ECONOMIC ANALYSIS OF THE
SPACE SHUTTLE SYSTEM

Study directed by

Klaus P. Heiss

and
Oskar Morgenstern

for the

National Aeronautics and Space Administration

under Contract NASW - 2081

January 31, 1972

Yolume |




ACKNOWLEDGEMENTS

The Report on Economic Analysis of the Space Shuttle System

has been prepared for the National Aeronautics and Space Administration
under Contract NASW-2081 dated June 4, 1970 by the Advanced Technology
Economics Group at MATHEMATICA, Inc. during the past seven months.

Dr. Klaus P, Heiss, Director of Advanced Technology Economics
| and Dr. Oskar Morgenstern, Chairman of the Board of MATHEMATICA, Inc,
have been fully responsible for the overall conception, approach and imple-

mentation of the economic analysis of the Space Shuttle System.
The Space Shuttle Study Group included also the following members:

® Dr. Kan Young, who contributed Chapter 7.0 on macro and
micro-economic considerations affecting the Space Shuttle
System decision. The results of his work were a very

important contribution to this study.

& Edward Greenblat, who contributed Chapter B. 0 and was
responsible for the running of the benefit- cost evaluation
programs developed by the Space Shuttle Study Group. His
participation in the economic analysis effort covered all

aspects of this study,

® J. Preston Layton and his technical work group who contributed

Chapters 4.0 and 5.0, the technical description of satellite

payloads as well as space transportation vehicles,

@ Martin Wagner, who contributed Chapter 6.0 of this report on
launch vehicle and pavload costs and had the difficult task to
reconcile the vast amount of industry and NASA data for purposes

of our analysis.

° Dr. Rosalind Seneca, who helped in the review of benefit and

cost theory.

The acknowledgements would be incomplete without mentioning the
contributions, direct and indirect, of Dr. Uwe Reinhardt, who participated

. actively in the earlier reports.

The report also benefitted from the advice and guidance of

‘ Dr. Courtland D, Perkins, a member of our Technical Advisory Group.




ECONOMIC ANALYSIS OF THE SPACE SHUTTLE SYSTEM

Table of Contents

VOLUME I
RESULTS OF THE ECONOMIC ANALYSIS

THE INVESTMENT DECISION PROCESS OF NEW SPACE
TRANSPORTATION SYSTEMS

THE THEORY OF BENEFIT-COST AND COST-EFFECTIVENESS
ANALYSIS

SPACE MISSIONS AND PAYLOADS, 1979-1990

VOLUME IT

ALTERNATIVE CONCEPTS OF SPACE TRANSPORTATION
SYSTEMS

SPACE TRANSPORTATION SYSTEM COSTS AND
UNCERTAINTIES
VOLUME IIL

THE POTENTIAL OF SPACE BUDGET AND THE IMPACT OF
SPACE EXPENDITURE

SUMMARY OF RESULTS OF COST-EFFECTIVENESS ANALYSES




CHAPTER 1.0

RESULTS OF THE ECONOMIC ANALYSIS

Contents

Section

1.1 The Economic Worth of a Space Shuttle System
1.1.1 Results of the May 31, 1971 Analysis
1.1.2 Updated Economic Results on the Economic
Worth of A Space Shuttle System
152 The Most Economic Space Shuttle Configuration

1.2.1 The Objectives of a Reusable Space Trans-
portation System (S5TS)

1.2.2 Space Transportation Systems Considered

1.2.3 Results of the Economic Analysis on Alternative
Space Shuttle Systems

1.3 Funding Constraints: The Development of the Space
Shuttle System and the Projected Budget for NASA

Page
1-1
1-1
I-5

1-13
1-14

1-15
1-18




LIST OF FIGURES

Results of May 31, 1971 Economic Study

Space Shuttle and Tug/Estimated Total Non-recurring
Cost (Billions of 1970 Dollars) RDT&E and Investment
{5 Vehicles Each)

The Economic Benefits of a Space Shuttle System

Expected Benefits and Costs of a TAOS Space Shuttle
System

Recurring Costs (Per Flight) vs. Non-recurring
Costs of Alternate Configurations, September 1971 Data

Recurring Costs (Per Flight) vs, Non-reairring
Costs of Alternate Configurations, November 3, 1971 Data

Recurring Costs (Per Flight) vs Non-recurring
Costs of Alternate Configurations, December 15,1971 Data

Cost-Effective Space Shuttle Systems Defined by
Expected Non-recurring & Recurring Cost Estimates

Economic Trade-off Function for Space Shuttle System
with 514 Shuttle Flight Space Program (1979-1990) and
624 Shuttle Flight Space Program

Economic Trade-off Function for Space Shuttle System
when Social Rate of Discount is Varied from 10% to 5%
and 15% (514 Shuttle Flight Space Program)

Economic Tradeoff Function for Space Shuttle System
when Payload Reuse and Refurbishment Costs are Varied
from 30% to 50% (expected: 39%)

Space Program Costs for 1979-1990 Operations with and
without Space Shuttle Development (TAOS-Configuration,
Reduced Mission Model-514

Net Space Program Cost Differences for 1979-1990
Operations Space Shuttle System Vs. New Expendable
System (TAOS-Configuration, Reduced Mission Model-
514

Macro-Econometric Budget Projections, 1972-1980 Level

1-ii

Page

1-2
1-7

1-27

1-37

1-41

1-47




.15

. 16

» 17

.18

Impact of TAOS Shuttle Development when Net Cost
Difference is Added to Projected NASA Budget for
1972-1980 Period

Impact of TAOS Shuttle Development when Net Cost
Difference is Added to Projected NASA Budget for
1972-1980 Period

Impact of TAOS Shuttle Development when Net Cost
Difference is Financed within Projected NASA Budget
for 1972-1980 Period

Impact of TAOS Shuttle Development when Net
Cost Difference is Financed within Projected NASA
Budget for 1972-1980 Period

1-iii

1-49

1-50

Bt




Table

1. 4

LIST OF TABLES

Life Cycle Cost Summary Data, Scenario 32 - TYPICAL
TAOS and TUG, 1979 I0C, Current Expendable
Svstem (Millions of Undiscounted 1970 Dollars)

Life Cycle Cost Summary Data, Scenario 32 -TYPICAL
TAOS and TUG, 1979 IOC, New Expendable System
(Millions of Undiscounted 1970 Dollars)

Life Cycle Cost Summary Data, Scenario 32 - TYPICAL
TAOS and TUG, 1979 IOC, Space Shuttle Systemn,
(Milliens of Undiscounted 1970 Dollars)

Total Funding Requirements Under Alternative STS,
and Differences for 1979-1990 U. S, Space Program
(NASA and DOD), (Millions of Undiscounted 1970 Dollars)

Impact of Space Shuttle Development on NASA Budget
or Activities, 1972-1980 (In Billions of Undiscounted
1970 Dollars)

1-34

1-44



