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Figure 26.3. Comparison of electricity from {a) nuclear with electricity from (b) coal power plants. Numbers are eMergy

units.

breeder system, and we will have to await the
practical results and costs to learn if it is effective.
The U.S. stopped its breeder program and then
resumed it. However, few see the breeder as a
very important source of energy in the near future.

Importance of New Energy Sources

As part of the workd economy, any country may
prosper when energy sources are found in other
countries. The discovery of new oil fields or new
coal beds has the effect of lowering prices and
increasing net eMergy yield ratios for foreign
imported energy. However, coal may not have nst
eMergy yield ratios above 1 if transported great
distances.

Some proposed sources of energy once
discussed with high hopes -- and in some countries
even subsidized with government money -- appear
not to yield net eMergy. One of these, oil shale,
was thought to have the potential of yielding great
quantities of oil. The oil is contained in the shale
rocks, and many techniques were tried to release
the oil, but all used more energy than was yielded
by the process.

Converting One Fuel to Another

When one kind of fuel such as gasoline is in
short supply, it can be made from another, such as
coal, but about half the energy is used up in the

wasteful and ultimately more economic to use the
coal elsewhere in the economic system and buy
the gasoline.

- Many discussions are held about a hydrogen
economy. This is another example of converting
one kind of energy into another at considerable
energy loss. Electricity from nuclear power plants
can be converted into hydrogen gas, which is
versatile and can be used directly for
transportation. Hydrogen, like natural gas, is easily
piped but potentially explosive. At a time of little
expansion of the economy there is not likely to be
demand for very high quality gas that natural gas
cannot supply.

Future Sources

An examination of alternative sources possible
in the world does not show any new sources likely
to increase the net eMergy of our energy base.
This means that economic growth is not to be
expected unless rich new sources are found that
are not now known.

As mentioned earlier, many people do not
agree that resources are essential and think an
economy can be run with people serving each
other with intelligence and computers. This point
of view seems to be in violation of scientific fact.
The view that energy is not needed to run an
economy is contrary to the second law of
tharmndvnaminre



27. SIMULATING THE FUTURE

When an economy expands, when it crests, or
when it declines depends on the way the
renewable and nonrenewable resources within and
outside the country become available. Simulation
models can help us to visualize the way the future
may be affected by available energy sources. We
will first consider a model of world trends, followed
by a model of a single country or region as it
responds to the world influences. Such models
may be too simple to show the detailed ups and
downs, but they suggest long-range trends.

A Model of World Trends

The model in Figure 27.1 relates total world
assets and the global economy to the availability of
renewable and nonrenewable resources. The
renewable resources are soils and wood that are
"renewed” by the steady inflow of global solar
energy. The nonrenewables are the reserves of
fuels like coal, oil, and natural gas. The economic
assets are all the buildings, roads, machines and
goods produced by the world economic systems.
They are stored and fed back as needed to
increase production.

Further discussion of the diagrams and
programs in this chapter are found in the appendix.

Simulation Results of the Model of World Trends

Simulation results of the program are given in
Figure 27.2. The program begins over 300 years
ago with high storages of fuels, soils, and wood,
but with low economic assets. A steady state
pattem of resource use and economic assets is
soon developed and lasts until there is a great
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Figure 27.1. A simplified model of world trends.

pulse of world economic development using fuels,
which draws down the levels of environmental
resources until fuels are used up.

The graph in Figure 27.2 shows the rapid rise of
world economic assets followed by a decline to a
lower level that can be maintained on renewable
resources. The leveling and decline may have
already begun in some countries, and may be the
general trend for most countries by the year 2000,
as the net eMergy of available fuels and minerals
declines worldwide.

It is difficult fo visualize the real world economy
doing anything very different in the long run.
However, the exact shape and timing of the curves
in Figure 27.2 are beyond the scope of "macro-
minimodels”™ such as this. Small scale models do
not have enough detail to produce the small scale
up and down changes that may dominate a given
decade. Just when the crest of the world’'s assets

Assets

>~
=
-
z
§ Renewable sources
o (soils, wood)

start of fuel uset

|
1600 1900 2200

YEAR



relative price

1

will occur remains to be seen. World fuel
consumption has not increased in the last two
years.

Simulating a Country or State

A model of a country, including its natural and
human-operated economies was given in Figure
23.4. Notice that its resources include both those
within the country and those it can buy from
outside

Figure 22.5 also shows inside resources used
to get outside resources. A STATE model on the
left side of Figure 27.3 has water representing

Figure 27.3. Combined model of world and state.

environmental resources helping generate assets
which are traded for outside assets (goods,
services, fuels, etc).

Simulation of Country Growth Driven by Growth of
World Assets

The country trend model and the world model
are combined in Figure 27.3 and the combined
computer programs are given in Figure A.2 and
Table A.16 of the appendix.

The simulation results of the combined models
are given in Figure 27.4. Here the resources
imported by the country in exchange for exports
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Figure 27.4. Simulation of the state trend model driven
by the world model (Figure 27.3).
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Figure 27.5 Simulation of the state trend model {figure 27.3)

without connection to the world model.

are programmed to be in proportion to the world
assets. In this way the world model is made to
drive the country model.

In the top part of the graph in Figure 27.4 the
world assets grow and decline as in the simulation
in Figure 27.2. The growth of world assets makes
available increased supplies of resources to the
country’s economy after 1900 when fuels are
switched on. The country's assets (the bottom half
of the graphs in Figure 27.4) grow rather sharply
after 1300 in response to the increased availability
of resources from the world market.

As world growth crests and declines, the
availability of outside resources decreases and the
country’s growth levels off and declines to a steady
state sustainable by the renewable sources.
Water is restored to a level that was characteristic
of earlier steady state times before the pulse of
growth.

Simulation of Country Growth When There Are No
Outside Resources

If the country developed without any resources
obtained by trade with the rest of the world, it
would not grow much. In Figure 27.5 the
simulation shows the country economy builds upto

Figure 27.6. Simulation of state trend modal (Figure 27.3)
with a constant increase in world assets.
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a moderate level based on local environment
resources. This development of state assets pulls
down the environmental resources (water) to a
slightly lower level than before development.

Simulation of Country Growth with Steady
Increases in Availability of Outside Resources

Many people believe that the growth of world
assets will continue for a long time into the future.
In this third simulation, (Figure 27.6), the world
resources received in exchange for exports are
anticipated as increasing steadily throughout the
time of simulation.

As shown in Figure 27.6, the growth of state
assets do not continue indefinitely even though
more and more investments of fuels and goods
and services are received from outside. With such
a favorable availability of outside resources, ohe
would expect much growth in the economy of the
country. However, the environmental resources (in
this simulation they are represented by water) are
drawn down to such low levels that they limit
further growth of the economy. This corresponds
to some conditions that have been observed in
parts of the world at the present time.
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28. POPULATION AND CARRYING CAPACITY

As the population of the world continues to
increase, growth seems to be concentrating in a
few countries. The natural increase in the
population is a resuit of birth rates being greater
than death rates. As we move into the last decade
of this century, and the limits to economic growth
are felt more and more, two serious questions face
us all: how can the populations move within the
world in their search for some reasonable
combination of environmental quality and
economic  development? Once economic
development has reached its maximum, will the
population continue to grow, or will it start to
decline?

Standard ot Living

If population increases and resources do not,
then resources per person decrease. A person will
have less resources to meet his or her needs and
those of society. Sometimes we call the resource
portion per person the standard of living. One
measure of this is the eMergy use per person.
This is a better measure of individual resources
than income since it includes those natural
resources used directly from the environment
(fishing, hunting, air, water) or from other people
(bartering) without paying money.

Table 28.1 shows some comparisons among
countries. Notice the differences in total eMergy
use per year, total population, and the ratio of the
eMergy per person {a measure of the standard of
living).  Australia, with a combination of rich
resources and relatively low population, has a very
high eMergy use per person; whereas countries
like India with enormous populations and moderate
resources have a much lower standard of living.

Carrying Capacity

The carrying capacity is the number of
individuals that any area can support on the
available resources. In a human system it is the

Table 28.1. Standards of living for different countries in 1980.

Emergy Population Emergy

per year E6 people per person

E22 sej* E16 sej
Australia 109.0 14.5 7.6
Brazil 178.0 121.0 1.6
Dominica 0.7 0.1 0.8
India 61.0 626.0 0.1
Liberia 5.0 1.8 2.8
Netherlands 37.0 14.0 2.6
New Zealand 8.8 3.1 28
Poland 33.0 34.5 1.0
Spain 21.0 34.6 0.6
U.S.S.R. 383.0 260.0 1.5
u.s. 660.0 240.0 2.8
West Germany 1750 61.6 2.8
WORLD 1870.0 4300.0 04

* This includes environmental energies and fuels all
expressed in solar emjoules.

number of people that can be supported at a
specified standard of living (eMergy per person per
year) with its available resources. Predicting the
carrying capacity requires predicting the eMergy
resources that will be available. The carrying
capacity depends on the amount of hatural
resources and purchased or imported eMergy.

The Effect of Declining Resources on Population

There is much controversy among population
scientists about what the response of birth rates,
death rates, and migration trends will be as
economies begin to contract. In the future, the
ability of any country or region to support people at
current standards of living is expected to decline as
the resources available decline. In other words,
the carrying capacity will decline. The effect of
declining carrying capacity on populations is open
to some question; one answer is given by the
simulation model in Figure 28.1.
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Figure 28.1. Changes in world population based on chanqges in economic aseate Thn madot a: .



In this model economic assets control public
health (births, deaths, epidemics), and public
health controls population. In Figure 28.1, world
assets increase which in turn increases population
growth and the demand for nonrenewable energy
resources. Since the nonrenewable resources are
being used but not replaced, the assets begin to
decrease. Population rapidly follows the downtall
of the assets. Whether this model is an accurate
picture of the future remains to be seen.

The Investment Matching Principle

Economic growth and development involve
attracting outside high quality goods, services and
fuels which interact with the environmental
resources of sun, wind, rain, soils, etc. Thisis a
matching of high quality eMergy with lower quality
eMergy. Those inflows that have high eMergy
achieve their effects by amplifying lower quality

Figure 28.2. Investment ratio of the world. (10.7/8.0 = 1.3).

High quality

flows. In Figure 28.2 the eMergy in high quality -
fuels, goods, services and soil used is 10.7 £24

sejy. It interacts with 8 E24 sejy of free

renewable resources. The ratio of high quality

eMergy to renewable environmental eMergy is

called investment ratio. The average ratio for the

world is 1.3.

Whether an investor is attracted to a country or
region may depend on the investment ratio within
the country compared to alternatives elsewhere.
Many less developed countries have lower ratios
than the developed countries. This means they
have more unmatched resources to develop than
the countries with higher ratios. For example, the
investment ratio for India is 2.4, for Liberia itis 0.1,
and for Spain and the the U.S. it is 7. In fact,
recent trends indicate there is movement of
population and industry away from the more
developed and crowded areas to rural areas
having a good environmental base.

Production

E24 sejiyr

29. INTERNATIONAL EXCHANGE AND SYMBIOSIS

Systems that are connected to others by
exchange of commodities, goods, services,
information, and people do better than those that
are isolated. By exchange, every system gets
additional resources. By exchange, a system gets
things that would otherwise be scarce and limiting
to its economy. The principle that exchange
increases a system’s useful performance applies to
ecological systems and to whole countries. In
many of the diagrams in previous chapters, the
exchanges with other systems have been shown
with lines going in and out of the right side of the
system boundary.

In larger systems, such as national systems,
exchanges are usually arranged by people. Some
exchanges are commercial with products bought
and sold or exchanged by barter. Other
exchanges, often arranged by governments,
include arrangements for exchanging students,
sharing educational facilities, or arranging mutually
haneficial detanea traatine. FMerav measures can

Diagram of International Exchange

Figure 29.1 shows the main pathways by which
one nation {country #1) exchanges with another
(country #2). Commodities and products are
imported and exported. Some people migrate -
temporarily and others permanently. Ideas and
know-how are carried back and forth by student
exchange, by contractors, by lecture tours, and
especially by world-wide television.

Money that is paid for exports or imports is
shown in dashed lines. Money passes between
countries in payment for products, as foreign aid,
as military support, as loans and repayments, and
as expenditures of tourists and immigrants.

Balance of Money Exchanges

The money going out of a country may be
compared to the money coming into a country.
This is sometimes referred to as balance of
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Figure 29.1 Exchanges between two countries. The flow of money is represented by the broken line (---). Exp.,

exports.; imp., imports.

is some imbalance in the money exchange. Many
governments have a policy of trying to increase the
money received compared to that sent out. If they
succeed and have a positive money balance, they
can buy items they regard as high priority such as
fuels and military defenses.

Exchanging Money

When money passes from one country to
another the currency of one country has to be
converted to the currency of the other country. Or
both countries have to convert their money to the
market value in a common currency, such as the
U.S. dollar or Swiss Franc. The exchange rates of
currencies change every day, because the world
markets change their preference for one currency
or another. Everyone is familiar with the process
of changing his money to its equivalent in the
currency of the country he or she is visiting.

When one country sends out more of its money
than it is getting back, then its money accumulates
abroad and loses some market value. Money
traders then can make some profit by selling it
back to the original country. When a country’s
money is worth less in currency exchange
markets, it cannot buy as much abroad. However,
other countries can buy more products from the

EMergy Evaluation of Exchange

The eMergy of minerals, agricultural products,
forestry products and fuels is much higher than the
eMergy in the money paid for them in the market
place (Chapter 23). This is because the money is
paid for the human services at labor market prices,
but not for the large previous work of nature.

Thus, a country selling raw minerals,
agricultural products, forestry products, and fuels
at market prices provides much more stimulus to
the economy of the country that is buying than the
selling country receives in payment. Table 29.1
has examples of the higher macroeconomic values
of raw products when evaluated according to their
eMergy. For instance, while the market vaiue of
corn is $200 per ton, the macroeconomic value is
$540 per ton.

Some of the imbalances in standards of living of
different countries are due to the use of the wrong
value for determining what is fair trade. Countries
that export raw material send out more eMergy in
the products than they can purchase with the
money received from the sale.

Using EMerqy for Financial Transactions

The people in rural countries use more services

original country when they convert their currency. of the environment directly, without money
Table 29.1. Comparison of macroeconomic value and market value of raw products.
1978 market macroeconomic
ltem Unit value value
per unit per unit

Corn ton $200 $540

Fuel oil barrel 23 138

Wood kilogram 2.20 33

Plantation wood ton 5.70 42.75

Honey kilogram 1.17 4.10




payments, than the people in urban countries.
Rural people have their own farms, fruits, waters,
woods, minerals, places for waste disposal, and
places for recreation and do not pay anything for
them. On the other hand, in the city, nearly
everything is produced through services of people
and has to be paid for, including food, fuel,
housing, recreation, and waste disposal.
Therefore, urban countries circulate more money
for the same standard of living. Rural countries, by
contributing more eMergy directly to people, have
higher eMergy per unit of money.

In other words, the buying power of money is
higher in a rural country than in an urban
developed country. The ratio of eMergy/dollar,
introduced in Chapter 23, measures this greater
value of the money in rural countries. In
comparing the eMergy/dollar ratios for different
countries, their local currencies are given in U.S.
dollars. Table 29.2 compares ratios of eMergy/
dollar for countries with large rural areas with
countries like Switzerland with smaller rural areas.
There is little wonder that those with money seek
to buy products and invest in the less developed
regions, since their money buys more than it does
at home.

Balance of EMerqgy

If the eMergy of all the exchanges between two
countries are evaluated, the “balance of eMergy”
may be calculated. For two countries to be
mutually benefited, there should be an equal
balance of eMergy.

For example, if a rural country is supplying an
urban country with raw products at market prices,
more macroeconomic value goes to the urban

Table 29.2. EMergy per inteational dollar of money of
various countries, 1980.

EMergy-dollar ratio

Country E12 sej/$
Dominica 14.9
Australia 121
Brazil 6.9
New Zealand 3.4
U.SS.R. 3.4
U.S.A. 2.6
Switzerland 0.7

country. To make the exchange symbiotic (equaily
helpful to both countries), the urban country should
return the eMergy difference in some form such as
information, education, foreign aid, military
protection, or something that the rural country may
need.

Using EMergy to Determine Rates of Money
Exchange

Another way to make trading more equitable is
to determine the prices of the products bought and
sold according to their eMergy content. This would
return much more to rural countries, generate a
better balance of economies in the world, and
make countries better partners.

EMergy Evaluation of Loans

When a country with a high eMergy/$ ratio
borrows from one with a low eMergy/$ ratio it pays
back much more than it borrows.If it agrees to a
5% interest as expressed in international dollars, it
really is paying back several times higher interest
in real buying power. It is no surprise that many
international loans have thrown the borrowing
countries into economic depression. To avoid this,
loan repayments and interest should be set on an
eMergy basis.

EMergy Evaluation of Military Power

Wars sometimes come about through
miscalculations of military power. One country
may try to control an area which it does not really
have the means to control easily in the face of
opposition. EMergy evaluation can show in
advance what the relative resource potentials for
exerting power really are. With such evaluations,
those in diplomatic conferences can better predict
what the outcome of a war would be, and thus
make realistic agreements without war.

Symbiosis and Peace

One of the ideals of the world is that if good
mutual exchange relationships can be developed
between all countries, they become so symbiotic
and connected as partners in a common system
that many conflicts and wars are avoided. Having
exchange relationships on a fair eMergy basis
would go far to solve international problems.
















































