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Summary

In comparison to the cities of the industrialized countries of the
world, the urban metropolitan areas of the developing countries have a
much higher likelihood for encountering severely critical shortages of
food, resources, and energy. This crisis situation ié mostly due to the
unprecedented increase in the population of these urban areas (urbaniza-
tion). The promise of a better life brought about by employment and
educational opportunities as well as vastly increased human interaction
all provide an ever present attraction for the poor rural population to
migrate to the urban areas with perceived opportunities. This migration,
superimposed upon an urban birth rate that is still high in many societies
leads to increases in the population of the developing urban regions from
3% to 10% per year.

While the rural dweller most often uses little marketed energy, and
relies upon nonucommercial forms for basic energy requirements, the situa-
tion changes markedly upon the transition to an urban enviromnment. Cities
are engines for development; therefore, increases may be expected in com-
mercial energy use, principally for transportation, electric power, manu-
factured goods, and services.

The coupling of the large increases in urban populations with the
sharp increase in commercial energy use means that the developing countries
often expect 4007% to 6007 increases in energy requirements by the end of
this century, although per capita the rise is still modest. This situation
is in sharp contrast to the energy needs of the industrialized countries
where 507 increases in energy are considered reasonable. Herein indeed

lies an energy crisis with critical portent for the entire world.



A further exacerbation of the energy problem arises in considering
the amount of energy exported from the cities of developing countries to
the rest of the world —— mainly developed. Should the effect be as large
as has emerged from the analyses of Hong Kong and South Korea, then the
requirements for energy demand in the future will be notably greafer than
the quantities we, or any predecessors, have projected. Extrapolations
of demand to 1995 could reach as much as one third of the world total, yet
in the light of probable rising prices it seems unlikely to eventuate.

It is more reasonable to expect that the developing metropolises will
find ways to diminish their energy use. The innovations and responses to
population growth that will develop over the next several decades should
cause unprecedented social, institutional, and environmental changes which
could profoundly affect the developing countries and their urban settlements.

In order to illuminate the various components of urbanism and energy
in the developing regions and how they might respond to this energy crisis,
we have attempted to portray how typical megalopolitan regions will develop
and organize themselves during the next 15-20 years (pointing to the period
when present policy shifts would have maximum impact). From the pictures
that emerge here some insights can be given where technical, organizétional,
substitutional and other techniques may be introduced that can ameliorate
the impending energy crisis.

Among the many critical issues facing the developing country urban
areas some of the more significant energy-related issues are:

e The importance of conservation policies in offsetting increased

demand for energy intensive goods with improved efficiencies
and organization.

® Resource-conserving urban design where new development can occur

in physical and man-made environments which permit quality living

standards with sensitive and wise use of materials, energy and
space.

ii.



e Creation of institutions for transfer of appropriate technologies

e~ S ]

vant for indigenous industry and institutions.
6 The choice of nuclear or non-nuclear sources for the generation of
electricity and how this choice depends on the development of both

indigenous renewable energy sources and energy uses.

¢ The development of energy use data so that policies and planning
can be carried out in an atmosphere of factual information

e The relation between energy decisions and balance of payments

benefits of 1nternat10nal conservation of energy

The centfal concern will undoubtedly be focused first upon food, and
then upon the electrical demand and the associated requirement for liquid
fuels which make the urbanization possible. These two specific sectors will
stimulate the greatest demand for energy use. TIn contrast to the indus-
trialized cities which are better known to us, the social and cultural
differences in the developing countries allow for‘zif}gd counterintuitive
approaches leading to genuinely energy-conservative urban environments.

Our vision of these approaches elaborated here, as they are adapted to
the institutions and organizations of the developing urban regions, unfolds

the following new energy system concepts:

® Technologies and infrastructures to alleviate critical housing
shortages

® Innovative personal transportation services

@ Substitution of telecommunications for personal trével

@ Intensive urban agriculture and urban hydroponics

® Novel waste utilization for high protein food production

e Proliferation of simple solar applications

® Development of urban institutes of science and technology which

integrate with the social and business structure of their host
community

iig.
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Introduction

A great deal more is known about cities, and the process of urbaniza-
tion, than has been recorded. We were asked to address tasks for which
information is poorly recorded in the countries themselves, and even more
imperfectly gathered by institutions in this country. Moreover, a large
proportion of the information presented, particularly in the quantitative
form, may be regarded as convenient fictions. In'all but a few of the
metropolitan areas we discuss, there is no quality control over the basic
data offered, but even graver difficulties are encountered with what is
left out.

We have the anomaly then of seeing international aggregate data pre-
sented by official agencies being privately disavowed by the responsible
professionals in the respective areas. Moreover, leading professionals in
the respective areas in most, but not all, LDC metropolises do not see any
way out of their local predicament. We have agreed upon a different outlook;
it is éssumed that solutioﬁs will be found if there are explicit precedents
somewhere in the world where problems of that type and of equivalent dimen-
sions have been solved. We are even more hopeful that further investigation
and intensive organization can bring new knowledge to the crucial problems
facing cities in developing countries, but obviously cannot predict the
results in advance.

If macro-economic models cannot be trusted for anything more than
dimensional scaling, what then can be done? We have depended upon our
powers of observation. Within the team assembled fgr this study more than

forty cities in the developing world have been visited for purposes other



than tourism, and many lived in for much longer periods. All through this
assessment of issues we have attempted to go to the nub of the problems as
experienced at various levels of analysis. When statements are made with-
out attribution to authority about conditions in LDC cities, the reader
must assume that it rests upon the experience of the team, The investi-
gators are ourselves, and the written sources are a long list of working
papers and unpublished reports or dissertafion drafts, but an even larger
fraction of the basic data draws upon memorable experience. Very little
in.library literature covers the period since 1971, whereas the bulk of our
experience has been accumulated since then. These sources are not cipable
because they primarily treat energy as a minor issue in complex urban
affairs; they draw upon arguments made about water, or self-help housing,
or food, sometimes even recreation, which have significance for energy use.

We have introduced some of the available published data as samples
showing the huge amount of wvariation from one city to another, and have
added our reservations about their meaning for the future. The important
outcome is the specification of options, the things that can be done to
save resources, particularly energy, thus postponing the time that new pro-
duction capacity needs to be introduced. We have also taken a closer look
at the highest growth regions to see if the demographic projections, based
upon the most dependable data available, are reliable. Can those numbers
be sustained in that region?

The task we undertook was sixfold; it was completed with varying
degrees of thoroughness, but much additional material was added.
Our first intension was to "identify specific energy demand components. "
The data available suggested tenfold and greater variations not only in

components, but also in totals; however, much more often nothing at all is



reported. Therefore, one cannot propose policies which depend upon either
local or aggregate data; very different approaches must be originated. The
second intention was to "characterize different patterns of urbanization
according to energy intensity along with opportunities for reduced energy
use." The most significant differentiation is by size, since growth in
population and area requires superimposition of‘§¢w kinds of energy~dependent
infrastructure,

The third was to look at 'lifestyles and energy use patterned by
culture." This was accomplished only qualititatively, as in Table 3, which
shows the kinds of variations observed in five different LDC metropolitan
areas. The principle of diversity is fundamental, because it shows how one
needs to proceed in further research and action. When analyzing the forth-
coming glohal urban system (Figures 6 and 7) we are able to foresee some
kinds of cultural convergence, at least in the central districts, brought on
by shared telecommunications and air traffic. The fourth intention on "food
and water supply...waste disposal' led only to qualitative generalizations,
but very promising opportunities were suggested that could introduce consid-
erable savings in the future.

The fifth asked for policy recommendations. This is a time for con-
structive change in aid-giving relationships, so it is possible to offer a
rich set of promising institutional arrangements sponsoring energy substitu-
tion and conservation. The sixth intention asked for specific projects; we
have responded with eight non-routine categories which seem to have the
highest priority if we are to prevent future disasters, including those

L)

arising from a severe shortage of energy.



We have gone on to identify eleven foci for the most rapid urban settle-
ment between now and 1995. The specific opportunities available to each
of these must be studied thoroughly, first for the feasibility for
accomodating the population pressure, and then for the most propitious
means for coping with the demand for energy (Table 7). Some brief hints
as to the varying outlooks for several of these most rapidly growing metro-
politan regions are provided in the appendices.

This seven week study was started at a time when all research assist-
ants normally available had already been hired, and the libraries and
laboratories were due to be shut down for the holidays. We could solve
the personnel problem by finding Third World graduate students who were
allowed to work a quarter time on scholarships —— if it was relevant to
their studies. We had very restricted access to the repositories of
knowledge and data. Civen the quality of the information, this difficulty
was turned into an advantage -- it forced us to use a broader range of

knowledge resources.



Justification for Extrapolations

A roundabout procedure for estimation has had to be applied
in order to attach some dimensions to what were first formulated
as intuitive semi-quantitative relationships. A thorough assess-
ment of the world energy market (excluding Communist areas) has
recently appeared from the Massachusetts Institute of Technology
Workshop on Alternative Energy Strategies (WAES) with contributors
from fifteen countries (Wilson, 1977). 1In the appendix they pre-
pared a special analysis of the supply and demand for energy from
developing countries. The units they employed were millions of
barrels per day of oil equivalents (2.2 x 10'8 joules/yr or 2.1
"quads" per year or 530 x 10'? kilocalories/yr).

In 1972, which was the last full year at’' the old prices for
petroleum, the developing countries consumed about 15% of the
world's energy. By the vear 2000 it was expected that this group
(which includes OPEC countries) would use 25% and would still be
expanding rapidly. The WAES subdivided the developing category
into three groups, for which independent projections were made:

1. Lower income countries with annual per capita incomes under
'$200 at current prices. These twenty countries include only India,
Pakistan, Bangladesh, and Ethiopia with million size cities. Of
their estimated 1005 million population im 1975 (83% in South Asia)
about 207 is urban.

2. Middle income countries range from $200 to $2000 per capita
income at current prices. These fifty-three political units (the
largest of which are Brazil, Mexico, Ghana, Turkey, and South
Korea) contained about 632 million people (25% in East Asia, 30%

in Africa, and the remainder almost entirely in Latin America).
Their urbanization ranges from 20-80% not counting city states, but
the average is around 50%.

3, OPEC countries with a wide range of per capita incomes. There
are thirteen altogether, counting the United Arab Emirates as one.
Countries with million size cities are Algeria, Ecuador, Indonesia,
Iran, Iraq, Nigeria, and Venezuela. Their total population was

292 million in 1975. The average level of urbanization approxi-
mates 30%, but is rising much more rapidly than any other grouping.

Thus, for all of these developing economies the WAES estimates
1929 million people in 1975, as compared to 732 million for the
industrialized economies. Our estimates suggest that there are
roughly equal numbers of urbanites in both categories at 600 mil-
lions apiece. If we make the reasonable assumption that surplus
people from rural areas in these societies will be urbanized, the
industrialized metropolises would add about 40% to their population
by the year 2000 while those in developing countries would almost
quadruple (rising to 2,300,000,000) and still be growing at a rapid rate.



The WAES study left out of account in their supply and demand
estimates all the non-commercial energy sources (wood, agricultur-
al waste, cow dung, etc.). Therefore, about 907 of energy used
in developing countries that they do consider will be expended in
cities and in transport between them. This is not really different
from that of the industrialized countries, since the heavy energy-
using industries (other than aluminum and fossil fuel production)
are urban, and urban residents have higher incomes than the rural
consumers. Income growth is what the WAES projected from 1960
through the present to the year 2000, according to a "high" and a
"low" rate of growth for the world economy. They then hypothesized
changes in the income elasticity of demand for energy for each cate-
tory of economy (which ranged from 1.12 for OPEC countries to 1.90
for lower income African countries in the 1960-72 period, and 1.28
overall, based upon World Bank data) which causes the demand for
energy to grow only a little more rapidly than income, assuming the
price of oil goes up another 507 after 1985,

The estimated energy requirements for all developing countries
would rise about 5007% by the year 2000, remaining 907% urban over
this period by our own judgement, thus per capita consumption cal-
culated in the manner of the WAES would rise only 35%. However,
much of the energy consumption would take place as petrochemicals
and metallurgicals production in the richest OPEC countries, which
by then would be highly industrialized. After making that adjust-
ment we come to the conclusion that for non-OPEC developing coun-
tries per capita demand should rise 15-20% over
the remainder of the century. That fits very well with our preconcep-
tion of what can be achieved between now and then.

The WAES study goes on to make heroic estimates about the
supply of energy. The non-OPEC countries would need to be net importers of
1-2 units (10-20% of their requirements) throughout this period.

The alternatives for the respective metropolitan areas are to
import OPEC petroleum or to build nuclear power plants. The actual
demand for nuclear power generation cannot be calculated from this
aggregated analysis, but must start from the possibilities open to
each power grid for meeting local demand. The WAES study suggests
a three-fold range in nuclear capacity by the end of the century.

Significantly, the WAES estimates of energy requirements for
the developing countries are likely to be on the low side since they
did not distinguish between urban growth and overall population
growth, which proceeds at roughly double the present growth rate in
the countryside. This is likely to incorporate a significant bias
in their energy use calculations, since in developing countries the
energy sources (wood, agricultural waste, cow dung, etc.) are pri-
marily non-market. In the estimates of energy demand the appropri-
ate growth rate should be the urban growth rate, or something
possibly even greater, because many of these cities will be producing
manufactures for export to developed countries. The point is appropriate
in any future which presumes that the countryside retains approximately
the present total population, with the urban regions absorbing the
increases in population through migration.



This "massive migration" scenario is highly probable, since
most rural areas are clearly overcrowded already, and most cities
actually have the capacity, based upon available land and presumably
available infrastructure, to absorb the surplus being created by the
population increase. We have discovered some metropolises where
that pressure is not likely to be sustained, but then alternative
urban settlement programs appear feasible. Even with per capita
urban energy consumption in developing countries remaining what it
was in 1972, total consumption would then reach some 70 quads in 1995,
nearly 25% larger than the WAES prediction based upon current con-
ditions.



Statement of the Problem

Approximately 80% of the energy, and of the commodities with high
energy content, are consumed in the cities of the world -- even though they
possess only 407 of the population. In the future both proportions will be
higher. Because surplus people now being born in the countryside find
sources of livelihood most often in urban regions, the cities will take
almost all the future expansion in world population.

The future expansion of world urban population three to four genera-
tions hence dimplies an increase by 300-5007% in demand for urban residence
(Fig. 1). Calculations suggest that this outcome is technically feasible;
quite a few more than eight billion people could be provided an adequate
living in cities, despite the exhaustion of fossil fuels (Meier, 1974, 1976a).
The cities of the fﬁture will need to be physically organized quite differ-
ently from present arrangements, but the essential qualities of urban life
can be maintained and probably improved. A number of resource-conserving
technologies and institutions will be required by the cities in the presently
developed areas of the world, as well as the less developed, in order to
meet these expectations (Fig. 2). These technologies need to be created
over the next several decades, if they are to be ready at the time petroleum
and gas supplies decline rapidly (2000-20207?).

People use more marketed energy in the cities than in the countryside —-
although this differential disappears as societies mature, reaching a steady
state in population and economic opportunity. Therefore, the anticipated
growth in urbanization generates an intense demand for more energy substi-
tutes. Fortunately the bulk of the new growth in urban population is

expected to occur in semi-tropical and tropical regions, mostly along coastal



10

PROSPECTIVE GLOBAL URBAN POPULATION

POPULATION
10°

1900 1950 2000 2050

Fig. 1. Prospective Global Urban Population

9a-



TREND CHANGES IN ENERGY CONSUMPTION LEVELS

ENERGY

CONSUMPTION

LEVELS \

\
\
AN
AN
AN
N
N
~N
~
ADVANCED CITIES ~ -
~
I L - /
7 -
- /
- pd

- s

e /
v
! LDC CITIES

1900 71950 "2000 2050

Fig. 2. Trend Changes in energy consumption Levels
(metric tons of coal equivalent per capita per year)

9b



10

strips, where requirements for comfort and transport are more economical to
meet than in the temperate zone where the Industrial Revolution first took
hold. Transport and energy-intensive materials are more substitutable than
food or thermal comfort, which demand greater inputs in colder climates.
Too often it is claimed that fuels expended in urban living are lost.
The energy flows to the surroundings in the form of heat -- eventually it
is radiated back to outer space as infra-red waves producing a huge increase
in entropy in the process. However, cities simuitaneously accumulate negen-—
tropy; the potential quantities retained are much more than what the same
people could save if they are distributed throughout the countryside. This
negentropy takes the form of artifacts, of communications, and of distrib-
uted knowledge recorded in various forms. DPeople organize themselves into
firms, cooperatives, associations, communities, schools, clubs, and service
groups to take advantage of the potentials created by the accessibility
and specialization present in the city. A rich diversity of cultural out-
put can arise from that kind of organizational foundation, but it can fail
to appear if the city is crippled by resource scarcities or internal conflict.
The task with which human civilization as a whole is confronted involves
finding a transition to a resource-conserving urban structure which allows
the complex, productive life to be lived in a few hundred most favorable
regions, recognizing that the simple life, attuned to nature, will remain
available to a minority scattered throughout the habitable areas. Given
the energy demands upon future energy resources, the problem is the pros-
pective cost increase in resource availability. The application of knowledge
of all kinds to the devélopment of new arrangements appears likely to find

solutions. Developed societies will find it advantageous to consume less
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energy; less developed societies will need to learn much earlier how to

get the most (whether welfare, capital, negentropy or human organization)

from the energy available,

Mobilization of Human Potential for Development

People are attracted to cities as long as opportunities there are
superior to those in the countryside. (Fig. 3). The degree of attraction varies
greatly from region to region and from stage to stage in the demographic
transition (from high fertility and high mortality to low mortality followed
by low fertility). Added pressures include strain on the carrying capacity
of the hinterland for human population, politico-religious conflicts, cul-
tural centralization, and several other influences important for a few
restricted parts of the world (Findley, 1977). Thus, we have tried to
estimate the present accumulation of population for the largest agglomera-
tions, developed and underdeveloped (Table One). The sources are United
Nations reports, Rand McNally Atlas estimates, and occasional recent reports
from administrators in the respective metropolitan areas who are knowledge-
able about reporting errors and enumeration problems. The demographic
dimensions in Table One should be regarded as reasonable approximations of
the numbers of residents within territories equivalent to the Standard
Metropolitan Statistical Areas in the United States. A second list proposes
a set of estimated sizes, based upon as many variables as relate to the
available data, for 1995 (Table Two). It will be noted that some of the
urban regions are growing together and forming supercities or megalopolises.

The concern for the future around 1995 is based upon the observation

that decisions taken now will require at least until 1980 to gain acceptance
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Urban Region

Tokyo-Yokohama
New York

Table One

MAJOR URBAN REGIONS -- 1978

Osaka-Kyoto-Kobe

*Mexico City
Moscow
~ London
*Cairo
*Sao Paulo
Paris
Los Angeles
*Calcutta
*Buenos Aires
*Seoul
*Rio de Janeiro
#Shanghai
Chicago
*Bombay
#Manila
*Jakarta
#Delhi
*Peking
Philadelphia
Leningrad
Detroit
Ruhr

San Francisco-0akland-San Jose

* An LDC region, and growing rapidly

Estimated Population

(millions)

24.0
24,0
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14.0
12.6
12.0
11.8
11.5
11.4
10.3
10.2
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Table Two
MAJOR URBAN REGIONS -- 1995

Urban Region ' Estimated Population
(millions)
Tokaido (Tokyo, Nagoya, Kyoto, Osaka, Kobe) 50
*"Paulo-Janeiro" (Saoc Paulo, Rio de Janeiro) 45
"Boswash" (Boston, Hartford, NY, Phila, Balt, Wash) 43
*Nile Delta (Cairo, Alexandria) 40
*Mexico City 28
*Calcutta-Kharagpur-Haldia 22
*Shanghai 20
Moscow 20
"CalSouth" (Los Angeles, San Diego, Tijuana) 19
*Bombay 19
*Jakarta 18
*Manila 17
*Delhi 17
Seoul 16
Buenos Aires 14
Paris 14
*Karachi 13
London 13
*Bankok ’ 12
*Peking , 12
*Lima 11
Chicago 11
Leningrad 10
*Wuhan 10

* still growing rapidly due to immigration
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by the Office of Management and Budget and by Congress -- our dominant
proposers and disposers. It would take two more years to carry out pilot
tests with contractors, recruit core staff, and establish working relations
with officials in a number of key LDC metropolises, followed by the initia-
tion of a few early projects. Two more years at least are needed to build
"assembly lines" for hundreds of projects that would bring together tens

of thousands of prbfessionals (there and here). Because these projects are
innovations for the most part when carried out in the respective environ-
ments, more than half of them should fail within two years (if this "infant
mortality" for projects is not recorded, it will be because the overall
program was designed so timidly it could not possibly deal with the scale of
the problems). Surviving projects normally turn the Eorner into some path
to success in two or three years and show maximal return to society five

or sc years after that (Fig. 4).

Therefore, the whole resource-conserving program for cities of the
world should be addressed to conditions anticipated about 1995, rather than
those described in recent field reporés (mostly written in the 1970-5
period).

Because of the huge increase in numbers in the course of this transi-
tion, the total consumption of the LDC cities must continue to increase.
The alternative is to fall below subsistence levels, with unprecedented
human sufféring and eventual loss of life. In the long run the needs in
LDC's are expected to exceed those of advanced cities, even though some
LDC cities graduate from that category to join the advanced group (Fig. 2).
The Japanese cities have done this recently, and Teheran, Singapore, and

Caracas are undertaking it at present.
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TIME SCALE FOR PROJECTS IN
APPROPRIATE URBAN TECHNOLOGY

RETURNS

R Frailure 1 Failure 2.,..

Moderate Success

Fig. 4. Time Scale for Projects in Appropriate Urban Technology
(An algebraic model for optimizing investment in search for

appropriate technology and prototype development is provided by

R.E. Evenson and Y, Kislev "A Stochastic Model of Applied Research,"
Journal of Political Economy 84, 1976, 265-81.)
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Issues and Opportunities

The issues and opportunities facing present American foreign policy

regarding energy uses in rapidly growing LDC cities include the following:

1. Conservation policy. By general agreement, based upon recent evolution
of measurement techniques, efficiency improvements apply to a production
process; they answer the question of "how to get more output from less
input." Concepts of conservation suggest that it is possible to "obtain
more satisfactions ffom the available outputs." This can be done by elim-
inating waste at the point of consumption, by aﬁpropriate recycling, or by
shifting cultural values. Because salvage is necessarily quite efficient
in LDC urbanization, the net savings from conservation are expected to be
small. At the same time such cities will have large numbers of people
recently arrived from the poorest rural districts attempting to rise above
subsistence. They will inevitably consume more energy on the average even
if the price is high, as they become fully urbanized, although they would
consume much more if they patterned themselves after present advanced
urbanites. Thus moderate savings in such cities will be counterbalanced
by the increased equity in energy distribution. We see in Table Two that
significant increases in per capita consumption are expected, in contrast
to marked savings, mainly from conservation procedures, in the advanced
cities. These savings attributed to conservation should show up primarily
in fossil fuels and electric power, and much less in the utilization of
biomass, since conservation of biomass is achieved most often through the
use of well—tested traditional methods available within the culture.

2. Resource-conserving urban design. The appropriate technologies will

be needed as quickly as possible for burgeoning LDC cities: an important

fraction of such technologies may then be fitted into the reconstruction of
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mature, developed cities. Population pressures, climatic conditions,
natural hazards, cuisine preferences, and local politics combine to require
many variants in design.

3. Institutions for the transfer of appropriate urban technologies.

Existing international institutions, such as the World Bank and the multi-

national corporations, are production-oriented. They are ill-fitted to the
development of projects designed to enhance the efficiency of consumption.

Quick-acting alternative organizational forms are required.

4. Dependence upon nuclear fuels. The demand for electrical power built

up in LDC cities will depend very heavily upon procedures for installing
efficient nutrition, domestic appliances, transport, and intermediate scale
manufactures. The demand that exceeds local hydro, geothermal, and miscel-
laneous local sources will appear as a demand for nuclear power and imported
fossil fuel.

5. End use data in energy. Improving the overall utilization efficiency

for human purposes requires the collection of quite new kinds of urban data.
For their planning and rationing the respective countries and regions will
want to collect information about (a) the energy flows through a city,

(b) the installed capacities for consuming energy, and (c) the inequities
in distribution of goods and services created by inadequate supply. What
information to collect, and how to assemble it with promptness and relia-
bility, will be a joint enterprise to be carried out with other countries
for years to come.,

6. Balance of payments. Although the balance of payments issues are very

pressing at the moment, and the ultimate effects of resource-conserving
urban design will contribute to the achievement of balance, other equili-

brating forces have much more immediate effects. This point need not be
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pursued further at this time.

7. Overriding justification for making grants in aid. Given the world

market in energy, any amount that is conserved elsewhere in the world helps

us as well as those who save energy. With reduced world demand the pressure
to raise prices. is reduced, so monopolistic collusion is threatened, and

the price the United States is expected to pay for its imports would be less.
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Conceptual Model of Urban Growth --
Patterns of Urbanization

Since data for the consumption of energy in various metropolitan
regions are scattered and almost universally out of date, a mode of stage-
wise development helps focus the strategies for energy conservation. All
cities accumulate special facilities and services as they grow and evolve,
irrespective of culture, geography or political preferences.

Cities over five million people are singled out for special attention
because they have special infrastructure requirements competing for capital
and attention. A short list of their needs includes:

(Those that demand extra energy are rated +, conserve energy -, and

indifferent are 0)

(+) a fully equipped international airport

(0) rail mass transit (principal corridors)

(-) high volume telecommunications centers

(-) top rank professional schools

(-) major R & D laboratories

(+) a center for multinational corporation and banking headquarters

(+) a shopping district with multiple major department stores

(0) pacemaking cultural facilities (museums, etc.)

" (~) mass production higher education

(+) an enclave of residential hotels (high~rise)

(0) high volume containerized cargo handling

(0) o0il and LNG processing and storage

(=) industrial estate for continuous flow processes

(+) a market for distribution of perishable and exotic foods

(+) high voltage electrical grid

(0) power plant sites at a safe distance

etc.
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Many smaller metropolises have acquired most of these features, but urban
settlements with more than five million residents are under extraordinary
pressure to install all of them; the local influentials keep pressing for
such infrastructures beéause the absence of them reduces their capacity to
compete with their counterparts in other metro regions. The largest metro-
polises will link up with lesser centers to justify the highest level
services; in the process they form a megalopolitan strip. Then air shuttles,
high speed rail lines (rivalling the Japanese Shinkansen), convention
centers, data processing networks and world headquarters for multinationals
are superimposed upon the ordinary metropolitan services, to integrate a
sequence of urban centers and form a megalopolis.

Isolated smaller metropolises, say in the two to five million popula-
tion range, can be operated competitively over the next decade by iﬁstalling
the following:

(=) transit system with express buses

(0) "world class" export dindustry

(-) regional produce market

(+) first class central business district

(+) downtown cosmopolitan apartment district

(+) medical specialties training center

(~) high performance telephone system

(=) dependable power grid (multiple stations)

etc.
These middling metropolises normally support smaller proportions of profes-
sionals and multilingual workers. A number of primate cities in Africa and
the less dense parts of Asia will expand in this way over the next two

decades.
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Below the two million size we encounter an increasing number of highly
specialized cities. In the LDC's today each of these lesser cities is
expected to possess a major transport terminal, a major organized market,

a wholesaling district, a college, a hospital, a central religious edifice,
a water supply grid, a source of electric power that operates at least until
10 p.m., and a steady‘fuel supply system for households and artisans. Most
people live in neighborhoods or enclaves with an organization resembling
that of a village, but some of these face-to-face communities exhibit true
urban character (master craftsmanship, entrepreneurship, cosmopolitan values,
etc.). The members of such communities have demonstrated their capacity to
find secure niches in any city of the world open to them. All projects in
appropriate urban technology are expected to be initiated locally and sup-
ported by this fully urbanized stratum of the population.

Until now there has been only one comprehensive study of energy use.
The metropolitan structure of Hong Kong was analyzed in consistent detail
from the point of view of the urban ecosystem (Newcombe, 1975, 1977). The
questions concerning specific activities, locales, sub-groups involved, and
timing of fuel and power consumption are basically ecological. In the work
underlying this paper we have reviewed contemporary observations of the
energetics of Seoul (where the data are the most complete), Jakarta, Cairo, Delhi,
Bombay, and Rio de Janeiro. Conversion into waste heat, or maximum rates
of entropy production, served as the signal for consumption, rather than
purchase by, or transfer to, the ultimate consumer. The destinations of
commodities (mainly building materials and foodstuffs) created at the sites

for maximal entropy production were also noted. These observations are

summarized in Table Three.
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Table Three
ENERGY USES BY DOMESTIC FUNCTIONS
IN TYPICAL LDC CITIES

City : Shelter, bldgs & Food distribution Transport Infrastructure &
climate control and cooking other uses
Cairo significant use of animal carts for inner few highways and Tow per capita water
sun dried mud and city deliveries; some subways; busses exten- use; growing use of
kiln-fired red brick; shortage in staples. ding routes; electric electrical appliances,
propane space electric refrigera- rail; cheap taxis, e.g., individual pro-
heating; kerosene for tion spreading, growing use of radio pane hot water units.
heat and light in cooking: propane pre- dispatch. micro Jap- kerosene delivered by
outskirts; electric dominates; kerosene anese vans, hand and carts (horse-drawn or
room heaters grow- as substitute, animal carts for de- pedal powered); trucks
ing. Tiveries. and tricycle for propane.
Bombay average of 3-4 serious food scar- electric trains crow- water very scarce and
stories; plastic seal- city, transported by ded but most depen- seryice intermittent;
ers in hutment roofs., train, 1 ton truck, dable; busses used for LPG distributed by small
electrical light- taxi and hand; sold shorter trips; heavy  vehicle; other fuels
ing, hot water, air in very small quantities. foot traffic. hand carried,
conditioning and fans 2 meals, no refriger~ cars and taxis are Express Tunchbox
for industry and mid- ation. cooking by char- plentiful but very system for industrial
dle class. coal, kerosene+ & wood; expensive. workers,

LPG popular among mid~
dle class but scarce.

Jakarta tile roofs, bamboo processed foods sold heavily pedestrian & except for central city
plaster walls; no from handcarts in personal coolie por- vater carriers used on
heating required; very small units, tage. Also 3 wheel jit- all scales; water supply
room air condit- one hot meal plus neys and small trucks situation worsening; some
ioning for elites, snacks; cooking: with pedicabs on the  sewage collected by
central for offices. wood used by very poor, outskirts of town. hand. hawkers distri-

charcoal used for meat; bute kerosene.
LPG in shpps and rest-
aurants.

Seoul cement block and steel refrigeration in 20 % of bus carries over industrial water use to

for 2/3 of bldgs; households, half of traffic; sub- expand by five times in
central heating in- briquettes used by 70 ¥ way growing; pedes- next 20 yrs., households

creasing; 709 brigu- (subsidized++); 30 % use trian 1/3; private by 1,5.

ette, 30 % petroieum;  propand gas and kero- vehicles and taxis fuels delivered by hand,

room air conditioners sene, under 10 %. scooter and truck,

increasing.

Rio de

Janeiro largely steel and high proportion of can- extremely rapid high proportion served
cement; 10-15 stor- ned and processed foods; growth in gasoline with water and sewerage;
ies, some refrigerated stor- combustion vehicles; large new communities with

electrical room and age. extensive bus system;little or no infrastructure.
some central air con- cooking by LPG and new metro service, electricity and water pi-
ditioning. kerosene, briquettes limited range; hand rated by some squatters.
among poor; few elec- carts.

trical cookers in mid-
dle classes.

Notes:

This table notes departures from typical patterns in developing cities, e.g., modern central sections are
found in most cities, with high rise, cement and steel construction, some central but mostly voom air conditioners;
less permanent buildings in squatter settlements and outlying areas. Food is in adequate supply a]thou%h there are
occasional shortages; limjted storage requires daily turnover. Downtown arteries are congested, high incidence
of gasoline powered vehicles in the centers, Water systems reach one half to two thirds of the population; sewerage
reaches less than half. Electrical service is provided in most central areas.

+ Fuel consumption can vary greatly in different cities of the same country, Firewood, coke and cga] for
instance are more heavily used in Delhi, while charcoal, kerosene and electricity are more important in Bombay.

++ Certain fuels are subsidized and so opportunities for substitution are obscured. Kerosene is subsidized by
the Indian government for instance and briquettes by the Koreans, although a plan was recently announced to sub-
stitute LPG for briquettes to reduce the solid waste problem ip Seoul.
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The uhiquenesses of the respective metropolises stem from the under-
lying cultures maintained by their population and their recent politico-
economic history. Tt will be noted, however, that all the elites of these
fairly representative metropolises are intent upon achieving the highly
energy-consumptive features of American-European-Japanese living arrange-
ments. A very considerable amount of information, education, persuasion,
taxation, and exemplary conduct will be required to change the perceptions
of these elites; some progress has been evident over the last year or so,
but it is only a beginning. "Appropriate consumption' is prerequisite to the
choice of appropriate technologies.

It should be recognized that urban elites now compete with each other
in a manher similar to that of the large multi-product firms, even though
cities are rooted to a site. The principal exports from cities meet with
shifting demand; cities must continually develop new products to prevent
obsolescence of their present sources of livelihood, a loss of capital,
and emigration of their best talent (Fig. 6). Cities with one dominant
export industry are particularly vulnerable. If international trade con-
tinues to expand more rapidly than internal commerce, as it has over the
past three decades, the visible circle of competitors for each major city
becomes worldwide (Fig. 7). The leading elements in metropolitan society
then learn as much from examples set at great distances as they do from

their neighbors, but very differently from the period of colonialism.
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INTERACTION IN THE WORLD URBAN SYSTEM
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Fig. 7 High Level Interaction in the
World Urban System. Examples of Seoul
and Cairo (1977). Scheduled direct
flights per week are an excellent indi-
cator of the relative importance of
those cities for development opportuni-
ties and scurces of livelihood. Note:
ME = Middle East and Arab states in
Africa; NA = North America; AP = East
and South Asia and Pacific; AF = Africa;
EU = Europe.
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Energy Distribution in Growing Urban Regions

Most growth pains felt by metropolises throughout the Third World are

either
lowing

directly or indirectly attributable to energy scarcity. The fol-
symptoms prevail in most places:

emergency food supplies increasingly depend upon the world market
increasing losses of perishable foods before consumption

water reservoirs prove inadequate to emergencies

too few places are available in the schools, at all levels
deterioration of the environment along principal corridors

alarms about potential epidemics

fantastic congestion at bridges and other bottlenecks

overcrowded hospitals and polyclinics

land speculation cycles with sharp booms and breaks

proliferation of informal, poorly controlled settlement

brownouts and power cuts during peak periods

shortages of taxis and other personal transport

some complete breakdowns in public services

neglect of the arts causes increasing complaints

vices seem to flourish (with a wink from top officials)

Other things also go wrong -- sometimes catastrophe strikes in the

form of flood or fire., Yet the damage never seems to be fatal because the

cities

return to normal within weeks or months -- which means that growth

is resumed and the previous complaints are again voiced. The capacity to

reorganize —~— to meet local requirements and adapt to resource constraints —-

is greater than most people (even planners) imagine.
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Certain aspects of the extraordinary variation in patterns of energy
consumption described in Table Three are underscored quantitatively for key
Asian cities in Tables Four and Five. Although it should be noted these
data antedate the 1973 price increases, and therefore do not reflect current
economizing, they do illustrate the range in volume and the proportions of
energy consumed in different urban sectors. For example, Hong Kong went
over to producing large amounts of desalinated water after the energy price
rise, which very much changes the per capita energy consumption, but in a
direction opposite to what would be expected from the price change. Also
in the case of Hong Kong, for which the most complete (but again outdated)
information is available, the domestic sector figures least importantly
among major categories of use, whereas in India the domestic sector is the
most important consumer of energy (Sarkar, 1976). At the same time, the
domestic energy consumption (in joules per capita) for Hong Kong is slightly
more than ten times the value for Bombay and for Delhi. The tables further
point up the idiosyncracies in energy resource availability (see note in
Table Four on local adaptation to available fuels) and in the case of Hong
Kong, to the importance of exported energy. Assuming conservatively tﬁat
60% of the industrial production and 90% of the Bunkers in Hong Kong are
exported, nearly half of the total energy used by the city is exported to
the outside world.

Electrical connections are highly regarded by urban establishments
and households; new customers often wait for years for the power to be
turned on. Almost all systems use the European 220 volt, 50 cycle stan-
dards, usually overloaded. Production levels are low, even for cities with
millions of residents, so the new generators most often installed are in

the 25-100 MW range. A few societies, like India and China, can produce
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Table Four

DOMESTIC CONSUMPTION OF FUELS IN INDIAN CITIES
(per capita 1975)

Fuels Bombay Delhi

anount ot atent amount ot alent

Charcoal, kg. 2.07 60.0 MJ ' 0.81 23.3 MJ
Soft coke, kg. 0.36 5.9 2.42 39.7
Hard coke, kg. 2.03 46.4 1.37 32.0
Coal, kg. - - 2.14 71.6
Firewood, kg. 2.85 52.7 4,68 86.4
Dungcakes, kg. 1.62 25.5 » 0.66 10.3
Kerosene, 1. 1.53 56.3 0.44 16.0
Low pressure gas, kg. 0.50 2.4 0.21 10.4
Electricity, kwh. 0.01 0.1 0.16 0.6
Others, kg. 0.60 9.0 2.32 35.0
TOTAL 280 MJ 325 MJ

Data obtained
the low level

from household surveys. Although offered as representative
of electrical usage and high consumption of wood suggests

that the households come from "jhuggi'" communities (self-constructed) in
Delhi and hutments in Bombay (similar income levels, but built to copes

with a different climate). Overall domestic consumption of fuels will be
greater, but still considerably less than reported for Hong Kong in Table

Five. Source:

P.K. Sarkar, et al., 1976.
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virtually all the components needed for electrification internally, but most
of the Third World metropolises import generators and cable from Europe,
Japan, or America, while they buy switches, meters, and wiring from each
other. Power poles in those cities are most often constructed with concrete
and steel.

What uses for electricity warrant being first in the queue, or wjll pay
the highest prices? Lighting is almost universally foremost -- for commer-
cial buildings first, then for principal streets, and later for homes.

Radio and television can be equally important in those countries where the
programming is relatively uncensored. It, too, is introduced first into
commercial establishments earliest, and homes thereafter. Interestingly,
the poor are usually able to gain access to these media as rapidly as the
middle class because those who are lucky in the lottery obtain sets which
they share with relatives and neighbors. The playing of records and tapes
becomes popular some time after extensive contacts with radio and T.V.

Among the other domestic uses ventilating fans have a high priority,
since most cities are in the tropics, or suffer from a continental climate.
Electric hot plates are common early purchases wherever homes are made of
combustible materials; in brick or mud houses people stick with kerosene
or wood. Refrigerators are widely desired, but not necessarily to preserve
food. 1Initially refrigerators are regarded as status symbols, so retailers
acquire them first, followed by the rising middle class.

Elsewhere in the city, as electrical capacity is expanded, the arti-
sans' shops and smaller factories gradually re-equip themselves with motor-
driven machines for many of their tools. After a decade or two electrical

power becomes as necessary for the small industries back of the bazaar as
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it is to operate installations in the industrial estate at the edge of
settlement. Often the water supply, a most crucial service, uses substan-
tial amounts of power to pump into holding tanks and inner reservoirs.
Only slightly less critical is the electric railway, or tram, which is
usually built so as to produce most of the power it needs.
| The aggregate demand for electricity in LDC cities is not readily
deduced from the occasional statistics which can be found. Quite a few
cities harbor export industries which are heavy users of electrical power;
the per capita figures they report will be too high to apply to all urban
settlement. Unfortunately, it is just such cities with well developed
electrical grids that are likely to publish statistics. If LDC cities are
defined as those with less than $2,000 GDP per capita per year, we should
expect local demand to fall in the range of 100-500 kwh(e) per capita per
year. The very poorest people, often also the latest to arrive from the
village, are observed to be rarely connected to the distribution system
(Table Five). When the household income reaches a level that is above
$1,000 per year (for an average of five persons) and reasonably secure, a
threshold is overcome, since many will then subscribe to a one-ampere
non-metered connection —-- a typical arrangement.

It is also possible to ask the question: For what level of electrical
demand should LDC cities plan, given maximum conservation efforts due to
a shortage of fuel and capital? This estimate presumes a stable urban
livelihood has been achieved and access to a wide range of conveniences is

offered, although not as private possessions. A minimum adequate standard

of living (calculated to yield as much discretionary time for its partici-

pants as exists in the most developed metropolis) for tropical environments
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was estimated to require 12 kwh/capita/month in the household and an equal
amount for urban services outside (Meier, 1974). Thus, an adequate "no
waste' level of consumption is set at around 300 kwh/capita/year. Principal
export industries are extra, and highly variable (in 1971 Hong Kong added
70%, but its industrial composition has changed remarkably since then).

Gas works often serve only the central areas of the city -- a relic
of colonial days. Manufactured gas is used in metal working and food pro-
cessing. Cities fortunate enough to have nearby‘gas fields (mot uncommon
for estuarine sites) will have converted their distribution system to
natural gas. Fertilizer grade ammonia production is generating a rapidly
growing demand for gas.

Liquid fuel is sold to the bulk of the population by hawkers and small
shopkeepers for cooking, light vehicles, and lighting. It is much preferred
over coal, charcoal, and wood because it is cleaner and more convenient.
Some cities organize solid fuel distribution in the form of briquettes or
carbide. The auto-oriented elite and the long distance haulers depend upon
a limited number of petrol stations. Therefore, the range in consumption
of liquid fuels from city to city is even greater than for electric power.

Food may account directly and indirectly for as much as half of the
energy expenditure in Third World cities. 1In the case of Hong Kong, the
imported fuel was traced to the points of consumption, showing that the
locales with the greatest expenditure of calories were the kitchens of the
large public restaurants. Companion studies to this one will document that
the energy costs for fertilizer, harvest, drying, and transport of cereals
amounts to several times the caloric food value, at least at the margin,

for the Third World cities. Many LDC governments develop a basic quota of



34

staples (grain, cooking oil, sugar, tea) at around 2,000 cal/capita/day,
which is made available at cost or even less, thus allowing food rationing
to be introduced very quickly in emergencies.

One of the features of energy distribution most remarkable for Western
observers is the subdivision of the commodities down to very small dimen-
sions —-— kerosene by the beer bottle full, grain products by the half
kilogram, other food by the individual fruit or handful. Shopping is day-
to-day, almost meal-to-meal. This arrangement does not take very much time
because street vendors and corner shops are convenient and open for business
at all hours (McGee, 1977). This pattern of supply means that inventory is
held by middlemen and government, not households. Thus, breakdowns in
distribution can have very serious effects within a few days.

Increases in the demand for energy in Third World cities are expected
to arise in two sectors primarily. The electrical grid will be drawn upon
heavily by the expansion in small scale manufactures, raising its efficiency
and quality of output up to that of the world competition. In most places
(South Asia may be the exception) food prbcessing and preserving is expected
to be the major category of activity seeking more electrical power. The
other growing sector is transport, which should evolve many services to deal
with the increasing size of the cities and the enhanced value of human time.
In most places the greatest expansion of demand will be for the 6-20 pas-
senger jitney (A.K. Meier, 1977). Savings on present uses of energy in
transportation will be achieved through the reduction of waste, rationaliza-
tion of routes, and by taking greater advantage of economies of scale.

The most significant change in the forthcoming decades will occur for

the transport substitutes, especially telephone and the computer software
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that eliminates the necessity for a trip or shipment. Proposals for

" and for "open universities" and secondary schools using T.V.

"telepost,
lectures and examinations, could save more trips (Goldmark, Craig, and
Eginton, 1977). (Movement to the schools is responsible for 20-40% of the
. morning peak in vehicular traffic in many metropolises.) Demonstrations
of the economic feasibility for decentralized office employment appeared
in 1977, thus intrdducing the concept of telework (Harkness, 1977). The
message unit levels in telecommunications are exbécted to grow at rates

of 15-35% per capita per year whenever the equipment is installed that
adds to capacity. Although electric in nature, the new solid state com-—
ponents for telecommunications require no significant quantities of power.
The primary effect is to improve the promptness of provision of services,

add to the quality of work performed, and expand the range of services

offered, without resort to increases in the consumption of energy.

Changing Functions of Great Cities

The social function of a developing metropolis in the period ahead is
to accept the surplus workers from the countryside, find ways of assuring
nutrition, shelter, and freedom from epidemic disease, while educating
their children. The metropolitan environment must propagate productive
organizations to create jobs and a variety of quality institutions which
stimulate further development of talent. It must also offer opportunities
to outside organizations producing exotic goods that are appreciated by its
citizens, enabling the establishment of affiliates or branches, and expe-
diting those homegrown industries and cultural groups which wish to do
likewise elsewhere in the world by maintaining intercity communications

and transport services.
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After the flood of immigrants from the hinterland reduces to a trickle
the city proceeds to construct a service society in rough equilibrium with
with other parts of the world. An effective metropolis will draw capital
and entrepreneurs, managers and technicians, information and scholars,
cultural productions and artists, prestige and tourists (the "stocks" and
"pools" of Fig. 6) away from the others. Advanced metropolises are increas-
ingly involved in this competition. Until very recently the most effective
strategy‘included the provision of an infrastructure allowing extravagant
use for automotives, appliances, and diet. Henceforth, however, cities will
be searching for substitutes for energy-rich styles of consumption in order
to achieve excellence in this competition.

This very brief depiction of the urban system presently coming into

existence has been introduced because it suggests counterintuitive approaches
to urban development. If the most attractive cities in the developed world
emphasize knowledge, culture, and personality growth as substitutes for dis-
play of consumption levels, the aspirants from the Third World will note the
changing rules of the status game and shift their strategies accordingly.
Top executives and technologists still reflect the values of the era during
which they rose to positions of eminence, so they find it difficult to
imagine how conservation techniques can add to the attractiveness of urban
environments, although theoretically they can perceive the advantages
accruing to those cities that plan and bring off major savings without
reduction in the experienced quality of life.

Table Two (pg. 14) reveals a number of urban regions where the popula-
tion growth has come to a virtual halt and the economy also will be settling
into a stable slow-growth state (e.g., Tokaido, "Boswash," London, Chicago);

These are conditions with which urbanists have not yet had experience in modern
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times; they ﬁust therefore learn how to identify the social indicators that
reflect the new norms and promise to guide the restoration of stability
when undesired shifts occur. Under such conditions the consumption per
capita of physical goods would be held constant or even diminish, while
knowledge acquisition and cultural achievement could flower.

These agglomerations must evolve ways of transforming their existing
social and physical capital so as to produce human satisfactions for an
increasingly sophisticated population. Thus, they remain centers for per-
sonal stri?ing, vigorous competition between images, concepts, and styles,
struggles for attention, influence, and power, and the build-up of stresses
that precede reorganizations. The energy allocation institutions will be
under greatest strain.

Technologies Appropriate for Energy Conservation
in Food, Water and Waste

When installing modern infrastructure the cities of the LDC éountries
normally purchase a complete system with specifications that have been
developed for an advanced metropolis, or enabled it to achieve that ranking.
A few standards may be adjusted for climate, differences in stature of the
residents and language, but bésically the system is transferred as a unit.
The opportunities for misfit are very great, with the result that waste
occurs at unexpected places. The losses may continue for many years because
so often it is not possible to make modifications but only peripheral
extensions.

In the energy-consuming sectors the misfits have been greatest in the
choice of standards for personal transportation. Large size American autos

lead very soon to a necessity for extensive street widening and road building
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programs, the separation of shopping from the neighborhoods, and the need
for expensive boulevards and freeways for the principal routes. The latter
are delayed not only because so many people need to be moved to make way
for the vehicles, but the capital required must be borrowed.

The air conditioned highrise office building introduces a new level of
efficiency for some modern management practises, but the transfer to housing
in the form of elevator apartments fits only a few cultures. If the elec-
tric power distribution system is reliable, and peak demands for power ére
met consistently, a decent fit has been achieved. However, a sufficiency
of power -—- when all sources of demand are expanding so rapidly —— is a rare
achievement for an LDC metropolis. Even for the best organized it lasts
only a few years. One of the crucial indicators for emergency into the
"more developed" category (MDC's in the United National parlance) is the
dependability of eleétric ﬁower.

Transport, food production, manufacturing, and domestic requirements
compete strongly with each other for their share of the energy budget. The
enhanced significance of energy as a commodity means that such budgeting
will need to be instituted either at the national level.or in the principal
urban regions. The rapid rates of change and transformation in a growing
LDC metropolis (e.g., 70% of all addresses, 50% of all nodes in networks,
and 60% of the names of residents typically change in a '"normal" decade --
Meier, 1975) suggest that Western administrative approaches based upon
census procedures and formally authorized studies requiring several years
to complete are also inappropriate to the conditions that prevail. LDC
metropolises depend upon external energy, with storage capacity of only a
few weeks to a few‘months, and with a significant likelihood of interrup-

tion of supplies due to such factors as earthquakes, strikes, boycotts,



Table Six

ENERGY COMPONENT IN COMMODITIES AND SERVICES
TMPORTANT FOR URBAN LIVING (U.S.)
(KJ per dollar of final output in U.S. in thousands)

Commodity or Service 1967 1978 Estimates®
Sugar ' 123 54
Cooking 01l 92 63
Flour 73 31
Poultry 76 40
Beef~Tork 69 34
Dairy 66 36
Fish - 63 33
Vegetables 45 23
Fertilizers 183 172
Water 114 ' 56
Cement 506 261
Bricks 360 207
Paper 212 108
Aluminium Products 147 150
Steel Products 132 | 59
Wood Products 51 28
Air Transport 203 112
Rail Transport 82 47
Bicycles 77 .51
Local Transport 71 34
Motion Pictures 35 18
Banking 19 15
Communications 18 14

* 1967 figures were adjusted to reflect anticipated 1978 price
levels. Price indexes are both wholesale and consumer, as

available.
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revolutions, or local wars. The new statistics should be useful for both
management and planning.

At present the standard Census of Manufactures and Census of Commerce
survey urban activities. Electric power consumntion has been routinely
included in the former, but it is often not available in the latter.

Special surveys superimposed upon such censuses have permitted the construc—
tion of an input-output matrix. Because the various sources of energy have
been separated out as independent economic activities (e.g., coal, petfe— |
leum, natural gas, hydroelectric) it has been possible to calculate the
"energy content" per unit of money value in as many as 480 categories of
activity, but the data manipulation effort required many years. The»current
energy requirements have been greatly changed in those aceivities undergoing
rapid technological change as compared totthe deductions made from the input-
output table (Table Six). Infletion hasiaffected the list unevenly;ben&>‘
cartel prices have been/Based upon the arbitrary use of market power rather
than supply-demand interaction. For example, in 1978 the energy content of
a dollar's worth of fuel oil, a major input into the matrix and éé net
represented in Table Six, is about one quarter of what it was at the time

of the last input-output calculations. Other categories, such as communica-
tions and banking, have effected majo} technological changes‘—— ineluding‘
energy economies ~- in the last decade, but reductions in prices for some
increasingly popular services (such as credit cards and long distance calls)
cause the services to remain in line with trends for the overall economy.

If the energy content for a commodity or service in an LDC region were
to be calculated; we expect the "modern'" goods and services to have similar

requirements to those in the United States, and the goods and services
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required for growth to be even more similar, because the technologies have
been borrowed. Traditional goods obtained from the countryside may have
sizable labor inputs (food as the fuel), which are not recorded as energy
in these input-output tables, so energy content will appear small as com-
pared to the more developed world. Much of this may be ascribed to the
invisibility of tlie food input. ‘Given this outlook for energy use in LDC
urban areas, we can identify the activities most susceptible to conserva-

tion through teclhmological change:

1. Reduction of Cruising and Backhaul in Urban Transport. Jitney drivers,
cap drivers, and light haulage operators report 20-40% savings in mileage
running empty when they introduce radio dispatching -- a feature just now
entering Third World metropolises. However, convenience to the user is
still not sufficient in such cities becauée the telephone systems are
Wighly inadequate. Very soon the new solid state components should make
possible a readily portable and economic telephone set (wallet or wrist-
watch size, costing no more than a bicycle) that would allow the owner to
call for tansport assistance from amy location in the urban region. The
"wersonal telephone would evolve many other uses felt to be even nore
valuable (in America the forerunners were obtained by politicians, execu-
tives, salesmen, and ovganisers of the vices) so that they would be suffi-
ctent to pay for most of the cost of operation, including the fairly ela-
borate backup system required.

The device itself amounts to only a tenth of the total inmnovation.
In most countries such devices are illegal, so major legislation is
prevequisite. Accompanying the introduction we expect a rumber of new

roles for people who act as intermediaries between expressed demand and
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the delivery of service. FEach interface must evolve software that promotes
satisfaction with the service provided. New procedures must develop in the
urban milieu which jointly optimize between the needs of the urban resident
and the requirements set forth for the overall system of transportation and
communications. Experience accumulated in Novrth America with various forms
of "dial-a-ride" suggest that "demand responsive" transportation should be
particularly suitable for societies that have found it necessary, whether
for lack of circulation space or foreign exchange, to vestrict the use of
personal automobiles (Fig. 8).

Travelers must learn how to use the various transport modes (Toe.,
scheduled trains and buses, jitneys, taxis, and lightly powered vehicles
such as scooter rickshaws, mo-peds, electric cars, and delivery vans) for
their convenience. Although the geography and institutions of each metro-
polis result in unique transport systems, it is possible to transfer a
number of concepts which speed up the economiaing on energy.

2. !"Slow-ways" to Enhance Aid-to-Walking Vehicles. The expected proli-

feration of intermediate transport technélogy in developing urban regions
precipitates a demand for segregating slower vehicles in the eity from
buses, trucks, taxis, jitneys, and limousines on the principal street and
highway network. People seem to prefer light transport over the auto only
if the former is definitely more convenient, quieter, and cleaner. This
means that the "unfinished" cities anticipating heavy immigration must
design the substitute for the freeway that is suited to higher density
settlement. A "slow-way" is an Australian term brought to California in
1977; "aid-to-walking" characterizes a family of small sihple vehicles
that can be designed to move people about on longer trips in their com-
munity with much less friction than the private automobile (Fitahardinge,

1977).



REORGANIZED PASSENGER TRANGPORT

For a typical trip:

):0.0.0:0'6:0.0.0.0'0 (NI 0000000000 XEXXXXX
walk wait ride walk
Cost (1978): fare - $0.10 -~ 0.20
human time - $0.20 - 1.00
energy - 100,000 joulcs

with communications backup:

L. ... XX 000000000000 XX

ring wait walk ride walk
Cost (198?): fare - $0.25 -~ 0.50
buman time - $0.15 - 0.70
energy - 70,000 joules

Fig. 8. The delivery of urban services occurs largely through
non-commute trips. A typical trip using the transport
system will take about one hour and the distance is
10 - 15 km. It should be noted that people may engage

in extra energy-using activities during the time they
" 1"
save'', '

43
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The challenge to be met is a procedure for designing and redesigning
broad paths or light roads which allow light vehicles to flow unimpeded to
shops, schools, small manufacturing establishments, and intensive gardens
in urban districts without disturbing pedestrians and minimally conflicting
with heavy duty traffic. It must expedite mo-peds, scooters, and light
delivery vans at a maximum speed of 30 kmph (20 mph), at the same time that
bicycles, hand carts, and skateboards are served, and pedestrians feel
safe (Fig. 9). Though the design of the way itself, and the associated
signals, the slow-way must selectively retard and encourage the drivers so .-
as to reduce the nuisances and risk of injury. It should "fly over" or
pass under heavy traffic and conmnect the interiors of adjacent neighbor-
hoods. If it is as heavily used as planned, the management of the land-
scape and the view-from-the-way are 1likely to open up serious controversies
which can only be addressed by much experimentation.

3. Greater Yields from Fertilizer and Water at the Consumers' Back Door.

The serious losses in fertilizer and irrigation water occurring in moderr-
ized "Green Revolution' agriculture add to energy requirements even more
rapidly than the population growth. Transport to the point of consumption
also increases more than proportionally. All these losses could be
reduced by sponsoring the most intensive photosyhthesis within the urban
region itself. The aquaculture of higher plants (hydroponics and mari-
culture) produces the highest recorded yields per unit of input, including
real estate. The savings should be sufficient henceforth to pay for the
higher land vents in urban areas.

The largest scale existing production in Americd i8 in the South and
West, where the most popular crops are tomatoes and flowers. A number of

well-publicized experiments originating from the Arizona-California
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experience have been conducted in the settlements along the Arabian Gulf,
but others have been undertaken elsewhere. However, American technology
18 based upon a thorougﬁly dependable power supply; the interruptions so
common in Third World metropblises could kill a whole planting. Shellfish
are affected by pollution of coastal waters. Moreover, Americdn capital
costs are extravagant; a morve labor intensive design for a wider range of
erops is to be preferred -- as has evolved outside of Tokyo buy may no
Longer fit the affluence of its economy.

The accomplishment of savings in energy consumption and overall cost
are equally dependent upon improved marketing techniques, since typically
half of the perishables spoil before that are consumed (or else they are
moved on successive days to ever poorer neighborhoods) and refrigeration
or freeszer preservation is exceedingly energy-intensive in the tropics.
Ways should be found for utilizing surplus production, either through food
products manufacture or through animal feeding. The linkages between such
enterprises must be explorved in a number of differvent divections. The
hydroponics field is poorly documented because agricultural experiment
stations have not been involved, and the technologists and the grower-
marketers have held their trade secrets very closely, especially the for-
mulas for the prevention of plant disease (Fig. 10). Every metropclis
contains one or more such prototypes; later a special craft is expected
to come into being.

4. Intensive Gardening on Urban Fringes. Most of the world, especially

America, has a lot to learn from the commercialized techniques vf inter-
eropping and replanting as practised by the Japanese and the (hinese
(Kambe, 1974). Although thie form of agriculture has become increasingly

energy intensive (Newcombe, 1977) as the wages of agricultural labor
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have increased, the diversity of the output has been greatly extended.
Around Hong Kong and Singapore a wide variety of leafy vegetables have
displaced much of the tomnage of Chinese cabbage, a staple. Poultry,
hogs, dairy and fish farming have all become integrated with vegetaéles
over the past few years (Newcombe and Bowman, 1977; Newcombe and Nichols,
1977).

Always here the émphasis must be placed upon marketing, but dirvect
imitations of the West in places like Manila and Jakarta have resulted in
colossal failures. Rationalization of distribution must be thought
through all the way to the consumer's pot. The Chinese culture has had
an advantage, because it has a number of highly developed cuisines and a
large proportion of the urban population congregates in the restaurants,
each of which possesses a skilled buyer. Households take advantage of
the standards and services imposed upon the market by these knowledgeable
buyers. There ts little excuse for malmutrition in such a city, since
something is produced for every taste.

Few vegetables are included in the diet of very poor people. One of
the effects of urbanization should be the extension of the range of their
cutsine in this direction, rather than toward meat-eating -- the tradi-
tional status symbol -- which multiplies by three to ten the number of
original calories to be produced. Seasoned vegetable snacks, bought from
street vendors, have already found a place in the diet of the poor in
many tropical metropolises. Quality and variety, along with the vitamins,
must be enhanced to compete with the newly internationalized hamburger and
chicken fast food shops. Plastic film bags make possible new standards of
purity along the streets frequented by recent immigrants; bags prevent

spoilage, so they arve well worth the ten calories or so of energy imvolved.
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All the farm advisory and food processing procedures developed for exten-
stve modern agriculture need to be reconstructed to promote the efficient
use of the free land in the urban region.

5. Protein and Recycled Nutrients from Aquaculture. Sewage can be trans-

formed into algae (Chlorella or blue green spp.) and aquatic plante as a
form of secondary treatment; the product can be fed to fish or animals.

By such means valuable fixed nitrogen and phosphate can be returned to the
urban ecosystem (Oswald, 1977). At least a half dozen pathways can be pro-
posed for development and testing at the prototype scale. Because the
meat and fish are readily salable, the marketing in this instance will

take care of itself, so attention must be concentrated upon flexible
trouble-free processes (Fig. 11).

These methods of recapturing effluent nutrients still encounter
serious losses, so extra plant protein will be needed to fill minimun
adequate diets. A source with promise of very high productivity is
offered by an unpublicized Japanese technology for growing Chlorella Srom
soluble fertilizer and sunlight in open ponds for divect human consumption.
The centrifuged algae are presently comverted into yogurt, protein supp le-
ment pills, and "soy" sauces; in the future various texturedl forms of
protein are desirable. They could serve as direct substitute for meat
and fish in sausaées, filets, and fast foods. Yields of protein per unit
area under cultivation are five to ten times greater thar any repor ted fbr‘
soy beans, peanuts, or other legumes; in addition, otherwise unproductive
low-Tying land might be adapted to commercial algae ponds. In this case
both processing economies and marketing factors are crucial because vir-
tually no precedent exists to draw upon. When the products become popular

Ttems in the diet this process would constitute by far the most economical
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PROTEIN FROM WASTE RECYCLE
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Figure 11. Fixed nitrogen retention can be very much enhanced over present
practice. Algae ponds, fish farms, and pig farms should be placed on low valued

land.
PLANT PROTEIN FOODS
\IO/
/ | N\
> Processed
NHZ Shallow pond — Stirred - Food
PO4: Synthesis
- Chlorella or . Protein
t
K, Ng, Na, etc. N-Fixing Centrifuge isolation '
Filtered Hp0 Blue-Greens
Yogurt Soups Sausage
lce cream Sauces Filets
Gels Pasta Cheese
Spreads To-fu Snacks

Figure 12. System for the mass production of high quality foods within urban
regions.
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way for converting energy-rich fertilizer into human nutrition, so it
deserves very close attention (Fig. 12). The Japanese process has been
exported to Taipet, and most recently to Singapore, so experience with it
is broadening while it remains an as yet high priced specialty.

A mumber of other approaches to "single cell proteinaceous foodstuffs
look pfomising for regions possessing byproducts such as molasses, cellu-
lose, or even methanol. ALl of them should fit very well into industrial
complexes sponsored by metropolises, enabling them to synthesize the high-
valued components of their own food -- a capacity useful in any part of
the world as it faces threat of famine.

.  Promoting Self-Help Informal Comstruction that is both Economic and

Comfortable. The AID generated a promising revolutionary proposal Long
ago which is now ready for introduction into rapidly growing metropolises.
The University of Michigan team (Paraskevopoulos, 1966) identified poly-
urethane foam as the most promising building material to replace wood,
brick, and some applications of concrete. The lightness of the panels
cnd the continuous sheet makes it particularly suitable for self-help
construction and furnishing. Although the resin itself is energy-inten-
sive per unit weight, it is used so sparingly in rigid foam that it comes
out far ahead of its competitors. It is in addition very high performance
insulation, and thevefore contributes to comfort over the life cycle of
the building.

Initially objections were made overseas that Americans were not using
the innovation themselves, so how could they expect even more conse vative
Third World builders to accept the technique? Since that time the material
has been introduced, most often in a sandwich panel, in Euvope and Americu,

but it is rarely publicized in the architectural journals because it is
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employed in the most economical construction. The material is already
avatlable in the LDC metropolises, primarily in the soft flexible form
used in mattresses and cushions, but as a premium product that is high
priced due to low velume production.

In the interim a scare was raised about fire hasard. Untreated
polyurethane surfaces flash much faster than most, thus presenting dif-
ficulties in the evacuation of burning structures. However, a skin was
developed which is so effective that polyurethane is now preférred‘as.the
raw material for prestige office furniture and for TV sets. Wood grain
can be photographed and applied to the surface, so it serves as a
"synthetic wood." Nevertheleés, the application to site-and-services and
other low cost building techniques lags.

The challenge is to find easy methods of self-help construction that
evolve into permanent urbanization (Turner, 1977). People could learn
how to be urbanites while building their own house, while the demand for
such energy-consuming materials as corrugated galvanized iron, brick, and
cement ig diminished. Often sites and rudimentary services are provided
by govermment; later other options will be offered (Laquian, 1977). The
insulation is increasingly appreciated as urban activities are pursued
(Fig. 13).

7. Solar Domestic Appliances. The past few years of the intensified

"energy crisis" have brought to light many proposals for the domestic use
of solar energy. Hot water heating, space heating, cooking, drying,
desalination, refrigeration, and a number others are mentioned, but in
most cases they cannot match the flexibility and economy of electricity
at 5-10¢ per kwh in major cities. However, rates often run higher in

Third World cities, and inconvenience costs less, so some of these
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SUBSTITUTION IN MATERIALS

coal tar koluene toluene- rigid swmall scale
distillate ' di -isocyanate polyurethene building,
y ure
Ferkilizer a atkisans,
panels shells small con-

glyceral tractors and

or selF- help
acetaldehyde -Formaldehyde polyols

ov domes woldings
hydregenated sugars
metropolitan plant local Fabricator on- site,
(Continuous Flow process) (babch process)
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Fig. 13. The principle competitor for wood, cement and bricks is
also first class insulation, so life cycle energy require-
ments will often show considerable savings
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inventions should find niches earlier in LDC urbanization, where they
promise substantial improvements over present condi%ions (Fig. 14).

What such introductions could offer, besides refinement of the inven-
tion, 18 a way of achieving economies of scale in manufacture for everyone.
The scattered world demand could be supplied at a reasonable price. Sunny
parts of America, frustrated by the high labor costs in their vieinity,
could then look elsewhere in the world for economic energy-saving solar
gadgets.

The Indian Govermment attempted to pioneer in such technical develop-
ments, but it has consistently failed to get into production. Except
perhaps for water heaters in Israel being imitated im Florida, no inter-
mediate solar technology has moved out of the gestation phase from the
developing world over the past twenty years. If the prepossessing problems
of cost reduction, introduction, and maintenance are to be solved, Joint

efforts appear to be required.
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SOLAR APPLICATIONS NEEDED
FOR DOMESTIC USE

.
INSULATION =

REFLECTOR (one of four)

A 5IMPLE SOLAR OVEN

{"'*n.,& /
A STANDARD DOMESTIC. HEATER

b e e e v

double pane windows with venetian blinds

Fig. 14. Hundreds of alternative designs compete for our attention;
scores deserve full scale tests. Perhaps only a dozen
will survive.
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It is interesting to note that no such stimulation is required for one
kind of industry that expedites energy conservation -- the design and produc-
tion of appropriate garments. The urbanizing process quickly introduces the
new immigrant to non-traditional designs for clothing that insulate effec;
tively in cold weather and other styles that contribute to thermal comfort
in hot weather. People will adopt such clothing first for informal partici-
pation in public activities (since for formal settings the conventional
dress, whether comfortable or not, is appropriate). Therefore, the upwardly
mobile people in the city ask the tailors and seamstresses in their neigh—
borhoods to produce the new‘styles. mee of the craftspeople learn to cater
to tourists as well, and use these cogfacts to build up an export market.v
Therefore, almost all low income cities with substantial numbers of foreign
visitors have by now created garment and shoe industries quite capable of
expanding to engage in large scale exports. Hong Kong, Seoul, Taipei, the
northern border cities of Mexico, Jamaican cities, Malta, Mauritius,i
Singapore, Bombay, and similar cities are setting the pace at present. The
more stylish garments and shoes are sufficiently high valued to be shipped
by air freight. Other exports from these cities, particularly electronics,
are building up a parallel demand for air freight. Garment manufacture for
energy conservation is so vigorous it does not need éfficial promotion,

at least not in the direct manner propbsed in the preceding pages.

A New Transfer Process

A new and promising development has appeared in the technical assis-
tance circles over the past eighteen months. We are beginning to see pub-

lished statements advocating a two-way exchange of socio-technical ideas
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and experience. Always before this concept seemed to be no more than a
tantalizing possibility suggested by one or two happy occasions where the
developed society found it useful to adopt productive innovations originating
in less developed countries. Everyone recognized that the unidirectional
emphasis in technology transfer breeds resentments and misunderstandings that
make the effort increasingly difficult over time. In India, for example,
responding to a number of interchanges between universities and local
counterparts, the term of "academic imperialism' was invented in the early
1970's. Equivalent sentiments were felt, but not expressed so vividly,
elsewhere in the world.

The mutual interest in expediting conservation of increasingly. scarce
resources, especially energy, should lead to interchanges of experience with
the developed nations, and soon some direct borrowing of technology evolved
first in the poorer societies should offer significant savings for developed
metropolises. Always béfore the flow of knowhow, frequently backed with
hard currency, moved from the powerful to the weak or from the scientifi-
cally advanced to the traditional societies. These have been the circum-
stances since the days when colonialism was the dominant relationship.

The American Chemical Society, largest among the world's scientific
societies and most enterprising among them in matters concerning the
organization of the various strands of scientific knowledge, commissioned
an article which proposed that a more symmetric relationship was possible
in the future. Editors could foresee that developed countries will have
need in the foreseeable future of the kinds of knowledge and detailed

experience most economically produced in developing regions (Morgan, 1977).
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Already in the professional activity of urban administration, and the
delivery of urban services, this reverse flow has begun. The Council for
International Urban Liaison (818 18th St., N.W., Washington) initiated an
international information clearinghouse in 1976, and began publishing Urban

Innovation Abroad. It notes improvements of value to the United States and

Canada, regardless of_origin. Now that the stage of rapid urbanization is
being entered by many‘more cultures, a practised eye encounters many
creative responses to the problems presented that appear likely to be
feasible elsewhere. As compared to rural development -- the present pre-
occupation of American foreign aid (along with that of many other coun-
tries) -- city-to-city transfer is easier. A much larger number of ﬁersons
in both kinds of societies can be recruited for projects of the kinds
already discussed here.

Successes should come somewhat easier and more quickly if projects
are aimed at stimulating resource-conserving behavior in any part of the
urban population, not only the poor. Then the project survival rate should
be as high as 20-30%. That is the expected proportion worth continuing
beyond two years groundwork and introductory effort.

Experienced stimulatory institutions are required to obtain such per-
formance. They must be able to learn the technology quickly, appraise
marketing opportunities, find entrepreneurs and inventors, engage in all
kinds of troubleshooting, justify the extension of credit, get production
rolling, and be willing to walk away from a promising operation, leaving
it in local hands. The reward for Americans as a social group would be
three-fold: (1) reduced worldwide prospective energy demand, (2) reduced

worldwide plutonium production, and (3) additions to the range of
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technologies available for Americans as they search for life styles that fit
into a steady state society at home. Therefore, there is no apparent need
for miserly accounting or retention of equity in the successful enterprises,
thereby generating fears of '"creeping imperialism."

A good model for an urban institution capable of operating in this
fashion is the Korea Institute of Science and Technology (KIST) in Seoul.

It was originally set up to accept contracts from local governments, firms,
and international sources (foreign governments, multinational firms, and
international agencies), to use scientific data and technological experience
to promote economic and social development. Now a little more than ten
years old, and extraordinarily successful, it has already undertaken energy
conservation studies on behalf of public and private industries. It could
mount a much larger and systematic program to stimulate conservation in
cities. Because it is an institution used to working very rapidly,
expanding as it proceeds, it would also be able to supply consultants to
other countries working in parallel directions.

Very few other countries have organizations with competences approach-
ing those assembled by KIST; many million-size metropolises have nothing at
all that is equivalent. However, adaptations might be worked out in a
manner much the same as that by which KIST was formed. At the time of its
origin a non-profit American research organization, the Battelle Memorial
Institute from Columbus, Ohio, was given a contract to assist in the birth
of an organization to be called KIST. One member of the board of directors
was shared with Battelle; he also supervised a periodic evaluation. For-
tunately, the existence of Battelle is not unique, the United Statec has a

number of institutions parallel in structure, and drawing upon a similar
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variety of talents, that could undertake the stimulation of overseas dinsti-
tutes. Most of these have already had overseas experience, and some have
ties with R & D organizations similar to those developed by Battelle with
KIST. Therefore, it is possible to launch a program quite rapidly (Fig. 15).

Speed of organization in the field is essential. Too often American
international assistance is hampered by second and third thoughts regarding
the allocation of personnel and funds. Existing apbropriate technology
programs have been badly damaged by this apparent indecision. Standard
methods of administration cannot cope with programs of this complexity in
the time indicated. The methods for speed-up to be considered resemble
solutions previously worked out by the Department of Defense and NASA, but
they are adapted to the kinds of suspiciéns existing amoﬁg the elite in
Third World cities.

The key spending agency with discretion, looked at from the point of
view of the recipients of funds, is the local laboratory unit of the
(National) Institute of Science and Technology. Its small collection of
managers, technologists, and economists work on contract with a joint
U.S.-National Commission (a typical formula would provide for equal numbers
of directors, but the performance of such devices since the Marshall Plan
should be reviewed). Ideas, instruments for measurement, and technical
people are to be found locally, but unfilled posts are filled from other
developing metropolises or from America. The goal would be "viable produc-
tion units" that promise to shift the overall urban ecosystem so that energy
will be conserved without loss to welfare.

From the point of view of Americans a grant-giving agency could be set

up that utilizes existing American capacity for consulting overseas, even
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to "getting one's hands dirty" in the expediting of prototypes, if that
would make a difference. Together with their professional, trained coun-
terparts in the LDC's, they fit knowledge to a willingness to act in such
a way that the critical energy‘pinch, now projected to start in the
1995-2000 period when worldwide petroleum production is expected to halt
its expansion, is noticeably reduced in intensity and the path to full
dependence upon cdntinuous supplies (primarily solar) has been worked out.

The projects should be worked upon twenty or more at a time because
the expected frequency of failure is so great. With ordinary procésses
of dissolution and bankruptcy much valuable experience would be lost,vénd
morale would suffer. With the aid of the "law of'large numbers" thé few
successes can still outweigh the losses (Fig. 16).

The necessity for evaluating projects according to their contribution —-
as well as economizing upon whatever else may be scarce, such as capital,
foreign exchange, budgetary allocations, land, water, and necessary
skills -~ suggests that a flow of current data should be generated. This
is a function that fits very well into the terms of reference of an Insti-
tute of Science and Technology. Energy data so far assembled in America
and Europe are ill-suited to policy-making, so it is not reasonable to
transfer present methods of data gathering to the rest of the world.
Instead, we and they need to consider the conditions likely to be encoun-
tered in the 1990's and thereafter, and what information would be needed to
address the foreseeable exigencies.

Data development and assembly projects can be organized in the same
manner as those intended to develop appropriate resource-conserving tech-

nology. The successful project is one that leads to adoption of one or
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more series of indicators by official agencies, by professional associa-
tions, or by groups of industries. The program can be discussed in a

manner parallel to the others.

8. Energy Utilization Indicators in Urban Settlements. Henceforth a

body of current data covering energy importation and consumption should
have the following desirable features:

(a) It should permit estimation of the efficiencies of fuel use, according

to the principles of the Second Law of Thermodynamics as well as the First
Law, for principal activities in the urban region, because the waste of
very high grade fuels can then be prevented.

(b) This body of information should be treated in such a fashion that it
can be linked to nutrition in man and animals, since a combination of
divect and indirvect requirvements suggests that food may account for as
much as half of the aggregate demand fbr energy in some LDC metropolises.
(¢) The information should relate dirvectly to consumption (from the point
of view of citizens and administrators) and therefore suggest reasonable
approaches to the rationing of food and fuel, very likely reflecting a
hierarchy of.ZocaZZy held values that distinguish a given metropolis from
others.

(d) The information should contribute to variable pricing at peaks,

according to daily, weekly, and seasonal cycles.
(e) Quick, cheap, routine methods need to be devised for collecting

snapshot data on energy use, such as earth satellite infrared photos and

counting total volume of moving transport, which simultaneously reveal
conversion to waste heat (signalling entropy increase), but also the

obverse, by identifying areas devoted to solar energy collection.
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(f) Appropriate instruments are needed which yield instantaneous feedback
information on use of power and high energy content fuels which allow
machine operators and mandgers to economize as they work.

(g) Linkages with the rate of social transactions, telecommunications
transmission, and computations volume, as well as gross domestic product
(GDP), should be established in order to obtain indicators of various kinds

of urban system efficiency.

Priorities for Action

Where should such a program start? The most logical answer is that it
should begin wherever the urbanizing pressure is the greatest and the pat-
terns of newest settlement can be pushed into resource-conserving forms.
Urbanizing pressure can be gauged by looking at the respective metropolitan
regions and estimating the masses to be urbanized in the 1978-1995 period
(Table Seven).

What the list in Table Five reflects is the failure of the population
policies of the 1950's and 1960's. Unwillingness to take a stand on family
limitation was often combined with an inability to comprehend the impact
of the human flood loosed upon the cities, when no decisions were taken.

At some time during the 1970's, the official policies in all the national
governments managing the affairs of these metropolises did become more
enlightened. In many cases, it is still too timid, so that a basis for
highly organized information dissemination combined with convenient con-
traceptive service has not yet been established, or even authorized. Yet
this decade also reveals some of the backlash from proceeding too aggres-—

sively with simplistic procedures for birth control, as in India after
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Table Seven
FOCI FOR NEW URBAN SETTLEMENT: 1978-95

Settled Population to

Urban Region be added by 1995
"Paulo-Janeiro" (Sao Paulo, Rio de Janeiro) 22 millions
Nile Delta (Cairo, Alexandria) 20
Mexico City ‘ 15
Calcutta (Kharagpur, Haldia) 12
Shanghai 11
Bombay 11
Jakarta 11
Delhi 11
Manila 10
Karachi 9
Bangkok 8
"CalSouth" (Los Angeles—San Diego-Tijuana)

Moscow 8
Wuhan
7

(Populations in 1978 are subtracted from those anticipated in 1995, with
appropriate adjustments for megalopolis formation, and rounded to the

nearest million.)
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the "Emergency," and might take'another form in Shanghai over the next few
years. (In India, acéording to private reports from clinicians, people
have lost confidence in the family planning programs; similar reports from
Chinese-speaking travelers in Chinese cities claim that the family is
reasserting its primacy in Chinese society, and it may soon demand more
heirs.)

Each culture has its own pace for changing the fundamental soéial
relationships affecting procreation, but it is exceedingly difficult for
political leaders to sense what the limits upon pressures to change may be.
The principal relevant appropriate instrument the United States for gaug-
ing attitudes has developed is that of survey research technique. However,
these methods have already been installed in almost all of the rapidly
growing urban regions for purposes of marketing, and are increasingly used
to guide public policy, so little more effort is required. The technology
for a still more diverse set of safe contraceptives promises to be a
profitable business, so that part of the effort is already being pursued
with vigor and imagination, needing little further help.

Because a modern sociéty —— the kind these metropolises are headed
toward -- is committed to plan for the adequate provision of services,

including energy, for each infant added to the population, fertility res-

traints are of the utmost importance for energy conservation over the long

run. However, Ehey have their principal effects well into the twenty-first
century. The predominant share of the immigrants accounted for in the

1995 projected growtli~have already been born in 1978; by migrating they

are merely putting in a bid for their share of services. Because popula-

tion planning issues have a different impact from those of urbanization,



they require separate analysis. This paper merely reveals their
cance, without suggesting appropriate kinds of action.

Once the locales for the greatest urbanizing pressures were
we studied maps and interviewed planners from those places. Was
cally possible for these hordes to be accommodated? What needed

between now and then?' What else should be done to deal with the
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it physi-
to be done

pressures

after 1995? Relevant information is exceedingly fragmentary, even in the

cities concerned, and much less is available on short notice. Nevertheless,

an evaluation of the situation in several of the locales under extraordinary

pressure suggests that the problems of accommodation are soluble

over the

next two decades. The projected growth is likely to occur because the

conditions in the cities, although distressing, appear to be better than

those at home in the countryside or the towns.
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Conclusions

The pace of urbanization must continue, because in most parts of the
world the surplus population in the countryside has nowhere else to g0,
The world is about 40% urban now and apparently headed for the 80-90% share
of the total population presently exhibited by the developed countries.
Thus, the 1,600,000,000 urban dwellers in 1978 would become about three
billion in 1995 -~ if major catastrophes can be avoided.

The very large metropolitan areas now.under heavy migration pressure
are generating a number of unprecedented situations. Integrated megalo-
politan complexes are expected to form in at least five locations. Three
or four metropolitan regions are expected to exceed the population of Tokyo
before the end of the century, and will be still growing. Scores of other
multi-million size settlements will have added population to the point
where major capital-intensive, energy-consuming infrastructure must be
superimposed to provide transport, water, food, and housing.

Simultaneously a new, highly competitive world urban system is coming
into being. Stimulated by the growth of international trade, especially
the flow of fuels, the metropolitan areas must compete for mobile human
capital of many varieties, investment funds, the presence of multinational
enterprises, and the use of knowledge and designs. Telecommunications and
airlines are the connecting links responding most rapidly to the new
system structure. This competition reduces the freedom of choice in
metropolitan development -- if cities fail to improve internal security
and quality of life, their assets will flow to cities that appear more
effective. To hold onto these mobile assets cities will have to extract
more satisfactions from the increasingly scarce commodities, such as

energy, mainly through substitution and conservation strategies.
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Per capita consumption of energy is expected to increase gradually in
LDC cities, even when allowing for a 50% price rise and 15-20% savings
achieved by conservation and substitution. Meanwhile, per capita consump-
tion in the industrial countries is expected to rise for a while, level off,
‘and then start retreating toward a more manageable level around the end of
the century. Total energy demand for LDC cities is expected to match that
of the developed, early in the twenty-first century.

How much electric power is required in the LDC metropolitan areas?
The present range for the largest of these is 100-500/kwh/capita/year for
internal consumption. Export industry requirements are additional, and
still more variable, but they diminish with megalopolis formation. An
efficient, planned provision of modern urban services, including local
transport and commerce, has been estimated to require about 300 kwh/capita/
year in tropical climates,

Because the diversity of the respective metropolitan regions is so
great, and the prospects for future growth so problematic, the only means
for determining nuclear demand is to study the options available to the
larger settlements independently. Such an analysis has been recently
reported for the metropolitan grids of South Korea, and 11-14 reactors at
1000-2000 MW were deemed to be needed by Seoul and its export industries,
depending upon decisions yet to be made regarding the splitting of central
government activities from business and cultural affairs.

Developed countries, such as the United States, can speed up the
search for better resource-conserving technology by collaborating with
research, development, and promotion institutions in the respective metro-

polises. The most promising existing model for such an institution is
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the Korea Institute of Science and Technology in Seoul. It accepts con-—
tracts and grants and undertakes to improve processes for the production
of food, shelter, transport, materials, appliances, and information
gathering. A broad distribution of urban technologies appears ripe for
testing. The best of such experience should be applicable in North
America a decade or so later. This form of aid-giving also helps the
donors, if it succeeds, by reducing the upward pressure on fuel prices
paid by donor natiouns.

Feasibility assessments for Sao Paulo-Rio de Janeiro, Calcutta, Cairo-
Alexandria, and Mexico City are presented in the appendices. This analysis-
from-a-distance is insufficient to judge how much extra installed electrical
generating capacity is required before 1995, the added refining capability
for liquid fuels, or the uses for new LNG and coal imports due to be
arranged. Tt is evident that energy (and perhaps also water in most
regions) planning is the major determinant of the manner in which these
urban areas will adapt to the extraordinary pressures for new settlement.
The current round of planning in such metropolitan areas hLas been addressed
to solving traffic congestion problems, and reorganizing land use in
central districts, as the most pressing issues. Since energy sources and
distribution systems now affect the largest and most crucial investments
in urban growth it is to be expected that future metropolitan planning may
concentrate upon energy efficiency. Energy supplies must be planned to
meet requirements set by locally dominant values regarding human services
and the environment.

The only locales in which we have found this kind of planning has

begun within the less developed countries are in Korea. For that reason



72

we also add in the Appendices a brief analysis of future Seoul development,
even though recent successes in population control have greatly reduced the
numbers it attracts from the countryside, making its task considerably

easier than it is for the leaders we have identified.



73
APPENDICES

I. Prospects for Sao Paulo and Rio de Janeiro

Almost everyone in Brazil would like to see a levelling of the growth in
these two huge metropolitan areas. Very recently the national government
expressed its intentions to deflect expansion to other locales. However,
direct and indirect measures for restraining urban dynamism have delayed
impact (unless massive rustication is employed, as in Shanghai and Phnom Penh),
so the present momentum will absorb large numbers of immigrants. The popula-
tion anticipated in 1995 (according to Table Six) assumes that such policies
will succeed to some extent before that date. They also assume that family
planning will become more prevalent, es;ecially in urban areas. The attrac-
tive force of a per capita income two and a half times the average for the
rest of Brazil explains why migration will continue despite the official
hurdles put in its path.

The topography of Sao Paulo suggests two directions of least resistance
for physical growth at the periphery. One is to the south and east toward
the coast and another into the interior. to the southwest (toward Curitiba).
Major additions to Rio seem likely to be in suburban watersheds made accessible
through expensive improvements in mass transport systems. The preferred water-
sheds for accommodating the brunt of the growth lie between the two urban
centers. The Paraiba Valley, in particular, has already provided sites for
chemical, food, and metallurgical industries.

The most severe restraints upon growth reported by planners are presently
felt in matters of pollution, the supply of fresh water, and the provision of
transport. The existing waste disposal system has been swamped by heavy
industry (mainly Sao Paulo), and the Paraiba Valley is already severely

affected. However, new immigrants are rarely deterred by such conditions.
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The inadequacy of passenger and goods transport may hold back some growth on
the periphery of both cities (squatter settlements are appearing close to the
new freeways), but the bus transport system still offers considerable oppor-
tunity for improvement in efficienty.

Brazil expects to dominate auto production in Latin America, as well as
providing the largest single market. 1Its cities need to plan for circulation
space and parking at léast proportionate to the growth in the number of
vehicles, otherwise the congestion will prevent the bus systems from serving
all their patrons., Public rail transit systems are necessary, and the antici-
pated expense is unprecedented, but they can supply only a minor portion of
the need (present rail lines are being taken over by freight movements). An
expanded freeway program, perhaps similar to that of Japan, will allow a more
dispersed industrialization, with new favelas springing up near new plants, but
it too will cost more than can be afforded. It appears from this distance
that Sao Paulo will need a complete subway network that connects with a very
fast railway to Rio, but it is doubtful that either will be ready by 1995.

If the infrastructure is not ready the land\rents in the present cities
are likely to rise to levels as high as those in Tokyo. The poor would be
the most severeiy affected; most would be squeezed out to the periphery. The
appearance of megalopolitan infrastructure may be postponed by combinations of

disasters afflicting this region. Not to grow is the more painful

alternative.
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II. Prospects for the Calcutta Metropolitan District

Fabled Calcutta is maligned by journalists. After Bombay it is for
Indians the most successful metropolis in India, because it offers employ-
ment for men of the village who support many millions of people with their
remittances. This explains the large surplus of males, and accounts for
much of the disinterest in maintaining the built-up core of Calcutta, which
was once the British capital of colonial India and is still the reception
area for visitors. Urban Calcuttans maintain an exceedingly lively cul-
tural life, conducted in almost all the Indian languages, and appearing as
drama, literature, cinema, and music. The political ideologies are indi-
genous, although the labels may be borrowed, and the violence or paralysis
created by their interaction has postponed some of the growth arising from
industrialization and immigration.

The greatest constraint upon growth has been attributed to problems
with water supplies and associated sewage, drainage, and environmental
hygiene. The overriding fear has been cholera, which is endemic. However,
since those plans were made, a simple, very cheap, curative approach to
cholera has been proven and is slowly gaining acceptance. Recognizing that
tube well technology has also advanced greatly in the last decade, it is
apparent that ad hoc solutions to water and drainage problems will be
feasible, and thus well within present administrative capabilities.

Internal traffic flow is hopelessly bottlenecked by an insufficiency
of bridges across the Hooghly River, the eastern mouth of the Ganges, and
complicated by the need to use the river for the principal port for all
of India for cargo from the east. The silting of this harbor, and the

intrusion of salt water into the aquifers, is to be deferred by flow
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manipulation of the Ganges (Farakka Barrage), according to a recent long
delayed agreement with Bangladesh. Dredging of the channel fills nearby
Salt Lakes and low lying areas, which eventually become buildable land in
highly accessible parts of the district (Lubell, 1974).

Haldia, the new deep water port, is just now coming into operation.
It is the obvious site for capital-intensive industry (petroleum refining,
petro-chemicals, ferfilizer, minerals processing, flour, sugar, etc.).
Since Haldia is better connected with the rail junction city of Kharagpur,
130 km east of Calcutta, much of the forthcoming urban growth will appear
along this corridor. Another strip will be along the road to Calcutta,
especially the ferry terminal areas (C.M.P.0., 1971). Upstream the expan-
sion of industry is already evident; it is associated with the rail connec-
tion with the coalfields and Delhi. |

Thus, over the next several decades Calcutta is likely to extend
beyond its present planning district, moving ribbonlike through the estuary.
The constricting effects of traffic congestion are therefore greatly dimin-
ished. The nearby rural area is gradually being reorganized by the urban
markets for produce and the introduction of light manufacturers into the
villages.

Grave difficulties will continue to be experienced with the inner city.
The subway being built with the aid of the Russians seems to go on inter-
minably, so that Calcuttans despair of ever seeing it in operation. Even
then only a small part of the commuter demand would be met. The connection
of the two major rail termini by a tunnel under the Hooghly would be a great
rationalizing step for Indian Railways, as well as for Calcutta; it would be
a major item of infrastructure that could set new expansion patterns into

operation.
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Most of the housing added in the last three decades'has been of the
kutcha, or semi-permanent, type in communities called bustees which are
well-suited to the climate (especially after bustee improvement programs
are implemented), but do not contribute to civic pride. When the gradual
process by which bustees are converted into pukka urban settlement is
recognized and expedited, most of the housing impediment to growth will
have been overcome. Calcutta should be able to accommodate the many,

many millions who wish to find their fortune in its diverse communities.
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III. The Cairo-Alexandria Megalopolis

In Cairo urbanization is rapid, uncontrolled, and uﬁplanned. It is
a city that operates continuously on the brink of disaster. Basic staples
of life and transport services are heavily subsidized, and the subsidies
are funded from sources outside Egypt, and therefore ﬁot dependable.
Transport capacity is so limited it often appears that large numbers of
people in the central city will not get home at night. Housing is so
scarce and costly (when it is not subsidized) thé poorest half of the
population is crowded one or more households (average nine members) per
room. The postal delivery service takes weeks, so most of government and
commerce uses its own couriers; the telephone system is completely over-
taxed during working hours. The nation has recently decided it will stop
payments on its debts to its leading creditor, and whatever action the
creditor takes (the U.S5.5.R.) will have its primary impact upon the capi-~
tal city. Fuel for its overloaded power plants and railways is obtained
in part on short-term credits.

Recent attempts to introduce first steps toward economic realism, as
demanded by the International Monetary Fund and other creditors, triggered
spontaneous riots in Cairo and Alexandria, so the original subsidies have
been restored. Meanwhile, the gap between consumption and production
widens, and increasing amounts of foreign aid must be pumped in.

Cairo's economic and physical condition is more desperate than that
of any other Third World metropolis in the multi-million category. If the
present imaginative leadership should falter, the city is likely to lapse
into the pre-Nasser forms of chaos, with potentials for urban guerrilla

activity reaching ten times the scale of Beirut in the 1975-77 period.
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Foreign aid is being pumped in as fast as feasible projects can be devised
for absorbing it, but a large share passes through Cairo to be expended
around the Suez Canal -— a major source of future income.

Perhaps half the population of Cairo copes with these conditions well
enough to live noticeably above subsistence. Industrial, white collar,
military, and professional classes that make up this sector are responsible
for the preponderant share of the energy consumption. Automobile regis-
tration is only 9/1000 of the population, but automobiles are in very
strong demand and the numbers are growing more than twice as fast as the
population. The number is growing because the educational system is
expanding and an important fraction of the graduates do not fly off to
take employment in the Arab OPEC countries.

Most of the population growth comes in the form of complete families
from surplus population in rural areas, some of which are the most thickly
settled in the world at more than 10 persons per hectare (2500/sq. mile).
Egyptian population growth rates are estimated to be close to 3% per year,
so the present 40 million is expected to be something like 54,000,000 in
1995, with almost all the extra population attempting to settle in the
200 km ribbon of urbanization connecting the southern limits of Cairo with
Alexandria along the rail lines through the Delta, or in the Canal Zone
region. Cairo's annual population increase continues at 4.5% per year.

Cairo has long needed a subway system, and several surveys have been
made. Very soon Alexandria will need one also. The basic difficulties
are not technical, but financial. It would take five years to re-map the
underground utilities before a start can be made. A partial alternative —-

a waterway system of mass transport -- does not seem to have been explored.
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Tts technical feasibility is very recent -- only since the downstream
adaptations to the regulation of the Nile following the filling of the
Aswan dam have begun. The connecting railway system, once a prestige
agency in Egypt, could be reconstructed to serve the growing inter-city
traffic, but an expanding bus system would appear to handle the bulk of
the traffic economically.

For building materials —— a major energy-using industry in Cairo --
the urbanizing population must abandon fired brick made from silt and
switch to building block filled with desert sand or pre-stressed concrete.
Apartments in buildings two to five stories high at the edges of present
urbanization will continue to predominate. Therefore, the densities of
settlement created will remain very high, judged by global standards. .The
crowding is justified among Cairenes by the shortage of fertile land.v
Domestic consumption of energy is likely to be restricted to a bit of
kerosene for cooking, and electric power for lighting and television for
the more fortunate fraction. Local transport would be pedestrian, using
handcarts for deliveries, switching to buses and trucks for longer move-
ments. Tourism may introduce some summertime peaks in demand for power,
due to air conditioning. It focuses upon the centef of Cairo and the
Alexandria waterfronts and will probably generate imﬁortant amounts of
iﬁvestment, permitting the central business districts of both cities to
create over time a full set of modern metropolitan services.

Very likely the major demand for energy by 1995 will be most affected
by industry. The law attracting industry to Egypt had to be revised and
was only beginning to work at the end of 1977. If this low cost labor

can be mobilized institutionally (i.e., joint firms, banking, taxation,
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moderate levels of corruption, etc.), a very rapid overspill of light
industries from theACommon Market countries is predicted. Products would
be marketed in the Arab countries with rapidly rising incomes. Tanta, in
the mid-Delta, already exhibits such industrialization pressures.
Increases in productivity involved in such a transition are sufficient
to overcome the need for subsidies. The slowness of the required insti-
tutional change, and delays in the introduction of such infrastructure as
bridges and telephones, introduce strong doubts.

To conclude, it is physically quite feasible for this'vast increase
in urban settlement to occur, but the political risks are high, and the
rate of institutional change required is unprecedented for that part of

the world.
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IV. Mexdico City

Within the short period of time allowed to us it has been impossible
to find a feasible future for Mexico City that allows it to continue to
grow as projected to 1995. The new migrants who hope to live there have
already been born, so the demand for plaées in the metropolis already
exists, but the supply is unceftain.

Drawing from verbal reports of planners who visit the city frequently,
the cost of providing potable water is rising exponentially much faéter
than the population. If the capital cost of water supply for each.person
added to the population of the metropolis exceeds his marginal contriﬁu—
tion to output the city quickly runs short of funds for any other kind of
infrastructure. When costs become much higher than other cities, creait
becomes unobtainable. Even if the country is fortunate with respect to
the current oil discoveries, the wealth would only last for decades while
a water system must be planned for centuries,

Transport poses problems almost equally imposing. The demand for
housing also appears overwhelming. The location of the Mexican capital
city on a marshy plain at a high altitude makes it relatively expensive to
meet basic human needs.

If the possibilities for growth do not exist, the Government has
other options. It could, for example, buy a coﬁmunications satellite and
establish the best possible communications with several other cities that
can accept the urbanizing pressures more readily -- Monterrey and Mexicali
come to mind, although they, too, encounter water problems. There might
also be some new city which needs to be created to manage the petroleum

development in Chiapas, far to the south. Institutions must be launched
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which promise to be of the same quality as in Mexico City. Other countries,
such as Korea and Nigeria, are actively considering the splitting of capital

functions for many of the same reasons.
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V. Seoul

From 1960 to 1975 Seoul was the fastest growing million-size metropolis
in the world. Population was added at the rate of 9-11% over most of these
years. Although the effects of this hyper-urbanization are still evident,
almost miraculously the expansion was quite well balanced (Meier, 1970).
Record rates of economic development were matched by equivalent rates of
social development. Most of the planning and management over this period
was the responsibility of the Seoul municipal government, but henceforth the
initiative will be taken by the national agencies.

The Seoul city government is almost unique among cities in less devel-
oped countries because it publishes for internal coﬁsumption a comprehensive
yearbook with current statistics and estimates; its coverage ranges from a
listing of land parcels owned by the Government to consumer price indexes,

"superstition" in the form of geomancers, mantra

to the distribution of
chanters, etc., as well as more standard categories.

The city government also found a number of ingenious solutions for
meeting thé housing shortage. 1In the 1960's it offered rights to floorspace
in unfinished apartments to the squatters on its land; they moved willingly
because the accessibility of the new Buildings was better than for their huts,
and they could get legitimate titles. 1In 1970 a satellite city was started
for blue collar workers, who built it virtually out of the soil upon which
it rests; by 1978 about 700,000 have been settled by means of such programs.
Shortly thereafter a self-help program for houses and neighborhoods transformed

the poorest areas of the city itself (Meier, 1974). Now the emphasis is

placed upon highrise apartment communities for the rapidly expanding middle

classes.
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The national government proposes that a new capital city will be created
nearer the center of population to accommodate administration. It will be connec-
ted by high-speed electric railway some time in the 1990's, thus accelerating
megalopolis formation along the Pusan-Seoul corridor. By 1995 it is expected
that over 40% of the national population will be concentrated along this line.

Korea as a whole has beéome a transformer of imported raw materials into
standard, low-priced exported manufactures (Asia Yearbook, 1978). Seoul
generates more manufactures than any other metropolitan area, but it special-
izeé in those requiring high technology and more highiy skilled labor. A
very large share of the energy consumed in the metropolis nevertheless is
imbedded in the exported manufactures. Electrical power consumption is pro-
jected to reach 3000 kwh per capita by 1997, five times the level in 1977.
The national plan is to construct 46 nuclear power stations by the year 2000,
of which eleven to fourteen (1000-2000 MW capacity) would be needed by Seoul.

The present plan for reconstructing Seoul assumes that pollution-free
fuels (kerosene, ING, and electricity) will replace the briquets now employed
in the household; this should reduce loss of life due to carbon monoxide
poisoning and the nuisance of disposing of briquet ash. Private cars with
fuel economizing engines are expected to become much more numerous in greater
Seoul, about one for every 10 persons in 1995 as compared to one for 170 in
1975 (Korea Development Institute, 1978).

Korea is now able to accumulate foreign exchange in the same manner as
Japan, though not at the same scale, so the odds are increasingly in favor
of its being able to acquire the necessary capital. The National Planning
Board projects that about 80% of the country's power should be derived from

nuclear fuels, and only about 27 from hydroelectric, with the remainder
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mainly from coal. The threat of air pollution in the lower Han River basin
around Seoul suggests that coal-fired generators be kept at a distance.
Because cold and cloudy weather is expected through winter and spring, Seoul
cannot make economic use of solar energy.

On the whole the future can be projected with greater confidence for
Seoul than for any other of these metropolises. 1Its evolution into the

Seoul-Pusan megalopolis in the 1990's, containing more than 25,000,000

population, seems inevitable.
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