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ABSTRACT

Central-place theory plays & crucial role in interpreting the spatial organization of human
activities. Simply, it states that there is a breakeven between the advantages of concentrat-
ing more snd more production and processing in one area and the costs of spreading the products
further and further away. The balance between these pains and costs fixes the sizes of produc-
tion unite and their market areas, which finally appear as a roughly hexagonal checker board.,

A critical parameter is the “transportability” of the product. Low transportation costs favor
large production units and large captive areas, Hydrogen, with its low transportation costs,

as a gas or a¢ a liquid (LE,), is ideally suited as an energy vector for very large nuclear or
fusion primary energy generators,

KEYWORDS

Central-place theory; emergy carriers (hydrogen and electricity); emergy trangportation costs,
spacial energy density; economiee of scale; pipelines.

GENERAL THEORY

Central-place theory rationalizes a compromise between production and transportation cogts
people have azlways reached by trial and error., Peasants carry their goods to & wveekly market
if they can travel there and back in one day. Subtracting marketing hours leaves & couple of
hours walking rime both ways, so these markets draw pecple and goods from s distance of about
16 to 15 km, as has been shown experimentally. The situation is perfectly analogous for a
bakery, an oil refinery, or an ammonia plant. That the area to which they are linked cannot
exceed certain limits defines the size of the plant (Fig. 1).

Thus, saying that large is economical has to be taken with a pinch of salt. For every gitua-

tion there is an optimal size, and only areas with low-level consumption can find small gizes
optimal.

They key element in the very simple mathematics is the econowy of scale in manufacruring,
usually expressed as

C=a Sb »

where C is the cost of the product, 5 the size of the plant, and @ and b are constant. If
b < 1 there is & continuous advantage in increasing size. Analysie of case histories shows

that when a system demands large sizes, technolegy and industry always find a way to provide
the appropriate equipment.

For chewmical plants Z is cften 2/3, whereas for large oil tankers it can be 0.4, These figures
atre only indicative, as they may change under different circumstances and usually fail at the
top end of the scale, because the appropriate technology is still immature when the system is
still prowing. Using literature pre-dating the great commotion about nuclear energy I found
consistently b values of around 0.45 for nuclear reators. This powerful econowy of scale is
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uvnderstandable since the core volume grows in proportion to the power, but many other factors,
such as control, buildings, and land, stay basically the same.

The counterpart to production economics is the cost of tramsporting the product, which also has
economies of scale. A large pipe carries gas more economically than & small one, such thar,
approximately, the transportation cost is inversely proportional to the dismeter of the pipe.
But the &mwount carried is dependent on the cubic power of the diameter, Bo to obtain am economy
of scale requires large changes in the volumes transported.

Transportation costs are often quite stiff, especially where the product is carried in separate
units, as with truckloads, rail cars, or barges. Ip such cases the size of the plants is
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basically sensitive only to the spatial intensity of the market. This occurs in the U.5., as
ehown in Figs. 2 and 3 where the size of ammonia and ethylene plants are given together with
the size of the market during the last 30 years.

I first used this kind of analysis about ten years ago when trying to find the underlying res-
sones for Western countries changing their primary energy source from wood to coal to oil te gaE.
Of the innumerable factors that may affect this change, the strongest appears to be linked to
economies of scale in the exploitation and transportation of primary emergy sources.

Sources with large economies of scale are preferable when the scale becomes larger, i.e., when
the market growe. So the independent variable in the evolution of the system becomds spatial
changes in intensity of emergy consumption and pot calendar time, i.e., technological develop-
went. Natural gas wag used in China 1000 years ago, in special cases, and also rotary drilling,
but the techrique made economic sense ooly for a large city ( Beijing) with gas fields nearby.
During the last 30 years, oo the one hand, total energy consumption has increased grestly, on
the other, the population has departed from the land and concentrated in cities, This created
an essential prerequisite for the developwent of matural ges grids and of its increasing con-
sugption. In other words, the econowies of scale of transporting natural gas make it the number
one candidate for providing the energy of the future. How different primary fuels strive glo-
bally for their share of the markets is shown inp Fig. &.

A special case of an energy infrastructure is provided by the electricity system, There was much
discussion in the late 19705 about which gize nuclear power stations were best. The arguments
were very mixed, but the above renders the problem clear: the question has no mesning out of
context. The optimal size of the generating station is determined by the spatial intensity of

consumption (kﬂ/kmz) and has relatively little to do with the technical capacity to build larger
and hopefully cheaper nuclear power stations.
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Fig. 2. Relation between largest plaut size and production in the U.S., ammonia.
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Fig. 3. Relation between largest plant size and production in the U.E., ethylene.
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Fig. 4. World primary energy substitution. Source: N, Nakicenovic (1984).
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