventional batteries

- WIND TURB GEN 10—1 Possibly lead for conventi~~~al batteries

WIND TURB GEM 10—5 Possibly lead for conventional batteries
WIND TURB GEM 20— 1 — 

Possibly lead for conventional batteries
WIND TURB GEM 20-5 

Possibly lead for conventional batteries
FLYWHEEL STORAGE

BATTERY STORAGE 
--
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SECTION XVII

TEN KILOWATT , 8 HOUR DC

REQUIREMENT

Power Level: 10 Ky

Operating Mode : 8 hours per day

Frequency/Phase: DC

Voltage Level: 28 V 
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REQUIREMENT PARAMETER

1D K~ 8 Hr. 3P—240V J 7) Environmental constraints1

The degree of difficulty in meeting rno~e strict environmental, regulations
is indicated for each of the pollution types, except for thermal discharge,
where amount is shown.

Notes: (a) system is air or water cooled; heat rejected directly to atmosphere.
(b) system is water cooled; heat rejected to body of water or cooling

tower. Water source and/or make—up required
-5 5

’ 

_
•5

— 1 ~ 
S.!¼
•0  ‘(~

j 14,

ac? ‘cP 4~~ 40~

SYSTEX~t *
GA S TURB GEN- -sc (cF)

~ AS TUR B GEN -RC (CF) — - none

Dfl.SEL ~~~N ERA TOR (CFJ 0 - minor
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _   

— o o e e j~~~~~ — — —si~~iuc 1jr ’i s~- i j  
~~~c~

-j  — — — moderat
_ _ _ _ _ _ _ _ _ _ _ _ _   

— o o e  — e  — —  —

I - maj’:r
_ _ _ _ _ _ _ _ _ _ _ _ _  0 —
STEAM TURB GEN - COAL(CF) — — — — — — — —
STEAM TURD GEN -QIL (CF)   —  —

STLRLIO!(j ENG GEN (CF)  — —
t’U~D GENERJ~TOR( CF)  Q— 9- Q. L Q. L -

PaiD/STEAM GEN(CF)   —

THERMIONIC GEN(CF)

NTEP~p~ TUKS ~1EN(NF)

ORGANIC VAP ~uRa (iEN(NFJ — —

GAS TURB (,EN (NF )

RhDIOISQTUk’E c,tLl(NrJ —

~~‘bM TURB GEN (SpLAKI 
-

ORGANIC VAP 2iJR~ (byLe~x~ 
—

_ _ _ _ _ _ _ _ _ _ _ _ _

GAS IVRB GEN (SOLAR) — 

)IfYrOVOLTAIC (SoI.j~K J — — 
WIND~~~JRB GEN tAtL) — — — — — 

FLYWHEEL STORAGE

SA~~~ERY STORAGE
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REQU IREME NT PARAMETER

10 KW e ~r. DC—28V 8) Location Restrainti

The locational limitations of the power system, and the
degree of d ifficulty in overcoming these limitations are ~
indicated in the following tabulation. ~~ 4

0)
4.’

- no luisttation Op 
~~o — minor limitation -~~ ~~

‘ 
•~ ~~~ ~‘ 

~~~~O - major  l i m i t a t i o n  
~~~~~ ~~ 

4~~~ Q~O 40 ~~• - over r id ing  l i m i t a t i o n  
~
,
° 
4. ~~ 

~~~~~ / 4’ 
~~~ (çO b ~~~ ‘~~~~ ~~

- o~ 
4

•b t ~~ ~~~
‘ 

~~~~~~ ~~~

~ -~~ ~ 0 d~ .
C~-C,. 4 Op ~‘ 

(i .~

_ _ _ _ _ _ _ _ _ _ _ _ _  

4. 4 -&•, ~~. ~~~~~~~~
_ _ _ _ _ _ _ _ _ _ _ _ _ _  

q, 
~~ ‘

~~ 0
~~ ~ d ~ • 0

SYSTEM .~.! .~~~ ~~

GAS TURB GEN - SC(C F)  - - 0 I — — - -
GA S TURE GEN - Sc(CF)

DIESEL GENEPATOR (Cr)

SPARK 1GM ENG GEN (CF) - - - .1. - 
~~~. .~~ - —c-

FU EL CELL - PHOS A C I D ( C F )  T - - • — — -
STEAM TURD GEN - COAL(CF)

STEAM TURD GEN-OIL(CF)

STIRLING ENG GEN (CF) o •
MHD GENERATO R ( CF)  

— — — —
MHD/S TEAM GE N ( C F )

THERMI ON I C GEN (C F) 0 0 9 L. -

STEA M TURB G E N (N F )

ORGANIC VAP TURB G E N ( N F )

GAS TURB GE N ( N F )  
—

RADIOISOTOPE G E N (N F )  :—    ,_
STEAM TURB GEM (SOLAR)

ORGANIC VAP TURB (SOLAR) e o  - - -
GAS TURB GEM (SOLAR) - - o - • — - -
PHOTOVOLTAIC (SOLAR) - - -  - -
WIND TURS GEM 10-1   

-

WIND TURB GEM 10- 5   -  • - -
WIND TURE GEM 20-1 

- -

WIND TURB GEM 20-5 — — — — - —

FLYWHEEL STORAGE

BATTER Y STORAGE  
c   - I 334
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REQUIREMENT PARAMETER
10 KW 8Hr. Dc—28v Operational, Restraintsl

The tabul~tcd operating characteristics 
/ ~~~~are applicable to the power system as v .O~

’
~~ ’ c~

3
~ 

‘~~

indicated 4~’ ~~~
‘

‘cd~
’ 

~$‘,0~~ P
— Characteris t ic  not observed 

~~~~~~~~~~~ €~~in system operation 
_
‘ d” .~~ 4~ Cc$~

0 — Characteristic has minor ~~~~ • ‘(~~~~~~~4 ~ ~~~~~ o’~
’

e f fec t  on system performance ~~ c~~p ~~~
‘

0 - Character is t ic  has moderate
4 ~~~~0 0effect on system per formance C. 

0 0 ~~~ ~~~
‘ 

~~~

‘

• - Character is t ic  has major  .j
~ ~P ~~. 4

effect on system per formance 
~~~ ~P ~,.0 o~~J’~ 4

0 0
_ _ _  ——_

SYSTEM ~~ ‘~~~ d~ 
~~~~ 

~J’
GAS TURB GEN — SC (CF) e o . 

— o 
~~ 

o

GAS TURD GEN -RC (CF)

DIESEL GENE RATOR (CF) o 0  0 0 0
SPARK 1GM ENG GEN(CF) 

~ o -  0 0 0
FUEL CELL - PHOS ACID(CF) 

STEAM TURD GEN - COAL(CF) 
— — _ —

STEAM TURB GEN-OIL(CF)

STIRLIN G ENG GEN (CF) o o - — o o o
MHD GENERATOR ( CF) 

—

MIlD/STEAM GE N ( C F )

THERMION I C GE N ( C F )  o o — - e a o
STEA M TURB G E N ( N F )

ORGANI C VAP TURD GEN (NF)  
— —

GAS TURD GE N ( N F )  
—

RADIOISOTOPE GEN(NF)  o o - — e o o
STEAM TURB GEM (SOLAR) 

- - -

ORGANIC VAP TURB (SOLAR ) 
~~ • - -

GAS TURD GEM (SOLAR) 
- - • - — -

PHOTOVOI..TA!C (SOLAR ) - - • - - - -

WIND TURB GEM 10-1 - - - - -
WIND TURS GEM 10-5 - — - • - — -
WIND TURD GEM 20-1 - - - — - -
WIND TURB GEM 20-5 

- - - - - - -

FLYWHEEL STORAGE 
— 

-

BATT ER Y STORAGE
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10 KW 8 HR DC—28V J i l)  Type of System

The power system type s, based on USAF definitions
are tabulated below. The following abbreviations are used:

M — mobile system
T — transportable system
F — f ixed system

System Type

GAS TURB GEN - SC(CF) M
- 

GAS TURB GEM - RC (CF) -
DIESEL GENERATOR(CF) M

SPARK IGN EMG GEM (CF) M

FUEL CELL - PHOS ACID (CF) M

STEAM TURD GEN - COAL(CF) -

STEAM TURD GEN -OIL(CF) -

STIRLING ENG GEN(CF) M

MHD GENERATOR(CF) -

MHD/STEAM GEN(CF) -

THERMIONIC GEN(CF) M
STEAM TURD GEN(NF) -

ORGANIC VAP TURB GEN(NF)  -

GAS TURB GEN (NF) -

RADIOISOTOPE GEN(NF) T
STEAM TURB GEN (SOLAR) 

— 
-

ORGANI C VAP TUR D (SOLAR ) F
GAS TURB GEN (SOLAR ) F

PHOTOVOLTAIC (SOLAR ) F

WIND TURD GEM 10-1 F

WIND TURD GEM 10-5 F

WIND TURD GEM 20-1 F
WIND TURB GEM 20-5 F

FLYWHEEL STORAGE F

BATTERY STORAGE M
I ~~~~
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REQUIREMENT PARAMETE R

KW 8 Hr. Dc..28V1 13) Growth potential

The power systems are ranked below according to their growth
potential, or ability to have their rated power output increased
by incremental amounts. This depends on the degree of modularity
of the system. A fully modular system has the most growth poten-
tial, a non—modular system has none .

System Critical Materials

GAS TURB GEM - SC(CF) Not modular

GAS TURD GEM - RC(CF)

DIESEL GENERATOR (CF) Not modular , except possibly
____________________________ lara~~ t requirements
SPARK 1GM ENG GEN (cF) Not modular , except possibly

______________________________ larc~est requirements
FUEL CELL - PHOS ACID (CF) Fully modular

STEAM TURD GEM - COAL(CF)

STEAM TURD GEM - OIL(CF)

Not modular, except possiblySTIRLING ENG GEN (CF)
______________________________ largest requirements

MIlD GENERA’IOR (CF)

MED/STEAM GEN (CF )

THERI4IONIC GEN (CF) Partly m odular

Sit? TURD GEN (NP)

ORGANIC VAP TURD GEN (Np )

GAS TURD GEN (N~’)

RADIOISOTO PE GEN (NF ) Not modular

STEAM TURD GEM (SOLAR)

ORGANIC VAP TURD (SOLAR) Not modular

GAS ‘rUED GEM (SOLAR) Not modular, except possibly
____________________________ largest requirements

PIIOTOVOLTAIC (SOLAR) Fully modular

WIND TURD GEM 10—1 Modular for most requirements

WIND TURD GEM 10—5 Modular for most requirements

WIND TURD GEM 20—1 Modular for most requirements

WIND TURD GEM 20-5 Modular for most rcquirements

PLYWLIEEL STORAGE Modular for  most requirements

flA TTERY STORAGE Fully modu lar
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I

REQUIREME~~ PARAMETER

i~w 8 kW. DC— 28V 
[

14) Reliability/Availability 1
The tabulated conditions exIst in the
power system to the extent indicated .

.o~
.

,o.
4 A ~~ 4 4~ 

~~‘ 4
.
~~~~~~~~e. 4 0

b
0 4 4 ‘C.. ‘~~ ~C, ~f, ~~v .4

4 4 0 ~~~~~ Y ç~ ~~V

4
D ,7 , v j .P ~~~~~

SYSTEM ~~~~~~~~~~~~~~~~~~~~~~~
GAS TURD GEN -SC(CF) .9. -! -.9. .~.. I -~~~ —~~~ -~~~~ - - Condition does not
GA~ TURB GEN - RC(C F)  

— — — — — — exist in system
DIESEL GENERATOR (CF) I _

~ ..9- -.- -9- ~.Q. ..i - -  -~~~ 0 - Condit ion exists,SPARK ION ENG GEN(CF) 
• ~ - o o • but its extent is________________________ — — s u f ficie n t  minorFUEL CELL -PHOS ACID(CF) 

-
~~~ ... -.:.. - -  -2. .~~. -..- —c- as to have minimal

STEA M TURD GEN -COAL(CF) 
- - — — 

effect on system— — per formance orSTEAM TURD GEN -OILtCfl 
— reliability

STIRLING ENG GEN( CF)  0 0 0 - 0 0 j.— — — — e — Conditions exists,MED GENERATOR(CF) — — — — — — -
~- — — and its extent is

MED /STEAM GEN( CF) 
— — — — 

suf f icient to have— 

a moderate effectTI4ERMIONIC GEN(CF)  .2.. 1. .~~~~ . -  ~~ - .2. .2.. ~~~~~ -
~~
- on system per form-

STEA M TURB GEN(NF)  — — — — — — ance or r e l i abi l i t y
ORGANIC VA? TURB GEN(NF) 

— — — — — — — — — I - Condition existsGAS TURD GEN (NF) 
— — — and is a governing— — — 

factor in detergnjn-RADIOISOTOPE GEN(NP) 0 2- .~~~~ .2... .!_ .~~- ing system perform-STEAM TURD GEM (SOLAR) — — — — — — — — ance and reliabiljt’
ORGANIC VA? TURB (SOLAR ) o 0 o - - L
GAS TURD GEM (SOLAR) 0 .2.. .2.. .. 2.. 2-. .~~~~. L
PHOTOVOLTAIC (SOLAR ) o - 

.~~.. ~~~~. ~~~~ . .t
WIN!) TURD GEN 10-1 o 0 - 0 - - -
WIND WRB GEM 10-5 o o . - o - - -
WIND TURB GEM 20-3. 

-- 
o o • - c...

WIND TURD GEM 20-5 
o 

~~~ !.. .. ‘ ~~~ . 
- -

FLYWHEEL STORAGE 0 1 L
BATTERY STORA(E 
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REQUIREME NT PARAMETER

10 KW 8 Hr. DC—28V (17) Availability of Raw Build_j
________________________ ing Mater~.aLs

Construction materials which are critical to the power systems
and are of limited supply in the United States and Free World
countries are listed below.

System Critical Materials

GAS TURB GEN’ -SC(CF)  
None- 

GAS TURB GEN - R C ( C F )

DIESEL GENERATOR (CF) 
None

SPARK 1GM ENG GEN(CF) None
FUEL CELL - PHOS ACID(CF)

_____________________________ Platinum
STEAM TURB GEN -COAL(CF)

STEAM TURB GEN -OIL(CF)

STIRLING ENG GEM(CF)
____________________________ None

MED GENERATOR(CF)

MED/STEA M GEN (CF)

THERMIONIC GEN (CF)  
None

STEA M TURB G E N ( N F )

ORGANIC VAP TURD GEN( NF)

GAS TURB GEN(NF)

RADIOISOTOPE GEN (NF)
______________________________ None

STEAM TURD GEN (SOLAR)

ORGANIC VA? TURD (SOLAR) - _______________________________________

_______________________________ None
GAS TURD GEM (SOLAR )

________________________________ None
PHOTOVOLTAIC ( SOLAR )

____________________________ Possibly lead for convent~.onal batteries
- 
WIND TURB GEM 10-1 Possibly lead for conventional batteries
WIND TURB GEM lO~ 5 Possibly lead for conventional batteries
WIND TURD GEM 20-1 

Possibly lead for conventional batteries
WIND TURB GEM 20-5 Possibly lead for conventional batteries

- - FLYWHEEL STORAGE
____________________________ None- 
BATTERY STORAGE possibly lead ~or conventional batteries

I
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SECTION XVIII

TEN KILOWAT1~, 8 HOUR 30

RE Q.UIREMENT

Power Level: 10 Ky

Operating Mode : 8 hours per day

Frequency/Phase: 60 Hz/3O

Voltage Level : 2~ O V

I
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REQU IREME NT PARAMETER
10 KW 8 Hr. DC-28V j Env-ironmenta:. Constraints]

The degree of difficulty in meeting more strict environmental regulations
is indicated for each of the pollution types , except for thermal discharge,
where amount is shown .

Notes: (a) system is air or water cooled; heat rejected directly to atmosphere.
(b) system is water cooled; heat rejected to body of water or cooling

tower. Water source and/or make-up requ ired
-\ ~
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REQU IREME NT PARAMETER

I io iw 8 Hr. 3P—240V] I 8) Location nestra~~~ J

The locational l im i t a t i ons  of the power system, and the
degree of d i f f i c u l t y  in overcoming these l imi ta t ions  are
indica ted  in the fo l lowing  t a b u l at i o n . .
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REQUIREMENT PARAMETER

I io i-cw 8 Hr. 3P_240V J 1 ~ Operational Restraintsl
~0,

The tnbul~~tcd operating characteris t ics j
~

are applicable to the power system as ~ , ~ ~~~ 0, ~~~indicated ~~~ ~‘ ~~ r 

~~~~ 
.j~ ~~
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~~effect on system performance ~~~~~
‘ 

~~ ~~~~~~~~ ~~
— charac te r i s t i c  has moderate •ç~ ~~ ~

effect on system per formance ~
— Charac te r i s t i c  has major ~~~ ‘ ~~~~ 4

effect on system per formance 
~~~~~ ~~~~~~~~~~ 

.çe. C.

-S Y~ TEM ~~ ~ -/ d~ o
4 ~~ ~~

GAS TUR D GEN - SC(CF) 
~ 0 — — o ~ 0

GAS TURB GEN - RC(CF) 
— —

DIESEL GEN ER A T O R ( C F )  o 0 - - 0 o 0
SPARK 1GM ENG GEN(CF) e 0 — — 0 0 0
FU E L CELL - P!~OS ACID ( CF)

STEAM TURD GEM - COAL(CF)  
—

STEAM TURB GEN-OIL(CF) 
— —

STIRLING ENG GEN(CF) o o — - o o o
MIlD GENERATO R (CF)

MHD/STEAM GEN(CF)

THERMIONIC GEN(CF) 0 0 — — e 0 o
STEA M TIJRB GEN(NF)

OR GANI C VAP TURD G E W ( N F )

GAS TURB GE N ( N F )

RADIOIS OTOPE GE N ( N F )  
0 o - — e o 0

STEAM TURB GEM (SOLAR )

ORGANI C VA? TURB (SOLAR) = o • - o e -

GAS TURB GEN (SOLAR) - - I - - -

PHOTOVOLTA IC (SOLAR ) - I - - - -
WIND TU RD GEN 10-1 - - - - -
WIND TURD GEM 10-5 - — - - - -
WIND TURB GEM 20-1 

- - - - - -
WIND TURB GEM 20-5 - — - - - -

FLYWHEEL STORAGE 
-

t3ATTERY STORAGE
- -- - -5  

Ic’

- - 

- — -5— — --5- ~~~~~~~~~~~ ~~~~~~~~~~~~~~~ - _ _ _ ___ _ _ -



I

45..
4-

IV
I U

ha.
4 Ia.

IV

I
IV
P.

S Ill
• 4 4-

• IS
O S I S

4 - S  4554 0.. 0— S —  —

I • S
• •WI SP. -

•SS P a
(~I I •— 45— Sal

o I •4S4 4-
— I S S hal

I •e. I
*455 •SS 45

•_ .  a
I •4S 45

• 5 o_
P.
S I • S
SQ I 5 5
U I 5 5
a I • S
Sal I • S

5 5.. S S
4- 5 5
U • S
S IS • S
Sal I 5 5 5
— U— -~~ 5 5
U •(J 5 5 5 4-
— S S • • 0

So 5 5 4 5  45
. 4 5 5  50 5 S 1W
S a l. •  S S S S I

SO S S S
• S S S

S •04- 50 5 • a
5— 5— 5 5 I
54 •4 S S

I 5 5 5 •  S
I 5 5 5 5

• S S • ~• S • S ~I 5 5 5 5
• 5 45 0 0 0  0 5 5 0

4 S S S S S S S S S —
• S S S S S S 5 4 S

• S S S S SI SSI S S I S S I S S  S —
I S S S S . o . o . o S oe  S P.
I S S S S S — S— S — S — S  5 7
• 0 • • • S •o.o.s.S S S

45 5 • S S • • S S S S
•• U —  S S S 4 54- S4-S P SP 44-S S U

Su SI S S • 5 4-  S P -S P- S I SP- S S 0
• 54- S 5 5 5.. 5 .5 5_ S ..  S —

ISIS 5 -  S S S 54 5 4 4 4S4 S 4 S  S
55 54 5 5 5 5 5 5 S S S S

I S —  5 ~ S 5 5 5 45 Vh S S 5 5  5 S U
IS O  5 4  5 5 S 5 5 0 5  5 S S S S 0
IS 5 5 S 5 5 5 5 — . • S S S S
144- 5 • 5 5 50 5 5 US S S S 5 5

— I S P .  5 5 5 5 5 0  5 5 S • S 5 S S
.•S— U S 5 S 5— S S VhS S S S S S
1 54  S 5 5 5 44 5 5 SS 5 5 5  5 5
I S  S 5 5  S S 5 4 5 —. 5 5 5  5 5
IS  S 5 4 -U  5 5 5 5 S o O SS  5 5 S  5 S
IS 5 54-S S S S ..o.S• s 5 s  •IS S 5 .5 5 5 5 505.54-5 5 5 45 5 5
5 5 545 5 5 5 5 4 5 4 5 4- 5  5 5 5  5 5

IS S S S 5 5 5 5— 5  5—• 5 S 5  S S
IS 5 5 5  5 5 5 •4S 5 4 5 5 5* 5 .

O S S  S • S S S S S 5 5  5 4 5 5 5 5
a

4 - 4 - hal ~ .1 X 
1 5 .  VI ~IS IS U 0 .1 ~ 4- 4- VI U 0 4 4 4 5

4 4 — 4 SQ 4- P. 4 U 4- 4 5 .
0 0 0 5 .  U X I S  7 0 4 -

IS I 4 4 VI U
.1 45 IV 0 —
hal IV 4- 0 7
9 4 - I S  0 4
h I S  0

3c7

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - --5 - ———— - —— ~~~~~~~~ - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ :- — - - - - 5 -  -5 - —- - ——— - — --5



— — -5-5-5-5 -5— -5- —-5- -51

REQUIREIIENT PARAMETER

10 xw 8 HR 3P—240v ] I l l )  Type of System

The power system types, based on USAF defini t ions
are tabulated below. The following abbreviations are used;

M — mobile system
P — transportable system
F — fixed system

System Type

GAS TURD GEN -SC(CF) M

GAS TURD GEN -RC(CF)

DIESEL GENERATOR(CF) M
a.

SPARK 1GM ENG GEN (CF )  M

FUEL CELL - PROS ACID(CF) M

STEAM TURD GEN -COAL(CF) -

STEAM TURD GEN - OIL(CF )  -

STIRLING ENG GEN (CF) H

MHD GENERATOR(CF) -

MHD/STEPM GEN(CF ) -

THERMIONIC GEN (CF) M

STEAM T~JRB GEN(NF) -
- 

ORGANIC VAP TURB GEN(NF) -
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STEAM TURD GEM (SOLAR) -
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WIND TURD GEM 10-1 F’

WIND TURD GEM 10-5 F
WIND TURD GEM 20- 3. p 

—

WIND TURB GEM 20-5 F

FLYWHEEL STORAGE F
- 

BATTERY STORAGE M
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REQUIflE,~~~~4T PARAMETER

i~~ 8 Hr. 3P—240V 13) Growth Potential 1
The power systems are ranlied below according to their growth
potential, or ability to have their rated power output increased
by incremental amounts. This depends on the degree of modularity
of the system. A fu l ly  modular system has the most growth poten-
tial, a non—modular system has none .

System Critical Materials

GAS TURD GEN - SC(CF ) Not modular

GAS TURB GEM - RC(CF)

DIESEL GENERATOR (C?) ~~~~~~~~~~~~~~~~~~~~~~~~

SPARK 1GM ENG GEN (CF ) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

FUEL CELL - PROS ACID(CF) Fully modular

STEAM TURD GEM - COAL (C?)

STEAM TURD GEM - OIL(CF )

STIRLING ENG GEN (cP ) Not modular , except possibly
___________________________ largest requirements

I-U~D GENERATOR(CF)

MUD/STEAM GEM (Cr )

TEERMIONIC GEN(CF) Partly nodular

STEAM TURD GEM (NF)

ORGANIC VAP TURB GEN (NF )

GAS TURD GEN ( NF )

RADIOISOTOPE GEN (N F) Not mod~1ar

STEAM TURD GEM (sOLPR)

ORGANIC ‘lAP TURD (SOLAR ) Not modular

GAS TURD GEM (SoLAR ) Not modular , except possibly
___________________________ largest requirements

PIJOTOVOLTAIC (SOLAR) Fully modular

WIND TURD GEM 10—1 Modular for most requirements

WIND TURD GEM 10-S 
- 

Modular for most requirements

- 

WIND TURD GEN 20-1 Modular for most requirements

WIND TURD GEM 20—S Modular for most requirements

FLYWHEEL STORAGE Modular f o r  most requ i rements

BATTERY STORAG E Fully modular

- 360
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14) Reliability/Avai].ability
l

The tabulated conditions exist in the
power system to the extent indicated.

~~ b
i(

~~~~~~~

/ ~~~ e#o~-c ,~~~4~ 4
5

4D •
~ 

e~ ~~~~~e. q~ ~~~ 
-.
~
- 

~, 0,y .~~~~ ~, /, 
be ~~~Y 

j~4 ~ 
I
~
I • C. ~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~ 4 b .4 ~~~~v t7~~~~# , •y 
~
.y V. •V

6
:h_

*# , 4 o~~~~~~~9 4~~~4____________ .4 ‘c~~ 4 4  ‘ ,
~

. 
— •

~~~~~ O~~~O~~~4 ~~~~~~~~~~~~SYSTEM

GAS TURB GEN - SC (CF) ~ • ~ • ~~ • ~ — 
Condition does not

GA~ TURB GEM RC(CF) — — — — — — — ‘exist in system
DIESEL GENE RA TOR(CF) I _

~ _Q. _ . .  -Q. ..Q. .1 —c- -
~~~ 0 - Condition exists ,SPARK 1GM ENG GEN(CF)  

• o o — o o • but its extent is
— — — — su f ficLent  minorFUEL CELL - PHOS ACID(CF) 
-

~~ 
-~~~ Q. -~~~ -~~~ -- -

~~
- as to have minimal —

STEAM TURD GEN - COAL(CF) 
—- — — — — effect  on system— — — 

performance orSTEAM TURD GEN -OIL(CF) — — — — — — — — — re l i ab i l i ty
STIRLING ENG GEN(CF) 

~ ~~ o — 
~ .2- J- -~~— — — — e — Conditions exists,MMD GENERATOR(CF) — — — — — — — — — and its extent is

MHD~’STEA M GEN(CF) — — — — — 
su f f icient to have— 
a moderate ef fectTHERMIONIC GEN(CF) .1. ~~~.. .~~~ .2... -2.. -~~- -~~

- on system per form-
STEAM TURB GEN(NF)  

— — — — — — ance or reli ability
ORGANIC VAP TURB GEN(NF) — — — — — — — — — - Condition existsGAS TURD GEN ( NF ) — — — and is a governing— — 

factor in determin-RADIOISOTOPE GEN(NF) 
.
~~~~
. .2.. L ing System perform-STEAM TURD GEM (SOLAR) — — — — — — — — ance and re1jabiljt~

ORGANIC VAP TUR D (SOLAR ) o o o - - -
GAS TURD GEN (SOLAR) 

o o 0 - o o - -
PHOTOVOLTAIC (SOLAR) _2_ 2-. L
WIND TURB GEM 10-1 o o • - o - - -

WIND TURB GEM 10-5 o o • - o - - -
WIND TURB GEM 20-1 o o . - o - - -
WIND TURB GEM 20-5 o .~~ .. L .. L..
FLYWHEEL STORAGE o L ~~~~ . L
BATTERY STO~ \GE o - - -

36!
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REQUIREMENT PARAMETER

10 KW 8 Hr. 3P—240 V 17) ~vai1abi1jty of Raw Build-_______________________ ing Materials

Construction materials which are critical to the power systemB
and are of l imited supply in the United States and Free World
countries are listed below.

System Critical Materials

GAS TURD GEN -SC(CF) None
GAS TURD GEN - RC(CF)

DIESEL GENEP.ATO R(CF) 
—

~None
SPARK ION ENG GEN(CF)

_____________________________ None
FUEL CELL - PHOS ACID(CF)

Platinum
STEAM TURB GEM - COAL(CF)

STEA M TURB GEN - OIL ( C F )

STIRLING ENG GEN (CF)
None

MMD GENERATOR(CF)

MHD/STEA M GEN(CF)

THERMIONIC GEN~ CF)________________________________ None
STEAM TURD GEN(NF)

ORGANIC VAP TURB GENTNF)

GAS TURD GEN(NF) —

RADIOISOTOPE GEN (NF)
____________________________ None

STEAM TURB GEN (SOLAR)

ORGANIC S/AP TURB (SOLAR)

~IoneGAS TURB GEM {SOLAR )
Marie

PHOTOVOLTAIC (SOLAR I Possibly lead for conventional batteries
- WIND TURB GEN 10—1 Possibly lead for conventional batteries

WIND TURD GEM 1 0 5  Possibly lead for conventional batteries
WIND TURB GEM 20-1 

Possibly lead for conventional batteries
WIND TURB GEM 2 0 5  Possibly lead for conventional batteries

- 
FLYWHEEL STORAGE

Non.- 
BATTERY STORAGE 

Possibly lead for conventional batteries

3” 

I
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SECTION XIX I -

TEN KILOWATT , 1 HOUR 30

~~~UIRE14ENT

Power Level: 10 Ky

Operating Mode: 1 hour per day

Frequency/Phase : 60 Hz/3Ø

Voltage Level : 2140 V
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IS V . 3 0 .  3 ft 1 I 1 4 -  0. 0 0 4 -  3 3 4-IS IS U ft .4 9 4- — 4- 50 U 0 5 4 S IS S . S U p.- 4- a. 4 hi P. 0 0
0 0 0 0  U 5 0  2 ft 4-Ill 1 5 4 IS U

.3 4 U 0
U U I -  ft S
3 0 - I S  0 5

— S. VI 0
ft
0
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-5 REQUIREMENT PARAMETER
— I io J(~(7 Cont. 1P—120 vJ I 7) Environmental Constreintal

The degree of difficulty in m eeting more strict environments]. regulations
is indicated for each of the pollution types , except for thermal discharge,
where amount is shown.

Notes: (a) system is air or water cooled; heat rejected directly to atmosphere. 
-

(b) system is water cooled ; heat rejected to body of water or cooling
tower. Water source and/or make—up required

.
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‘~~~~~ 00 0  ~~~I

4
O)

4
~I)

.
~ 

•D

F, 1(10 Ic,0 4.’~~40
t;~~~;~
•
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•‘S•/,
SYSTEM 

~~~~~~~ 4~
S 

~~A S T ~J RB GEW- SC(C F)  ~~~~ 
_ _ _ _ _ _ _ _ _ _ _  

~~
-

~~~~~
--

~~~s TURN GEW- R C( C F )  none
DI~~ EL ~~N~~ATOR (CF) 0 — minor

— — o o e eL L _ _ _
SFARK I(;~3 ~;N~:, (i~.N(CF) e moderat
_____________ — — 0  o e  — e — —  ——Fu~~ CM~L-FHOS PicID( CFJ~~ ~~~~ I — major
_ _ _ _ _ _ _ _ _ _ _ _ _ _  e —STEAM L1JRB GEN - COAL( CFU — — — — — _ — _ 

-_ —

STEA M flJR B GE N -p I r4cF) — —— — - 5— —  — — - —_ —

STIRLING ENG GEN (CF)

MHD GENERATOR(CF) L Q.. L L L t.. ~~~~. ~~~~ .

)~~~~~ /STEAM G E N ( C F)

Th~~RMIONIC GEN(CF)

~~-b.-J:r
~-1;M ruK~ ~~ N (NF)

~~~~~~~A~4LC VAP TURB (it.NtNfl

~~~ TUR8 ~~~~~~~~~~~~~ 
— — — — — — — — — — — — 
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RFWIQISQTOP~ ~~~~~~~~~ — 
— — — a... — —. — — -5- -5. — —

~~ hM TIJR8 GEN (Spi~AR ;

~~ GANIC VAP TIJRB (spj~Ai.~ )

GAS TURB GEN (SOLAR) .— — — 

_ _ — _ _ 
— —

~ HOTOVOLTAIC (Soi.~R; 
e

WIN~~~~TURB ~~EN TA~t7~~~~~~ 
— — — .— — .— — — -_ — —
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REQUIREMENT PA RAMETER

I 10 KW 1 Hr. 1 - I 8) Location Restrainti
The locational limitations of the power system 1 and the 

bdegree of d i f f i c u l t y  its overcoming these l imi t a t ions  a re  ~~, .~~~~~~

indicated in the following tabulation. ~~ ~~~~
. -  . .c.•

- _ nc • t m t t a tio n  ~ ~ / ~ ~ ~0 - mir~~r l i m i t a t i o n  ~~~
. 

~ .v ~ .c 
~~
‘ 

~~~~e - maj~~r liniit~ t ion d? ~,o
” .-~~~~ eo. 4

Q~ ~~ •;v 4,,

S - overriding limitation c
~~~~~~~

v 4 <. q~f~~(ç ç 
~~ ~~ v ~~J 

j~ 
~~~ 

‘V

I ~b- ~b- 0o. 
.- 
,~q, 

c;~ ~~~ ~~~ . 
s’- ’

0o. e$ 4~~~~ V
<~’ 

~~~~~~‘V ‘V Os ~~~~ 
‘
~V ‘~d ~ .-

_ _ _ _ _ _ _ _  

_ 4 ’ V ..5•

- ~~~~~~~~~~~~~~~~~~~~~~~~
SYSTEM

GAS TURS GE~ - SC C CF ) - 0 I - - - 
, 

-

GAS TURS GEN - RC(CF)

DIESEL GENERATOR(CF) a _

SPPIRK IGN ENG GEN(CF) 
• .

FUEL CELL - PHOS ACID (Cr) ~
STEAM TURD GEN - COP~L(CF )

STEAM TtJRB GEN-OIL(CF)

STIRLIN(, ENG GEN(CF) o • — — — —
M}~D GEt~ERA TOR( c F )  

•

MHD/STEA M GEN (CF)

THERM I ONI C GE~J(CF) ~ ~ ~~~~
.-

STEA M TURB GEN ( N F )

ORGANIC VAP TURB GEN ( NF)

GAS TTJRB GE N ( N F )

RADIOISOTOPE GEN(N F ) : : : _ 
,

STEAM ‘FURS GEN (S OLAR )

OR GANIC VAP ~ JRB ( SOLAR) ~ ~, ~
GAS TURS GE~ (SOLAR) _ o - a — - -
PHOTOVOLTAIC (SOLAR ) 

•
WIND ~~JRB GEN 10-1 

•
WIND TIJRB GEN 10-5 

•
WIND TtJRB GEM 20—1 

•

L WIND TURB GEN 2O-5 
•

I FLYWHEEL STORAGE

DATTERY STORAGE 
- 

.- 
_o_ 

.- ~~ =. :. - - •~

~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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REQUIREME NT PARAMETER

I 
io KW 1 Hr. ~~~ [9) Operational Restrairttsl 

~

The tz’bulited operating ch~sracteri~;tics ~~ ~~
are applicable to the power system as ~~ ~~~ ~~ ~~ ~ ~~

- ‘V~
indicated ~~~ .~~

, •(;-Y ~~~~~~~~~~ Q

- - Character istic not observed J~~3y 
/

in system operation ~~ ~ .4 :./ .4~:v 
~~ 

k$~
0 — Characteristic has minor ~~ • I (,’~~~~ 4 ~ ~y~~ O ~effect on system performance ~~ ~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~

8 — Characteristic has moderate ~~ ~~~~
effect on system per formance .-~~~‘V ~~ o 0

a — Characteristic has major ~~ ,~
b ~~~~~ ~ ~

e f f ec t on sys tem per formc snce ~~
-

~
° 

~~~~~~~~~~~~~ ‘V
e
~~

-5— —-5  —-5— -—- --  —, 

~~ 
‘
~
‘ 

~
‘ e~ ~c 

-
~ ~~~ ~~~~~~ •

~i q ~~~~~~~~~~~~~~~SY ~~ T~~ f~1 t~;) ~ ç~ ç 0 ~~ 
k~)  ‘Y

GAS TURB GEN - S C ( C F )
____ ~~ o — — o o o

GAS T U R B  GEN - R C ( C F )

D I E S E L  G E N E P I I T O R ( C F )  o o — — o o o
S P A R K  IC.~-~

5 ENG GEN - ( C F )  ~~ o ~~~ — o o o
F U E L  C E L L - P!iOS i~C I D ( C F )  

~ _~:_~
T:AM_TURB G i~4-COAL (CF)

STEI\M TURB (~~~~ — O I L ( C F )

STIRLINr, ENG GEN(CF) 
~ ~~ — — o o o

MIlD G E N EP J~~TOR ( C F )

MHD/STFJ~M GEN (CF) ~ 
-

T f l E R M I C~~
J I C G E N( C F )  ~~ ~~ ~~ ~~ ~~ ~ 

-

STEAM TURD G E N ( N F )

ORGANIC V1\P TURB GEi’~( N F )  ~ -

GAS T U R B  G f - N ( N F )

RADIOISOTOPE GEN(NF) o o - — e o o
ST~~A r- ~ T TJ RB GEN ( S O L A R )

ORGANIC VA P TURB (SOLAR) o a — ~~ e —

GAS TtJRB GEN (S OLA R)  a - 
~~ — —

PIIOTOVO LTAI C (SOLAR ) 
•

WIND TURB GEN 10-1 
•

wI~:t) TURB GEt’~ 10-5 •
WI N D TURB GEN 20-1 

•
WIND TURB GC~ 2 0 — 5  

•
FLTh’II EEL STORAGE

1 .TTE RY STORAGE
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REQUIREMENT PARAMETER

I 

io KW 1 HR 
) Jil) Type of System

The power system types, based on USAF definitions
are tabulated below. The following abbreviations are used:

M — mobile system
T — transportable system
F — fixed system

System Type

~~S TURB GEN - SC(CF) M

GAS ThRE GEN - RC(CF) -

DIESEL GEN~~ATOR(CF ) M

SPARK IGN ENG GEN(CF) M

FUEL CEIL-PHOS ACID (CF)

STEAM TURS GEN - COAL(CF) -

STEAM TURB GEN - OIL(CF) -

STIRLING ENG GEN(CF ) M

MMD GENER ATOR(CF) -

MHD/STEAM GEN(CF) -

THERMIONIC GEN(CF) M
STEAM TURB GEN(NF)  -

ORGANIC VAP TURB GEN( N F)  -

GAS TURB GEN(NF ) -

RADIOISOTOPE GEN(NF) T

STEAM TURB GEN (SOLAR) 
— 

-

ORGANIC ‘/AP TURB (SOLAR ) F

GAS TURB GEN (SOLAR) F
PHOTOVOLTAIC (SOLAR ) 

— 
F

WIND TURE GEN 10-1 F

WIND PURB GEN 10-5 F

WIND PURE GEN 20-1 F 
—

WI ND PURE GEN 20-5 F
- 

FLYWHEEL STORAGE F
- 

PATTERY STORAGE 74
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REQUIREMENT PARAMETER

10 KW 1 Hr. 13) Growth Potential 
1

The power systems are ranked below according to their growth
potential , or ability to have their rated power output increased
by incremental amounts. This depends on the degree of modularity
of the system. A fully modular system has the most growth poten-
tial, a non-modular system has none.

System Critical Materials

GAS TURI3 GEM - SC(CF) Not modular

GAS TURB GEN - RC(CF)

DIESEL GENERATOR (CF)

SPARK IGN ENG GEN (CF) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~

FUEL CELL - PROS ACID(CF) Fully modular

STEAM TURD GEN - COAL(CF)

STEAM TURD GEN - OIL(CF)

STIRLING ENG GEN(CF) Not m~~Yuiar, except possibly
_____________________________ 

largest requirements

MIlD GENERA IOR (CF)

MUD/STEAM GEN(CF)

THERMIONIC GEN (CF) Partly modular

STEAM TURB GEN (NF)

ORGANIC VAP TURD GEN (NF)

GAS TURD GEN ( NT’)

RIWIOISOTOPE GEN(NF ) Not modular

STEAM TURD GEN (SOLAR)

ORGANIC VAP TURD (SOLAR) Not modular

GAS TURD GEN (SOLAR) Not modular, except possibly
_____________________________ largest requirements

PUOTOVOLTAIC (SOLAR) Fully nodular

WIND TURD GEM 10—1 Modular for most requirements

WIND TURD GEM 10—5 Modular for most requirements

WIND TURD GEM 20-1 Modular for most requirements

WIND TURD GEN 20—5 Modular for most requirements

FLYWh EEL STORAGE Modular for most requirements

BATTERY STORAGE 
— 

Fully modular 
-

~~~ ~~~~~~~~~~~~~~~~~~ _ _ _
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REQUIREME~~ PARAMETER
I 14) ReLiability/Availability1O K W LH r .  i

The tabulated conditions exist in the
power system to the extent indLcated.

,o~
.

~~~~~~~ 4” ( . 4••v C
~ e. 0 * o .0

.~~~~~~~~,
(. c,

~P 
‘

~~~~~4~~~~~~~~~~~~~ 4

~~~~~~~~0 ~~‘ D 

~ ~~~~ ~~~~
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  40 0 4 

~~~~ ~~~~~~~~~~ 4

# 6 ~ ~*‘.6~ 4
4 ~4 

~~~~SYSTEM

GAS TURB GEN -SC(CF) .2. —( -2. — .  1 -~~ -~~ —~~ - - Condition does not
GAS TU~B GEN -RC(CF) — — — — — — — •exist in system
DIESEL GENERATOR (CF) I _2. ..Q. .~~~ . ~.Q. -~~ ~~~~ -~~~ -

~~
- - condition exists,SPARK 1GM ENG GEN(C F) • o o o o 

~~ 
but its extent is— — 

Suffic2.eflt m~.norFUEL CELL - PROS ACID (CF) 
-

~~ - - . — as to have minimalSTEAM TURB GEN -COAL (CF) — — — — — effect on system— — — — 

performance orSTEAM TURB GEN — OIL(CF) — — — — — — -— — ~~~~~~~ reliability
STIRLING ENG GEN (CF) 0 o 0 - o o j— — — 

e — Conditions extsts,MUD GENERATOR(CF) 
— —- and its extent isMUD/STEA M GEN(CF) sufficient to have— 

a moderate effectT}1ERMIONIC GEN( CF) .2. !. - -  .~~~- .2- .9- on system per form-STEAM TURB GEN(NF) 
-  ance or reliability

ORGANIC VAP TURB GEN(NF) 
— — — — — — — — — - COndition exists

GAS TURS GEN(NF) 
—

~ — — and is a governing— — 

factor in dete~mjn—RADIOISOTOPE GEN(NF) 2. 2.. .2.. 2.. ... .2.. .1- .~~- .
~~
- ing system perform-

STEA M TURS GEM (SOLAR) 
— — — —~ ance and reliabjljt’

ORGANIC VAP TURB (SOLAR ) 0 2.. .2.. - ... .2.. :.. I.
GAS TURB GEM (SOLAR) o o o - o o
PHOTOVOLTAIC (SOLAR) o - - i.. -

WIND TURS GEM 10-]. 0 o I - 
.~~~~ L

WIND TURS GEM 10-5 o o • - o -
WIND TURB GEM 20-]. o o • - o - - -
WIND TURS GEM 20-5 0 Q. L L - t.
FLYWHEEL STORAGE o L ~~~~. .:-.. :_
BATTERY STORAGE o .: ~ 

~~ ~~~~

.
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_ _  _ _ _t REQUIREME NT PARAMETER

10 KW 1 Hr. I 17) ~vai].abiltty of Raw Build—I L ~ng Materials

Construction materials which are critical to the power systems
and are of limited supply in the United States and Free World
countries are listed below.

System Critical Materials

GAS TURB GEN -SC(CF) 
None

• GAS TURB GEN -RC(CF)

DIESEL GENEP.ATOR(CF) 
-

_____________________________ None
SPARK 1GM ENG GEN(CF)

____________________________ None
FUEL CELL - PHOS ACID(CF)

_____________________________ Platinum
STEAM TURB GEN - COAL(CF)

STEAM TURS GEN -OIL(CF)

STIRLING ENG GEN (CF )
________________________________ None
MUD GENERATOR(CF)

MUD/STEAM GEN (CF)

THERMIONIC GEN(CF)
________________________________ None
STEAM TURB GEN(NF)

ORGANIC VAP TURS GEN(NF)

GAS TURB GEN(NF)

RADIOISOTOPE GEN(NF ) 
--

____________________________ None
STEAM TURS GEM (SOLAR)

‘ö
~ GANI C VAP TURB ( SOLAR)

• None
GAS TURB GEM (SOLAR)

___________________________ None
PHOTOVOLTAIC (SOLAR ) Possibly lead for conventional batteries
WIND TURS GEN 10—1. - 

Possibly lead for conventional batteries
WIND ‘I’URB GEM 10—5 Possibly lead for conventional batteries
WIND TURB GEM 20-1

____________________________ Possibly lead for conventional batteries
WIND TURB GEM ~~~~~ Possibly lead for conventional batteries
FLYWHEEL STORAGE

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~n.BATTER Y STORA GE Possibly lead for conventional batteries
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