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Abstract: It is shown that the energy requirements for interstellar 
colonization exceed that for intraplanetary colonization by a factor 
of ten m i l l i o n or p e r h a p s m u c h m o r e . This is o f f e r e d as an a r g u m e n t 
against extensive interstellar colonization as a means of dealing with 
p o p u l a t i o n e x p a n s i o n , and as a p o s s i b l e e x p l a n a t i o n of the Fermi 
paradox . 

I m p r e s s i v e a r g u m e n t s t h a t we m a y b e t h e f i r s t t e c h n i c a l 
c i v i l i z a t i o n in the g a l a x y h a v e been b u i l t on the h y p o t h e s i s that 
i n t e r s t e l l a r c o l o n i z a t i o n w o u l d be an i m p e r a t i v e for t e c h n i c a l 
c i v i l i z a t i o n s of our level of achievement. In these arguments, it is 
p o i n t e d out that e v e n a m o d e s t rate of e x p a n s i v e i n t e r s t e l l a r 
c o l o n i z a t i o n w o u l d c a u s e the c o l o n i e s of a c i v i l i z a t i o n to o c c u p y 
e s s e n t i a l l y e v e r y h a b i t a b l e p l a n e t in a g a l a x y in a time v e r y s h o r t 
compared to the age of the galaxy or to the time scales of biological 
evolution. Typical time scales to occupy a galaxy are of the order of 
100 m i l l i o n y e a r s or l e s s . It is then a r g u e d that it is not n e c e s s a r y 
for a significant fraction of civilizations to embark on colonization 
e n t e r p r i s e s for the e n t i r e g a l a x y to be o c c u p i e d ; if o n l y one 
c i v i l i z a t i o n e m b a r k s on such an e n t e r p r i s e , the e n t i r e g a l a x y is 
coloni zed . 

But no i n t e r s t e l l a r c o l o n i s t s h a v e c o m e to the e a r t h , to our 
k n o w l d g e . T h e r e f o r e , d e s p i t e the fact that a r e c u r r e n t s c i e n t i f i c 
i n f o r m a t i o n s u g g e s t s that m a n y t e c h n i c a l c i v i l i z a t i o n s s h o u l d h a v e 
d e v e l o p e d b e f o r e u s , it is c o n c l u d e d that we must be the first 
technical c i v i l i z a t i o n in the galaxy. 

The c o n f l i c t b e t w e e n the h y p o t h e s i s that t h e r e s h o u l d be m a n y 
t e c h n i c a l c i v i l i z a t i o n s o l d e r than o u r s and the h y p o t h e s i s of the 
i n e v i t a b i l i t y of i n t e r s t e l l a r c o l o n i z a t i o n is known as the "Fermi 
Paradox", since it was apparently first recognized as an intellectual 
problem by Enrico Fermi. 

A number of solutions to the Fermi paradox have been proposed: 

1) We are the first technical c i v i l i z a t i o n in the galaxy, 
the solution mentioned above. 

2) There are severe hazards to interstellar travel. It is 
proposed that there are dangerous hazards to interstellar travel which 
are as yet u n d i s c o v e r e d by us. For e x a m p l e , t h e r e m a y be o c c a s i o n a l 
i n t e r s t e l l a r p a r t i c l e s m u c h l a r g e r t h a n t h o s e w e l l - k n o w n to 
astronomers, with dimensions of, say a centimeter or so. These could 
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be lethal projectiles to a spacecraft travelling at velocities of the 
o r d e r of a few p e r c e n t or m o r e of the v e l o c i t y of l i g h t , v e l o c i t i e s 
which seem desirable for interstellar spacecraft. The many studies of 
m e t e o r s w h i c h h a v e b e e n m a d e do not s u p p o r t t h i s idea, or at least 
seem to indicate that such interstellar particles are not present in 
the inner solar system. 

3) Large scale interstellar colonization spreads throughout 
a galaxy by a process similar to gaseous diffusion (Newman and Sagan, 
1981). In this scenario, the "frontier" of the colonized portion of a 
g a l a x y d o e s not m o v e o u t w a r d at the speed with w h i c h a c o l o n y m o v e s 
from one star to the next, but at a much lower speed. C a l c u l a t i o n s by 
N e w m a n and Sagan h a v e s h o w n that the time r e q u i r e d to c o l o n i z e the 
e n t i r e g a l a x y in t h e s e c i r c u m s t a n c e s is of the o r d e r of the age of the 
g a l a x y , and thus it is not s u r p r i s i n g that no c o l o n i s t s h a v e yet 
arrived at the earth. 

4) C i v i l i z a t i o n s in the g a l a x y are a f r a i d to s u p p o r t a 
colonization enterprise because they fear that some of their colonies, 
no l o n g e r under their g o v e r n m e n t a l c o n t r o l , m a y turn on them with 
m i l i t a r y f o r c e . T h e r e is m u c h in h u m a n h i s t o r y to s u p p o r t this kind 
of thinking, but it is unknown whether the human example is relevant 
to the g a l a x y at large. 

5) T h e r e is an e t h i c p r o h i b i t i n g o n e i n t e l l i g e n t 
c i v i l i z a t i o n from intervening in the lives of other civilization. In 
this h y p o t h e s i s , c o l o n i z i n g e x p e d i t i o n s , upon f i n d i n g that t h e r e is 
i n t e l l i g e n t l i f e on e a r t h , a b s t a i n from c o l o n i z i n g the e a r t h or 
o t h e r w i s e i n t e f e r i n g in the c i v i l i z a t i o n on this or other p l a n e t s . 
Human history does not support this idea, of course, nor is there any 
e v i d e n c e that we w o u l d e m b r a c e such an e t h i c if we w e r e e n g a g e d in 
interstellar colonization. Thus there is no case for this hypothesis 
so far. 

6) We are a " z o o " ( B a l l , 1 9 7 3 ) . In this h y p o t h e s i s , the 
h u m a n c i v i l i z a t i o n is a s o u r c e of w o n d e r and p e r h a p s a m u s e m e n t to 
o t h e r c i v i l i z a t i o n s . R a t h e r t h a n c o l o n i z e t h e e a r t h , o t h e r 
c i v i l i z a t i o n s have decided to set it aside as a preserve to be studied 
s u r r e p t i t i o u s l y , just as we o f t e n study v a r i e t i e s of w i l d l i f e from 
" b l i n d s " and by other m e a n s w h i c h c o n c e a l our p r e s e n c e from the 
objects of study. There is no direct evidence to support this rather 
speculative hypothesis. 

A seventh possibility, which I favor, and which can be analyzed 
q u a n t i t a t i v e l y , is that i n t e r s t e l l a r c o l o n i z a t i o n is s i m p l y an 
o u t r a g e o u s l y i n e f f i c i e n t and u n e c o n o m i c a l m e a n s to" d e a l w i t h the 
p r o b l e m of g a i n i n g h a b i t a b l e s p a c e . The c o s t s of the e n t e r p r i s e , 
c o m p a r e d to the c o s t s of s i m p l e r o p t i o n s , are so m u c h g r e a t e r that 
even the most technically sophisticated c i v i l i z a t i o n would eschew such 
an endeavor. 

If the purpose of colonization is to provide habitable space for 
an e v e r i n c r e a s i n g p o p u l a t i o n , t h e r e are two m a i n o p t i o n s . One is 
interstellar colonization of the planets of distant stars; the other 
is the construction of space colonies in the home planetary system, as 
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a d v o c a t e d by G e r a r d O ' N e i l l . The l a t t e r o p t i o n can in p r i n c i p l e 
p r o v i d e s p a c e for an e n o r m o u s number of r e s i d e n t s s i m i l a r to h u m a n 
b e i n g s . The t o t a l a m o u n t of s o l a r e n e r g y a v a i l a b l e from the sun is 
adequate to support something like 1 0 2 2 i n d i v i d u a l s , which is surely 
not a limiting number. 

Let us c o m p a r e as b e s t we can the r e l a t i v e a m o u n t s of e n e r g y 
r e q u i r e d to p u r s u e t h e s e two o p t i o n s . To o b t a i n the m i n i m a l e n e r g y 
r e q u i r e d for i n t e r s t e l l a r c o l o n i z a t i o n , l e t us a s s u m e t h a t a 
colonization spacecraft is going to proceed in interstellar space at a 
v e l o c i t y s u f f i c i e n t to m o v e 10 l i g h t y e a r s in 100 y e a r s . T h i s is a 
r e a s o n a b l e a s s u m p t i o n , s i n c e it is u n l i k e l y that s t a r s p o s s e s s i n g 
habitable planets are closer to one another than ten light years. A 
minimum transit time of 100 years is perhaps p a l a t a b l e , if o n l y barely 
so, to creatures with lifetimes of the order of human lifetimes. The 
i m p l i e d v e l o c i t y is 0.1 of the speed of l i g h t , or 30,000 k i l o m e t e r s 
per second. This is very much faster than can be achieved by existing 
p r o p u l s i o n s y s t e m s . Note that if the s e p a r a t i o n b e t w e e n s t a r s w i t h 
habitable planets is greater than 10 lights years, which is not out of 
the question, or if transit times of less than 100 years are desired, 
as is l i k e l y , the r e q u i r e d v e l o c i t y is g r e a t e r . In any c a s e , w i t h 
this assumption, the required kinetic energy per kilogram is about 4 
10-^ joule. This must be delivered by the propulsion system. 

In c o n t r a s t , the e n e r g y r e q u i r e d to m o v e the same m a s s to an 
orbit in the home planetary system is very much less. Let us take the 
s o l a r s y s t e m and the e a r t h as an e x a m p l e . Let us a s s u m e that we are 
g o i n g to m o v e m a s s to a d i s t a n c e from the e a r t h e q u a l to the moon's 
distance and give it orbital velocity there, as we would with a space 
colony. The required energy is 

GMm + m v 2 . 
R 2 

Here G is the universal gravitational constant, M is the mass of the 
e a r t h , m is the m a s s of the s p a c e c r a f t , R is the d i s t a n c e from the 
center of the earth, and v is the orbital v e l o c i t y of the spacecraft. 
W i t h the r e q u i r e d o r b i t a l v e l o c i t y of a b o u t 1 k i l o m e t e r per s e c o n d , 
the r e q u i r e d e n e r g y per k i l o g r a m is a b o u t 6 1 0 ^ j o u l e . To the 
a c c u r a c i e s w h i c h a r e r e l e v a n t h e r e , t h i s is v e r y n e a r l y the e n e r g y 
r e q u i r e d to e s t a b l i s h a m a s s in o r b i t a n y w h e r e in the inner s o l a r 
system. 

T h u s t h e r a t i o of e n e r g i e s r e q u i r e d for t h e t w o t y p e s of 
colonization are: 

Energy per kilogram for interstellar colonization = 7 1 0 6 

Energy per kilogram for home-system coloni zation 

This enormous ratio would obviously cause civilizations to favor 
colonization in their own systems. 

In fact, t h e r e are a d d i t i o n a l , l e s s c a l c u l a b l e f a c t o r s w h i c h 
would cause the ratio to be considerably larger than the above. The 
mass per colonist in an interstellar spacecraft might be much larger 
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than for an interplanetary spacecraft since longer flight durations 
w o u l d h a v e to be s u p p o r t e d , and t h e r e w o u l d p r o b a b l y be a d d i t i o n a l 
h a z a r d s of s p a c e f l i g h t c a l l i n g for a d d i t i o n a l p r o t e c t i o n s y s t e m s . 
T h i s p o i n t , for first c o l o n i e s , m i g h t be c o u n t e r e d by the fact that 
the m a s s of an e n t i r e i n t e r p l a n e t a r y c o l o n y m a y be l i f t e d from the 
e q u i v a l e n t of e a r t h for at l e a s t the first c o l o n y , w h e r e a s with 
interstellar colonies no such transport of final habitat is required. 
H o w e v e r , as p o i n t e d out by O ' N e i l l , the m a t e r i a l to c o n s t r u c t s p a c e 
colonies is most cheaply obtained from asteroids and s a t e l l i t e s , with 
w h i c h the r e q u i r e d e n e r g y is n e g l i g i b l y s m a l l . T h u s the m a s s per 
c o l o n i s t which m u s t be l i f t e d from a d e e p p o t e n t i a l we 11 w i l l be m u c h 
l e s s for the i n t e r p l a n e t a r y c o l o n i e s w h i c h f o l l o w the first to be 
built, and perhaps for all the colonies. 

The propulsion systems required to obtain relativistic velocities 
c o u l d w e l l be less e f f i c i e n t than those r e q u i r e d to o b t a i n the m u c h 
lower velocities required of interplanetary missions. 

Of certain importance is the fact that, as assumed above, we have 
p r o v i d e d o n l y for the k i n e t i c e n e r g y of t r a n s i t of the i n t e r s t e l l a r 
craft, and we have provided no energy to stop it once it approaches a 
suitable star. With the assumed velocities of the order of 0.1c, this 
is a major problem. The dissipation of kinetic energy through close 
p a s s e s to o b j e c t s in the s t e l l a r s y s t e m , or by a e r o d y n a m i c b r a k i n g , 
are not feasible. To stop the vehicle reliably, it w i l l be necessary 
to use the propulsion system to remove about as much kinetic energy as 
was d e l i v e r e d to the s p a c e c r a f t in the b e g i n n i n g . A s s u m i n g rocket 
s y s t e m c a r r y i n g its own f u e l , this m e a n s the the o v e r a l l m a s s r a t i o 
for the rocket w i l l h a v e to be the s q u a r e of the m a s s ratio of a 
rocket which simply accelerates to full v e l o c i t y with no provision for 
b r a k i n g . If we a s s u m e a m a s s ratio per s t a g e of the order of 10, as 
is p r o b a b l y r e a s o n a b l e , t h i s m e a n s that the t o t a l a m o u n t of e n e r g y 
which must be expended is increased by about a factor of ten in order 
to p r o v i d e for b r a k i n g at the d e s t i n a t i o n . T h u s it w o u l d seem 
reasonable, taking all these effects into account, that the ratio 

o 
Energy required for interstellar colonization = 10° 
Energy required for interplanetary colonization 

The enormous disparity established by this number would strongly 
inhibit any movement to adopt interstellar colonization as a mode of 
territorial expansion. 

T h i s c o n c l u s i o n is v a l i d , of c o u r s e , o n l y if the a m o u n t s of 
energy required are quite substantial. They are. As'shown p r e v i o u s l y 
(Drake, 1 9 8 0 ) , the a m o u n t of e n e r g y r e q u i r e d to m o u n t e v e n a m i n i m a l 
i n t e r s t e l l a r m i s s i o n of the kind a s s u m e d a b o v e is of the o r d e r of 8 
10 1 joules, or 100 times the annual energy production of all energy 
sources in the United States. If we a l l o w the interstellar colony to 
brake, as described above, the amount of energy required for a mission 
becomes probably greater than 8 1 0 2 2 joules, or more than the energy 
produced by the United States in 1000 years. Although it may be argued 
that far b e t t e r or c h e a p e r s o u r c e s of e n e r g y t h a n n o w a v a i l a b l e on 
earth may be a v a i l a b l e to advanced c i v i l i z a t i o n s , the means of storing 
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and t r a n s p o r t i n g e n e r g y w i l l n e v e r be c h e a p , and so the e c o n o m i c 
c o n s e q u e n c e s of such h u g e e n e r g y b u d g e t s w i l l be s i g n i f i c a n t I 
b e l i e v e , no m a t t e r what the l e v e l of t e c h n i c a l s o p h i s t i c a t i o n of 
civilizations. 

It has been argued that intelligent creatures, at least humans, 
conduct costly enterprises which may not seem rational. We have built 
p y r a m i d s , and we h a v e c l i m b e d M o u n t E v e r e s t . It is a r g u e d that a 
p s y c h o l o g i c a l m o t i v a t i o n m i g h t c a u s e c i v i l i z a t i o n s to ignore the 
economics, and embark on interstellar colonization anyway. But there 
are counter examples. We have built a few Concorde aircraft, but upon 
l e a r n i n g of their poor e c o n o m y , we b u i l d them no m o r e . We h a v e had 
for d e c a d e s the a b i l i t y to b u i l d a b u i l d i n g a m i l e h i g h , but no s u c h 
building has been built. The last of the U. S. manned missions to the 
moon were c a n c e l l e d because of their high cost. Thus it is possible 
that a d v a n c e d e x t r a t e r r e s t r i a l c r e a t u r e s do o c c a s i o n a l l y l a u n c h a 
c o l o n i z a t i o n m i s s i o n , or a few such m i s s i o n s . But I w o u l d d e e m it 
l i k e l y t h a t , u p o n seeing the r e s u l t a n t high c o s t - b e n e f i t r a t i o s of 
these missions, they turn away from such e n d e a v o r s . They may launch 
missions of scientific exploration after judging the enormous costs to 
be a c c e p t a b l e . But in n e i t h e r of t h e s e c a s e s , w h i c h I c o n s i d e r 
entirely reasonable, would a a 11-encompassing colonization of all the 
s t a r s in the g a l a x y o c c u r . We w o u l d not k n o w of the e x i s t e n c e of 
these enterprises, even if very many of them had occurred. 

B a s e d on t h e a b o v e c o n s i d e r a t i o n s , I f e e l t h a t a t r u l y 
i n t e l l i g e n t c i v i l i z a t i o n w o u l d not e m b a r k on a grand p r o j e c t of 
interstellar colonization. Colonization of the home planetary system 
is r a t i o n a l , c o l o n i z a t i o n of the s t a r s is i r r a t i o n a l . P e r h a p s our 
radio s e a r c h e s w i l l p r o v i d e e v i d e n c e t h a t , a f t e r a l l , i n t e l l i g e n t 
civilizations b e h a v e intelligently. 
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