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FOREWORD

This document, SPS Program Plan and Fconomic Analysis, is Volume VII of
the SPS Concept Definition Study (Contract NAS8-32475), Exhibits A and B, and
also incorporates results of NASA/MSFC in-house effort. The three appendixes
to Volume VII are bound separately:

Appendix A -~ Satellite Power System Work Breakdown Structure ?
Dictionary &

Appendix B - SPS Cost Estimating Relationships

TR TR TR T A T e SRR S S e e, AT ey
+

Appendix C -~ Financial and Operational Concept

Other volumes of the final report that provide additional detail are

:
?
1
!

listed below. ‘ 5
Volume
I Executive Summary
11 SPS System Requirements
II1 SPS Concept Evolution
v SPS Point Design Definition
v Transportation and Operations Analysis
VI SPS5 Technology Requirements and Verification
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1.0 SPS PROGRAM PLAN AND ECONOMIC ANALYSIS

1.1 INTRODUCTION

The demands for energy in the United States are projected Lo increase
dramatically as we approach the year 2000. As a consequence we can expect
greater demand, with increased cost as a result of limitations in the supply
of global energy resources. It is therefore important that alternate sources
be identified to obtain the needed energy. 1In this regard, the possibility
of generating large quantities of electrical power in space and transmitting
it to earth offers just such an opportunity. However, economic and techno-
logical requirements of such a program need to be established with confidence.
This v+ lume considers the economic and programmatic requirements for a recom-
mended SPS solar photovoltalc baseline concept that was established as a
result of work performed by the Rockwell International Space Division under
NASA/MSFC contracts.' The recommended SPS baseline concept is illustrated
in Figure 1.1-1.

1.2 ECONOMIC AND PROGRAM PLANNING PARAMETERS

1.2.1 SPS WORK BREAKDOWN STRUCTURE

8PS economic and programmatic requirements and results presented in this
volume were developed in response to the NASA/MSFC Contract NAS8-32475. The
purpose of this document is to present the results of cost analyses, economic

determinations, and programmatic planning tailored to the magnitude, complexity,

design/producibility, and operational lifetime requirements for this type of
program. In order to promote equitable, complete, and understandable compari-
song of SPS concepts and to maintain compatible economic and programmatic
references, the contract SPS Work Breakdown Structure (WBS) Dictionary? was
used as the initial baseline for the definition and organization of program
elements. This structure gubdivided the program into its lowest elements and
associated these definitions with speclal accounts within phases unique to the
program. Accounts and phases were designated for the DDT&E; Initial Capital
Investment (covers initial procurement and emplacement of eack SPS plant and
equipment); Replacement Capital Investment {(capital asgset replacement over the
8PS operating life); Operations and Maintenance (expendables, minor mainten-
ance, repair crews); and Taxes/Insurance. As this structural interrelationship

lsatellite Power Systems (SPS) Concept Definition Study (NAS8-324753),

March, 1977; and Satellite Power System (SPS) Feasibility Study (NAS8-32161),
August, 1976.

25atellite Power System Work Breakdown Structure Dictionary, Engineering Cost
Group (PP03), Marshall Space Flight Center, IN-PP03-76~1 (November, 1976).

1-1
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provided the capability to view and analyze the SPS from a number of different
programmatic, economic, and management aspects- it was carefully maintained
and updated as a programmatic baseline throughout the atudy.

In addressing overall costs, economics, and programmatics of the SPS pro- !
gram, a series of tasks were concerned with relationships between total con=-
cepts, systems, and elements of the SPS program. The framework for developing
the cogt work, technical plans, and development achedules was consilstent with :
the maintained SPS WBS and dictionary. The regults of current system baselines ;
are documented in the SPS Solar Photovoltaic unique WBS. The WBS was tailored ;
to the requirements of the Rockwell GaAlAs concept with a concentration ratio !
(CR) of 2. Figure l.2-1 displays this structure where each of the elements is
described In the WBS Dictionary of Appendix A.

1.2,2 GUIDELINES AND ASSUMPTIONS

During the contract, a series of SPS guidelines and ground rules were
maintained for the uniform development of SPS technical and economic results.
They are identified in the following statements:

® The SPS initial operational capability is planned for 1998.

® A 5~-GW rectenna power output 1s assumed for the Electric Utility.

® The SPS end-of-life power generation capability is established

at 5 GW. )
® A program buildup scenario of three options (120 - 5GW, 67 - 5GW,
and 28 ~ 56W) is assumed; this report contains economic and pro- A

grammatic results of a 120 - 5GW station program.
® All operational costs will be recovered from operational revenues.

® The DDT&E unit becomes the first satellite of the commercialization
phase.

® DDT&E costs will be amortized over the investment phase of the 8PS
program.

® A 1985 technology base and resource demand/supply conditions will
apply 1in cost calculations.

® A 90-percent payload weight packing factor is used for space
transportation.

® An operational plant load factor of 85 percent is used in calcu-
lating generation costs.

® The cost estimate is in constant mid-1977 prices (7.5% discount
rate),

® The estimate includes the cost of a 30-percent satellite weight
contingency.

SD 78-AP-0023-7
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« ® Advanced transportation s, stems

= Shuttle available in 1981 - SEPS available in 1983
- IUS available in 1981 - Personnel OTV available in 1986

1.3 STUDY TEAM AND INTERFACES

The Rockwell Space Division SPS Program Development team assigned to the
completion of tasks was an integral part of the S5PS program stricture, they
were located within the same area, and conducted regular exchanges with other
members of the staff. In addition to the constant interface with MSFC and
continuing literature searches, a number of contacts were maintained with
organizations such as the following:

® Jet Propulsion Laboratories (JPL) on SPS related documentation
for comparative analysis,

® Flectric Power Research Institute (EPRI) to discuss aspects of

SPS/utility interface.

E.I. DuPont regarding costing information on the satellite con-
centrators (reflectors).

® Southein California Edison (SCE) to discuss SPS financial and
operational concepts on several occasions where organizational
approaches were reviewed on the formation of consortia for the
funding of the SPS ground station segment.,

1.4 MAJOR TASK ACTIVITY—~PROGRAM PLAN

The results documented in this volume evolved through completion of two
major tasks—Program Analysis and Planning, and SPS Cost Analysis., The objec-
tives achieved in the area of program planning were to (1) formulate prelimin-
ary SPS program planning, (2) develop project schedules/networks, and (3) to
address critical items and sensitivities that would be compatible with SPS key
issues as defined in Task 1.0 of the study. These planning data were supported
by requirements/alternatives analyses and trades that culminated in the results
and conclusions of Section 2.0 to this volume., The logilc flow diagram of
Figure 1.4-1 identifies this work activity and illustrates typical processes,
with input and output identification, as followed to arrive at: (1) schedule
sequencing of the SPS program integrating DDT&E, Investment, and Operational
phases; (2) technology plan and supporting schedule assessments; and (3) DDT&E
program plan definition during the Phase C/D period. It should be noted that
programmatic analyses/trades were conducted on several SPS concepts during the
first part of the contract and subsequently focused on the recommended Solar
Photovoltaic concept as the study continued. This report concentrates on that
concept.

1-5
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Program Planning and Analysis :

Individual program plamning requirements have been identified in 15 areas
of the Phase C/D SPS activity of the DDT&E effort and addressed the following

main areas:

® Program Management

Systems Engineering and Integration
Design and Development

Systems Testing

Ground Support

Manufacturing

Product Assurance
Facilities

Ground and Space Operations
Launch Operations

Natural Resource Avail-

ability DRIGINAL PAGR IS

OF POOR QUALITY

1.5 MAJOR TASK ACTIVITY-—ECONOMIC ANALYSIS

8PS cost and economic analyses were perfo
illustrated in Figure 1.5-1. The objectives o
cost baselines, conduct cost’ comparisons/trade
economics, and prepare risk assessments.
were expanded as the study proceeded. These d
the SPS WBS and CER data base in support of co
yses that aided in the selection of alternate
ogy, and verification options. Total program
candidate concepts that evolved into baseline
production, launch, orbital construction, and
estimates (reference Tasks 6.2 and 6.3).

1-6

rmed within five subtasks as
f these tasks were to establish
s, analyze and evaluate SPS

Study guidelines and ground rules

efinitions were consistent with
st trades and sensitivity anal-
subsystems, operations, technol-
cost analyses focused on the
concept definitions of DDT&E,
operations/maintenance cost
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Figure 1.5-1. Fconemie/Cost and Risk Analysis Approach

Financial and economic determinations initially addressed four basic cen-
cepts of how the SPS shall be funded and on how an erganizatienal structure
might evelve to manage this pregram and to provide funding. Further analyses
resulted in a single recommended concept that treated the SPS pregram as being
comprised of a space segment and a ground segment. The work in this area was
completed under Tasks 6.1 and 6.4, and included an analysis of taxes and insur-
ance considerations.

In suppert of this total task activity, the Rockwell Risk Analysis Cem-—
puter Program (RAP-1) was used extensively to obtain cost, risk; and ecenemie
data in support of the various cencepts.
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2,1 INTRODUCTION

s This section of the report documents program planning analyses that
k resulted in the formulation of preliminary program planning requirements,

O schedules/networks, and the identification of critical items and sensitivities
i associated with SPS subsystems and elements, Results of this activity are con-
i sistent with technical and programmatic definitions applicable to the Rockwell
{ Solar Photoveltaic CR-2 Concept and the supporting SPS work breakdown structure
i (WBS). As a main objective, major impacts were identified to the Phasa C/D
E (design, development, and operational) activities leading to the completion of .
|
i
I
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one DNT&E satellite power system with an I0C of 1998.

Most of the key technological issues (as described and planned in Volume VI)
will have been resolved prior to the main Phase C/D effort and, therefore, rech-
nology in that semse is not the real concern of this section of the report.
Rather, the size of the SPS undertaking, its producibility, testing, logistics,
facilitization, and support requirements dictate the main program plan areas
covered in this section (Figure 2,1-1). As a secondary objective, planning areas
requiring substantial effort in the immediate future were identified. This effort
concentrated on the definition of specific problems, the solution of which might
require the longest lead times for accomplishment or ‘mplementation.
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The SPS is a vast'undertaking, requiring commitments of significant magni~-
tude and long duration, Therefore, a well planned and funded SPS program is
essential and the orderly, in-phase development of program plans is necessary
to the accomplishment of long-range objectives and in permitting budgetary
requirements to be established with sufficient lead time to assure commitment.

Success of the 3PS program is critically dependent con bringing together
a number of related system projects, In addition te the satellite and ground
gtation, as major items of operational hardware, associated programs such as
the Space Transportation System and supporting SPS facilities should be con-
durted in parallel and time-phased to interface as an Integral part of a
coordinated SPS program. Failure to complete any of these program efforts, in
keeping with the SPS master schedule (Figure 2.1-2), would result in a corres-
ponding delay in the availability of an operational system to serve as a sig-
nificant natilonal power resource.

2,2 ©PROGRAM PLANS APPROACH

The basic approach in plans development is to establish interrelatiomships
between specific SPS program plan areas and elements of the WBS, Thirteen pro-
gram plans {one divided into three sub~plans) were, therefore, identified and
analyzed against elements of the SPS WBS., When combined with over 60 WBS ele-
ments, the resultant working-level matrix indicated 900 potential intercepts,
At this time, however, we are concerned only with those intercepts for which
long-range planning would be required or where the reguirements analysis indi-
cated major resource considerations, development or producibility concerns,
areas of technology advancement, or suppovt system sensitivity. Accordingly,
Table 2.2~1 identifies the principal areas of intercept as a result of evalu-
ating each plan of the working level matrix in conjunction with the SPS solar
photovoltaic point design data. A total of 133 intercepts were established
in three categories—A, B, and C, There were 39 Category A intercepts indi-
cating the potential need of major resources, technology advancement, or
support system requirements. Thirty-five Catepory B intercepts were secondary
in magnitude, but Important because of the long-term effort. A full descrip-
tion of these categories (including coverage of Category C) is presented in
the following paragraphs.

® Ccategory A - Implementation requires major resources in terms of
manpower, dollars, raw materials or new facilities, ete. High-
voltage test facilities for power distributions equipment is an
example., Major new system programs, critical to the overall SPS
such as Shuttle-derived STS and EOTV, would also fall into this
category. HLLV, while not scheduled to support the prototype,
needs to be time-phased to become operational by IOC to preserve
program continuity. Therefore, HLLV would also be in Category A.
New or greatly improved technology, requiring extensive and long-
term development, would be placed in this category. One example
would be high-rate production capability of thin-film GaAs solar
blankets, Finally, items of special concern—but which may be of
unknown magnitude—are placed in Category A. Examples would be
verification of microwave beam control and utility interface con-
siderations.
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Table 2.2-1.

SPS Program Plans/DDT&E Relationship Matrix
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Table 2.2-1. SPS Program Plans/DDT&E Relationship Matrix (Cont.)
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® category B ~ Requires minor commitment of resources relative to
Category A, but nonetheless, substantial long~term commitment may
be required. An example would be verification tests of the rotary
joint and slip rings.

. Category C - Certain programmatic aspects must be implemented and
maintained over the long term to provide continuity and coordin-
ation. All planning areas should be maintained at some level of

effort, and are so designated at the program management or SE&I
levels,

The next step, as shown in Figure 2.2-1, was to prepare a summary planning
sheet for each of the designated program plans. These were structured to include
(1) a description of the plan; (2) a synopsis of requirements on technical and
programmatic definition, associated with elements of the SPS point design descrip-
tion; (3) major resource considerations; and (5) a discussion sectlon that estah-
lished parameters, guidelines, assumptions, or constraints with regard to the
respective plan. Areas considered critical or important to the completion of a
specific WBS element were researched, identified, and studied. SPS point design
requirements were constantly iterated during this period to develop line item
descriptions, within identified categorles, of Phase C/D DDT&E program planning
concerns., The results of this work are presented on Iimpact sheets as attached
to the various plans included in a subsequent part of this section.

SPS * PLANNING SUMMARY
SOLAR PHOTOVOLTAIC * 5PS PROGRAM PLANS e e
POINT DESIGN = e

.

PROGRAM PLAN S
REQUIREMENTS = Lyl

s

DDT&E - PHASE C/D it
SPS-WBS H SRS
AND -
DICTIONARY DRIGINAL PAGR 1+

OF POOR QUAT"
. ® DDT&E IMPACT SHEET

1P A com o St -j.--an,e__j_

RECOMMENDATIONS
FOR FUTURE
PLANS DEVELOPMENT

Figure 2.2-1. Program Plans Development Logic
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2.3 RECOMMENDATIONS—PROGRAM PLANS

Current effort on program plans is aimed at identifying problem sreas,
Because of the magnitude of the SPS prototype effort and the long lead times
involved, more detailed program plans are suggested to address the period of
Phase C/D projects as they become identified. Plans that deserve early
development are presented as follows:

® Design and Development (Plan 3) -~ This plan is particularly important
in the development of critical components such as the solar blankets
and the large quantity of high-voltage electrical and electronic
equipment. It would also include the development of assembly and
snpport equipment such as beam machines for space operations.

Manufacturing (Plan 6) - Techniques, procedures, tooling, plant lay-
out, work flow for production and checkout of photovoltalc cells,
lightweight blankets, and rectenna modules.

Space Operations (Plan 10) - Provides complete mission profile for
prototype satellite assembly, Strengthens requirements for support-
ing programs (Shuttle-derived STS, HILV, OTV, etc.).

Facilities (Plan 8) - Location, size, support, community facilities,
access, etc., to meet the manufacturing checkout and warehousing.
also needed are plans for system ground test facilities. It may be
important to plan major ground test facilities needed during the
latter technology phase to coincide with sites sultable for expan-
sion to Phase C/D facilities.

Specification Tree (Plan 12) - Include as part of Systems Engineer-
ing and Integration, Plan 2.

As definition continues, another program plan consideration for the SPS is
that covering computer software requirements. Typical areas of coverage would
include manufacturing/test, launch and satellite operations, space operations,
and supporting activities,

2,4 PROGRAM PLANS

The implementation of each plan entails a scope of work such that the sum-
mation of all plans will cover every facit of organization, management, and
hardware/software activity necessary to carry out the Phase C/D SPS efforts.
Although the implementation of certain planning activities may be delayed, it
is necessary to conduct some effort in each plan area throughout all phases of
the program for purposes of coordination and continusty.

Overall program planning requirements, schedules, milestones, and master
network are contained in this part of the report. Program elements are described
as they apply within the program plan area. Special emphasis is placed on any
major or critical area that is likely to have an impact or add some degree of
risk in meeting SPS program objectives, schedules, and cost constraints. Where

2-10
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appropriate, the data are supported with analyses or discussion to provide the

applicable level of assessment based on the SPS concept definition at this
time.

The planning data presented in this section are contained within the
following program plan areas:

1. Program Management

® SPS schedules were developed over the entire program

through 2028, with emphasis on the 1979-1987 period.
These schedules are developed to incorporate NASA,
MSFC and DOE programmatic milestones applying to the
DDT&E phase. On this basis, a series of SPS sched-
ules showing design, development, technology produc-
tion, operations, and commercialization phasing were
developed and have been included in Plan 1 (Program
Management).

2. Systems Engineering and Integration

3. Design and Development

4, Systems Testing

5. Ground Support Equipment (GSE) Design and Development
6. Manufacturing

7. Product Assurance

8. Tacllities

9. Ground Operations
® Ground Integration
® Maintenance and Refurbishment
® Logistics
10, Space Operations
11. Launch Operations

"12. Specification Tree
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SPS DDT&E PROGRAM PLANNING SUMMARY

PLAN[ TITLE
1 PROGRAM MANAGEMENT

1 ment, technology verification, and commercialization phases with the identifi-

PROGRAM PLAN DESCRIPTION:

This plan shall include project schedules showing key milestones, test, deci-
ston points, interfaces with other program elements, hardware deliveries,
facility requirements, major reviews, reporting requirements, etc.; and logic
networks depicting major milestones and the interrzlationship of events and
activities throughout the design, development, operations, technology advance-

cation of critical paths. Any analyses necessary to support the defined
program and schedules shall also be included. Particular emphasis shall be
placed on the 1978-1987 time frame,

All major hardware and software—flight, as wel) as GSE—required for the
development and operational phases, and identified in other sections, shall
be scheduled, including any hardware, equipment, and services required to be
Government furnished and any long-lead hardware.

Major make-or-buy assumptions used In developing the recommended program shall
be identified with supporting rationale.

SPS POINT DESIGN PROGRAM REQUIREMENTS:

Solar Photovoltaic CR~2 Concept Definition

30-Year Design Life with Maintenance

5-CW Constant Busbar Qutput at End of Life
Satellite-DDTEE Configuration

SPS Phase C/D DDT&E Program Coverage

1998 .10C for DDTSE SPS Operation

State-of-the-Art Technology, 1986

Technology Verification Period, 1978-1987

Planning in Accordwnce with SPS Work Breakdown Structure
SPS Schedule and Network Approach

Specify Key Milestones, Decision Points, iInterfaces
ldentify Make-or-Buy Approach

RESOURCE CONSIDERATIONS:

® Technical and Management Personnel

-Program Planning and Control -Support Management
~Engineering Management ~Qualtity Assurance Management
~Manufacturing Management -Configuration Management
~Contract Administration -Data Management

® Support Materials Equipment and Facilities

PREGEDING PAGE BLANN T8/
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DISCUSSION:

The Program Management Plan addresses all schedules, logic, budget planning,
and decision-making functions. Its implementation produces only sof tware.
However, it Is the only level at which all SPS activities are coordinated. It
is also the level at which major system interfaces occur, such as between
satellite/rectenna and satellite/STS. Therefore, although it repreSents no
Imajor impact on its own, it is essential that the Plan be started early and
updated continuously to reflect both current activity and future planning at
this summary level.

Major systems which are coordinated through this plan are:

Satellite

Ground Station

Space Assembly and Support Facility
Heavy Life Launch Vehicle

‘Space Transportation System

Orbital Transfer Vehicles

One function of the Plan is to assure continui. »nd an orderly transition
from Phase C/D through 10C and into the operational phase. Often, large pro-
grams encounter peaks and valleys in funding and manpower needs. When these
occur, the overall economy I's normally elastic enough to accommodate such
changes; such is not the case for SPS. Due to the huge size cf the SP5 under-
taking and the order-of-magnitude ircrease In resource requirements after 10C,
it is essential to plan an orderly buildup as a continuous process during
Phase C/D and beyond. Only in this way can a healthy economy be maintained
and the solar resource be exploited without a large gap occurring between 10C
and significant operational buildup. The Program Management Plan provides: the
vehicle for planning this buildup and making the necessary transition. As an
example, the HLLV will not be operational during Phase C/D. However, its
development will require a major program which must be time-phased to inte-
grate with the overall SPS in the 10C time frame as an essential element in
follow-on construction and operation of multiple systems. A listing of SP$
1978-2005 control milestones is represented in Table 1-1, and incorporates
planning data from MSFC, NASA, and DOE sources

SPS Program Schedules’

The objectives, magnitude, complexity, and duration of the SPS program demand
an orderly and logical approach that will provide full implementation of pro-
gram projects to achieve an operational SPS consistent with the plan. Accord-
ingly, a major requirement existed for the development of fully integrated

2-14
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Table 1~1, SPS Program Milestones
MILESTONE*DESCRIPTION " DATE PHASES OF SPS WBS

SPS RECOMMENDED BASELINE CONCEPT DECISION . 1978 ADVANCED STUDIES

CRITICAL COMPONENT/SUBSYST POINT DESIGN ANALYSIS CONPLITE 1980 ADVANCED STUDIES

PROTO SATELLITE FULL-SCALE DEVELOPMENT DECISION {LONG LEAD END OF 1980 | DESIGN, DEVELOPMENT, TEST,
TRANSPORTATION & SUPPORT FACILITIES DEVELOPMENT) AND EVALUATION
" INTEGRATED GROUND/SORTIE TEST PROGRAM START . 1981 ADVANCED STUDIES

GRD RADIATION TEST FACILITY PROJECT COMPLETE 1984 ADVANCED STUDIES

SORTIE BASELINE SHUTTLE AVAILABLE 1982 ADVANCED STUDIES
FULL-SCALE FACILITIES & SUPPORT EQUIP DEVELOPMENT START 1982 DOTEE

25 KW POWER MODULE AVAILABLE 1983 ACUANCED STUDYES

ASSY SIMULATION FACILITY & EQUIPMENT PROJECT COMPLETE 1984 ADVALICED STUDIES

EXTENDED DURATION ORBITER AVAILABLE 1984 ADV. STUDVES/DOTSE
SATELLITE PROJECT OPERATIONAL 1o oo ) en IMENTAL 198 | ADVANCED STUDIES
HATERIAL/COMPONENT PILOT PRODUCTION FACILITIZATION AND '

EQUIPHENT DEVELGPMENT DECISION 1985 80Tk

PROTO-AUTOMATED CONSTRUCTION EQUIPHENT PRELIMINARY DESIGN 1985 —

AND DEVELOPMENT COMPLETE : ;

23g33g4?ngésogg::o:g:;L:¥g SUBSYSTEM ?ERFORHANCE TEST AND 1987 ADVANCED STUDIES

COMMERC 1AL PHASE FACILITIZATION DEVELOPHMENT DECISION END OF 1987 | INVESTMENT

LOW-COST FWTD COMMERCIAL HLLY TRANSP SYST DEV DECISION 1988 INVESTHENT

SHUTTLE-DER IVED HLLY DEV COMPL & INIT OP FLEET UNIT AVAIL 1989 DDTEE

INITIAL SHUTTLE-DERIVED PERSONNEL CARRIER AVAILABLE 1989 DOTSE '

ORBITAL FULL~SCALE STRUCTURAL ANTENNA FABRICATION AND 1991 BOTEE

ASSEMBLY DEMONSTRATION COMPLETE

PROTOTYPE PRODUCTION (COMPONENTS/SUBSYST) OPERATIONS START 1590 DDTLE

LED LOGISTICS & MAINTENANCE SUPPORT BASE OPERATIONAL " 1989 DDTEE .
LEO/GEO SPACE CONSTRULTION FACILITY OPERATIONAL 1992 DOTEE L
RECTENNA LAND IMPROVEMENT OPERATIONS START 1993 DOTEE A fé;
START LED PRIMARY STRUCTURE FAB & ASSY OPERATIONS 1992 DPTEE <§? Ay
GW BUILDUP PLAN (RATE & TOTAL CAPACITY) DETERMINATION 1992 INVESTMENT R, SC'
MATERIAL/COMPONENT COMMERCIAL PHASE PRODUCTION SUPPORT ' 1993 INVESTMENT :E; &
FACILIT(ZATION DECISION - . &
RECTENNA PANEL INSTALLATION OPERATIONS START 1994 DDTEE é? §
LED PROTOC 'ORBITAL CONSTRUCTION OPERATIONS COMPLETE 1995 DDTEE Qé? &,
RECTENNA PROTO FAC EQUIP INSTALL & INTEG COMPL 1996 0DT6E S
PROTO SATELLITE (1-GW CAF) GEO ASSY & INTEG COMPL 1996 DOTEE

PROTO SPS (1-GW CAP) OPERATIONAL DEMO COMPL 1997 DDTEE

COMMERCIAL IMPLEMENTATION PHASE MID/END 1998 INVESTHENT
"SATELLITE/RECTENNA §-GW EXPANSION COMPLETE {10C) 1998 DOTSE

15-GW/YR BUILDUP PLATEAU CAPABILITY (HIGH CASE) 2000 INVESTMENT

20-GW/YR BUILDUP PLATEAU CAPABILITY {HIGH CASE) 2005 INVESTHENT

2=15
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schedules/networks at all levels of the multi-faceted WBS. To provide an
overall control of the scheduling activity, control milestones were estab-

lished and maintained in a logic network of integrated program activities,
as shown in Figure 1-1,

The network divides the .program milestones into four major sub-categories
which include technology verification and full-scale proto development,
support facilities and equipment development, support transportation develop-
ment, major programmatic development, and continuation decision points. These
milestones logically support succeeding events in their own sub-categories
and, in certain cases, logically support and impact succeeding milestone
ever.ts in other sub-categories,

The central catalyst for development of the satellite power systems and its
primary supporting equipment and facilities is the SPS decision category of
milestones, Examination of the network will demonstrate that supporting
equipment and facility development encompass a scope of effort nearly equal
to development of the satellite system itself; therefore, with due consider-
ation taken for the technical lead times required for development of each
major subsystem, an overall plan was established that incorporates parallel
development of the several major subsystems in order that their timely
completion supports the major satellite system development objectives.,

To initiate and sustain these separate developmental subprograms, the
decision milestone sequence was developed., Timely promulgation of these
decisions will undoubtedly exercise overriding impact on the overall program
progress. Further, justification for each of these decisions—for the most
part—will be predicated on achievement of specified goals within a sub-
program and may be only casually related to the results of major efforts in
other subprograms at that point in time.

As an example, the manufacturing technology development for proto production
of the GaAs solar cell blanket will be based upon results of an intensive
lab, ground/sortie experimental development and test program effort being
conducted through the mid 1980's. However, an integrated geosynchronous
orbital test system program (utilizing the beam-mapper GEOSAT being developed
on another subprogram) will provide the ultimate validity to the previously
developed technical specification, and will not culminate until late 1987.
Since initiation of a subprogram to develop a proto production specification
and design/development of specialized equipment and facilities needed to
produce this specification must start in late 1985 in order to support the
proto satellite operational requirements of the early 1990's, a decision to
develop proto production equipment and facilities contingent upon completion
and evaluation of the Orbital Test Program would make a substantial delay in

2-16
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" incorporate improvements resulting from the Orbita) System Test Program, a

completion and test of the proto satelllte system in 1997 highly probable,
Thus, while proto production solar blanket development may well be able to

decision "to develop' cannot await the test program completion and evaluation.

The SPS program, as a multi-faceted endeavor, will encompass major parallel
supportive developmental efforts whose progress milestones have a very broad
based interrelatlionship to each other and to the final end objective. Timely
development Implementation declisions in the several major program areas
(contingent upon substantive achievement within its own parameters and
tempered by progress evaluation in specifically established related areas)
will be the pacing factors in development of thls energy system.

To accommodate these inherent program conditions and still provide program
visibility and cohesiveness of tasks and objectives, schedule exhibits have
been organized into three primary phases:

1. Technology Development/Verification Program from 1978-1988.

2, DDT&E (Phase C/D) Full-Scale Development Program during
the time period 1981 through 1998,

3. Commercial Development Program over the time period 1988
through 2028,

All three of these main program segments are presented on the SPS Summary
Master Program Schedule {(Figure 1-2) addressing the period 1978-2005. Tech-
nology activities fall into three sub-level phases of exploratory analysis
(1978-1980), component development {1981-1986), and integrated ground/sortie
test programs (1981-1988). The technology items scheduled during this period
are elements of the satellite and ground station system, as detailed in the
Technology Development Plan. Emphasis in each of these areas is intended

to provide the necessary proof of concept essential to the DDTEE success of
power conversion, microwave, power distribution, and structures systems
designs.

The DDTSE, Phase C/D Full-Scale Development, will build on the technology
program emphasizing space and ground segment component/subsystem developments
and testing. The objective is to develop a fully integrated program activity
that combines major technology advancements with other ground/space program
elements that will evolve into a 1-GW SPS proto demonstration in 1997, leading
to the full-scale demonstration of a 5-GW SPS in late 1998. This effort wil®
involve other major program projects such as the Space Shuttle, orbital
transportation systems, and space assembly/support facilities.
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