
Table 2

LAUNCH SCHEDULE FOR MAJOR PROGRAM ELEMENTS

Item

Earth-orbital Manned

Living Module

Working Module

Nuclear Power Module

Lunar Program
Lunar Station Module

Lunar Base

STS
Shuttle
Nuclear Ferry
Lunar Tug
Saturn V
Saturn V (downrated)

Orbital Fuel Depot

Shuttle Flights
(includes military)

Year

175 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90

1
2
3
2

2
1

2

1 3

41 31

2 2

1 1

34 34 53 52 62 58 56 60 59 59 66 66
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to be effective, although in early 1980 a peak is evident for plans 2
and 4 because of 'concurrent shuttle and lunar program developments.
Plan 3, the one that delays the space station rather than the shuttle,
does not reduce the mid-'70 peak as much as 2 or 4, but it also has no
sharp peak in Che early '80s. Also shown in Fig. 2 are the total costs
of each of the alternate space plans. There is little to choose one
over another.

Plans 5-8 are in essence plans 1-4 without a lunar program com-
ponent. Figure 3 shows comparative year-by-year costs for these four
plans (5-8) as well as their cumulative costs through 1990. The cost
trends noted for plans 1-4 also apply for these four plans, except
that peaks caused by the lunar program in the early 1980s are substan-
tially reduced. The total cumulative costs are also less than above.

Consider now implementing these plans but without a shuttle (or
its development cost). Ignoring- potential perturbations in space pro-

*grams due to differences in peak funding levels, we assume that each
of the above plans is unaltered except for the shuttle and that modi-
fied hardware (Apollo, Titan III) will be employed to support the
manned (and large unmanned) payloads. Figure 4 shows the cumulative
savings (loses) for each program associated with developing the 50K
shuttle. In only one case, plan 1, does the shuttle pay for itself by
1990 and in this case the savings are quite marginal. Increases in
the RDT&E or operating costs would quickly deplete any savings indi-
cated. Because of substantial uncertainties in the shuttle's RDT&E
and refurbishment costs, such an increase might well be anticipated.

Consider in addition abandoning the entire STS (i.e., the shuttle,
the nuclear ferry, the Lunar Tug, the orbital fuel depot, and an orbit-
to-orbit chemical shuttle for synchronous orbit flights). The increase
in total costs through 1990 (over the simple no shuttle case) is in
excess of $3 billion- for plan 1. As this cost gain is achieved in

It might be noted that removing the shuttle program altogether 1
1diminishes substantially most of the peak funding problems mentionedabove, i.e., if no shuttle is developed, much of the pressure for de-laying other programs would be relieved.
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less than 10 years operational lifetime for the lunar specific elements

a lunar program without the nuclear ferry and the reusable lunar tug

is economically unwise.

Total costs through 1990 for plans 1-4 are nearly the same des-

pite apparent large differences in the pace of these programs. It is

clear that these different plans are not entirely equivalent in their

effects on U.S.-manned spaceflight activities. Delaying the space sta-

tion program can only hurt these activities and delay eventual U.S.

manned exploitation of space and its characteristics. It is also clear

that delaying the shuttle's IOC date past that of the space station

costs NASA money (about $300 million per year for a I2-man station).

We urge some serious study of the tradeoffs between peak funding prob-

lems associated with concurrent shuttle/station development, the loss

to U.S.-manned spaceflight associated with funding the shuttle first,

and the added yearly costs (to NASA and DOD) associated with giving

priority funding to the station.

THE CASE FOR A SMALLER PAYLOAD SHUTTLE

There is some doubt that 50,000 pounds is the most cost-effective

size for the shuttle's payload capacity. A smaller payload shuttle,

while giving up some traffic capability, would cost less than the larger

shuttle to develop and purchase. Furthermore, it probably has fewer

development problems and could be available sooner. The basic question

to be answered is whether the loss of traffic capacity plus the addi-

tional number of flights required for some missions is compensated for

by the reduced RDT6E and investment costs.

Figure 4 also shows the cost savings associated with a smaller

25,000 lb shuttle for plann 1, 4, and 5. The smaller shuttle is mon.:

cost effective than its larger brother in all cases shown. Furthermore,

it becomes even more attractive than the larger shuttle when total space

costs are reduced (as in case 5), showing an overall cost advantage of

$2.3 billion dollars by 1990.

While the smaller shuttle reduces the total cost, it costs the

military additional moa:/ to support a large payload 1aunch2s that
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cannot be accommodated in the 25K shuttle. The traffic rates for NASA

increase substantially for support of the lunar program, but other

program traffic requirements do not significantly change. The princi-

pal differences in the 25,000-lb payload shuttle and the 50,000-lb

payload shuttle (both have 10,000 cu ft cargo bays) are:

o significantly lower developments costs

o slightly higher operational cost per pound of
payload

;o the traffic rates are nearly the same as there are
very few missions requiring payloads in excess of
25,000 pounds

It is worth noting that the reduced R&D cost for the smaller shuttle

alleviates to a degree the funding peak problems.

WILL SATELLITE COST SAVINGS JUSTIFY THE SHUTTLE? 

We have often seen it asserted that the availability of a low-cost
Earth orbital space transportation system will inexorably lead to
significant savings in total space operations costs, over and above
those directly associated with launch vehicles, because of the attendant
effects upon payload costs and effectiveness. One can assume that R&D
and satellite .hardware costs would be significantly reduced if satellites
did not have to be designed to an irreducable minimum weight. While
the magnitude of these additional savings is often implied to be great,
or at least sufficient to erase any nagging doubts about the attractive-
ness of the shuttle, it remains unquantified. Quantifying these sav-
ings is admittedly a difficult if not impossible task. Nevertheless,
before we can recommend their use to influence a decision on an eco-
nomically questionable shuttle development program, some bound on their
magnitude must be found.

The problem of finding an upper hound on these estimates divides

naturally into two parts; how much money idealistically can be saved,

and what fraction of this money can realistically be saved. Neither

part has a ready answer. With regard to the former, only a portion
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of the entire space budget (less transportation costs of course) will

be influenced by lowered launch costs. Certain space programs, partic-

ularly those involving manned spaceflight, will continue to demand

expenditures essentially unaltered by the existence of the shuttle.

Other payloads, such as hydrogen fuel for the nuclear ferry, are simply

not subject to cost-benefit tradeoffs. Still, a fairly large number

of satellites, mainly military, mostly small in size and weight (less

than 10,000 lbs) are theoretically subject to design savings as a re-

sult of reduced launch costs per payload weight. For the military and

civilian space programs mentioned above, we have tentatively estimated

the total costs of these programs as lying between $1.5 billion and

$2.0 billion per year.

If most of these costs could be saved through satellite redesign,

then the economic attractiveness of a shuttle could be substantial.

For an appropriate set of assumptions, it can be shown that reducing

the launch costs (C
L
) by a fraction f leads to a fractional decrease

in total system costs equal to F, where

C
L
/C

p 
(C
L
/C

p
)+1

F f

**
and where C is the current satellite costs. F depends only on f and

We assume that total system costs are minimized for future systems
for both current launch costs and for those assumed for the shuttle.
Any gains shown are the differences between optimally designed systems.
However, it is possible that future systems using current launch hardware
would not be optimally designed, for whatever reasons present systems are
not optimally designed. It is possible that the presence of a shuttle
could have a catalytic effect, changing present design and management
procedures to permit cost minimization to occur. In such a case, the
shuttle could chow larger cost savings than indicated here. However, we
do not feel that such savings are properly attributed to the shuttle's
reduced launch cost.

**
This result is taken from work by Carl Builder, of The Rand Cor-

poration, and will be the subject of a forthcoming Rand Research Memo-
randum.
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the ratio of current launch to current payload costs. As F is always

greater than f, the total satellite system cost savings never exceed

in percent those for the transportation costs. This simply means that

large system cost savings can only comr, about with large percentage

savings in launch costs.

In order to bound the cost savings, assume that each shuttle flight

is completely filled (thus showing the lowest cost per pound into orbit).
**

f may be estimated to be as low as 0.1. For this estimate, total

satellite cost savings between $150 and $300 million dollars per year

might be anticipated. While these savings are not negligible, nor are they

sufficiently large aF: to constitute such a bonanza that any doubts

about the shuttle's economic attractiveness are dispelled.

Potential satellite cost savings do impact somewhat on which alter-

native space plans are Treferred. Most of the satellite savings come

from systems likely to be funded Independent of the existence of the

shuttle or the peak funding problems discussed above. These savings

favor programs that call for early shuttle development. Figure 5 shows

the shuttle's economic attractiveness where satellite cost savings of

$200 million per year have been added.

We have said nothing thus far about potential cost savings arising

from the recovery, reuse, or in orbit maintenance of satellites. The

shuttle, with its low recurring cost per .launch and its return payload

capability, is well suited to encouraging satellite systells designed

to allow reuse and/or maintenance in orbit. Estimating potential cost

*
This implies that no sudden increase in savings should be anti-

cipated with marginal launch vehicle savings.
**

When calculating a value for f, care must be taken to include in

the recurring shuttle flight costs the cost of amortizing the shuttle's

investment costs. Were this cost ignored, or simply added into the RDT&E

costs, the minimization of the total space system costs would be incor-

rect.
***

We. might note that the 25K-lb payload shuttle does not offer

as great an opportunity for satellite redesign; in fact, many military
payloads, while small in size and weight, require a total shuttle pay-

load of nearly 25 K at present designs because they require large eN

propulsion modules to place then into synchronous orbit.

•
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savings requires detailed examination of individual systems. To our

knowledge no one has yet carried out these studies and we can only

guess at the potential space system cost savings. These satellite cost

savings probably affect a smaller percentage of the space budget than

that of satellite redesign, but the fraction of that theoretical cost

actually saved may be considerably higher. As an order of magnitude

estimate, we place these cost savings as about equal to those for

satellite redesign, i.e., neither negligible nor overwhelmingly large.

OTHER CONSIDERATIONS

If neither total tranoportation cost savings nor total satellite

cost savings are sufficient to justify the shuttle's large RDT&E ex-

pense, then those seeking justification must look elsewhere. A number

of suggestions regarding "other attributes" of the shuttle that might

tip the decision in the shuttle's favor have been mentioned elsewhere.

Most involve convenience of operation or an enhanced use of space. We

shall not discuss the former, other than question how much this country

would really be willing to pay for it. Arguments about the increased

use of space, however, imply a major impact on the space program and

deserve further consideration.

It is a matter of faith that low-cost transportation to Earth

orbit will open up space in a manner impossible to accurately predict.

If space transportation follows other transportation systems, the'im-

pact of low-cost transportation may be difficult to overestimate. But

how low does this cost have to be for space to be truly exploitable.

It is clear that space transportation systems have a long way yet to go

before space will be available to the general public.
11 Tourism, and the

like, require a reduction in recurring costs of at least an order of

magnitude below those promised for the shuttle. Nor does it seem likely

The systems affected are probably the same as those subject to
satellite redesign. However some systems located in synchronous orbit
cannot cost-effectively be recovered or maintained in orbit, hence the
smaller total budget affected. But satellite reuse should reduce hard-
ware costs to an absolute minimum, as satellite refurbishment require-
ments should be few.


