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       Renewable Natural Resource Technologies
As noted previously, renewable natural resources are those that within
a given positive rate horizon can be renewed.  Solar energy is the
underlying source, which in turn affects the level of photosynthesis in
plants, and the magnitude of wind, solar, and tidal energy.  We include
in this category also the role of geothermal and hydro technologies as
they also are affected by solar energy radiation.



                               Water Resources
From the earth’s hydrological cycle, we focus on three dimensions of a key
natural resource, namely, water.  Rainfall is critical to agriculture, to human
settlement densities, to the availability of hydropower mechanical and electrical
energy, as well as to common property fishing resources.  Rainfall also is
erratic in many parts of the world, and the variability of rainfall subjects
populations to periodic drought in agricultural crops, as well as the risk of
famine for some populations.  How accumulated stocks of water are used
depends in part on the technology of accumulation, purification, and the
disposal of waste products from human activity.  Since only a fraction of the
world’s accumulated stocks of water are potable, how water is priced ultimately
has a significant bearing on economic and environmental efficiency.



                                Clean Water Access Rates
As population growth expands, unless offset by energy efficient
technologies, access rates to clean potable water may not expand,
and may even decline.  Much of the failure to improve clean water
access rates can be traced to the absence of clearly defined and
judicially enforced property rights, with the result that populations may
remain at rising levels of health risks.



               Climatic Dimensions in Natural Resource Decisions
The level and variability of rainfall has a critical impact on agriculture.
Terracing, fertilizer additions, seed multiplication and genetic modification,
and the use of irrigated systems can maintain productivity, but the net gain
in terms of energy use may not be as great as it appears, once one
considers the cost of these innovations. In turn, yields may be affected as
deforestation expands and the amount of arable land declines as
conversion proceeds to accommodate larger population levels.



Comparative Agricultural Yields



Cereal Yields in Ethiopia



                                   Hydropower Technology
Beyond agriculture, water resources also are an alternative to the use
of exhaustible fossil and nuclear resources in the generation of
electricity.  The potential of hydropower is determined by variations in
the elevation of land over which water passes, how concentrated into
rivers are those flows, and the density and variability of annual rainfall.



                                    Solar Energy Technology
Solar energy technology utilizes direct radiation from the sun to provide
space heating, the generation of steam that can be used to operate an
electrical generating unit, or direct conversion of solar radiation into
electricity. For the latter, much depends on the energy efficiency of
semi-conductor materials used in the collection, concentration, and
conversion of solar radiation into electrical charges.

                              Calculating Solar Energy Potential
The potential level of solar energy in a given environment depends on the angle
of the surface relative to the sun, and on the intensity of radiation as a function of
latitude.  For the United States, aggregate solar radiation arrives at an
approximate rate of 1650x1012 watts. Allowing for seasonal and nocturnal
variations, if solar radiation is released t this rate for only half of any average
year, then the annual flow would provide the following total amount of energy:

E = 1650x1012 watts x 8760 hours per year/2
   = 7.227 x 1018 watt-hours.

Since one watt-hour is equal to 3.413 Btu’s, the theoretically available solar
energy in the United States amounts to 2.4666 x 1019 Btu’s, or 24,700 quads.
This is over 300 times the amount of energy consumed from existing fossil,
nuclear, and hydropower resources. For developing countries in more tropical
climate zones, the ratio would be much higher.



                Calculating Solar Heating Collector Requirements
Consider the storage capacity of a hot water tank. At 400 C, it can store up to1.67 x 105

joules (158.48 Btu’s) of energy per kilogram.  For a typical 140 square meter (1,500
square foot) residential structure, around 800 million joules (759,200 Btu’s) of energy
per day for space and water heating.  If the residence uses a solar collector with an
efficiency of 500 watts per square meter, then over the course of a seven-hour day, the
energy per square meter of collector space would be be 3,500 watt-hours, or 12.6x106

joules.  The collector space needed to sustain 100 percent of daily space and water
heating is thus:

A = (8x108 joules of daily consumption)/(12.6x106joules/m2/day)
   = 63.49 m2

The volume of water necessary to sustain daily energy consumption is obtained by
dividing daily consumption b the thermal capacity of water.  In the present case, the
necessary water storage volume is:

V = (8x108 joules of daily energy consumption)/(1.67x105 joules/kg of water storage)
    = 4,790 kg = 4.79 cubic meters of water = 1,264 gallons of water.

The preceding can be expanded to allow for the infrequency of cloud-free sunny days,
based on the underlying climate regime.

Three variations of solar systems are illustrated below.



                       Biomass and Biofuel Natural Resources
While solar technologies can provide substitution possibilities for reliance
on traditional and enhanced fossil and nuclear fuel technologies. Biomass
resources include cellulose and charcoal based wood, bio-digested gas
from organic wastes, as well as recycled solid waste for use as fuel in
cooking. We illustrate here some variations of these resources.

For some economies such as the U.S., continued application of energy in
the form of fertilizers, and in energy-saving capital equipment has permitted
a reduction in the amount of farmland as well as in the size of the farm
population, even though total agricultural production has increased.  This
has enabled the U.S. to consider not only self-sufficiency in major food
crops, but also to consider the production of non-food biomass resources
such as ethanol, which functions as a substitute for refined gasoline, and is
now widely used throughout the U.S.

For developing economies, food self-sufficiency often does not exist, nor is
domestic food production typically sufficient to reach daily kilocaloric intake
levels consistent with maximization of life expectancy.  As a result, biomass
fuel production is more problematic than elsewhere.



Residential Primary Energy Fuels in Ethiopian Cooking and Heating

Ethiopia relies more on wood energy resources for household
cooking and heating than countries with a higher level of per
capita income such as China or India. Because a substantial
proportion of fuelwood consumed is collected rather than
purchased, there is less incentive to consume fuelwood
efficiently through the use of stove technologies, while at the
same time, it leads to accelerated deforestation, especially in
the absence of well-defined property rights.

When broken into rural and urban samples, however, urban
consumers purchase a much higher share of their fuelwood
than do rural consumers, pointing to the costs of transportation,
as well as to a mechanism whereby fuelwood may be priced
more closely to its opportunity cost in the future as urbanization
proceeds.



Rural-Urban Differences in Residential Primary Energy
Fuels in Ethiopian Cooking and Heating



Comparative Differences in Energy Consumption in
Developing Countries

Comparative studies on energy use patterns vary significantly
across countries.  The higher is the level of per capita income,
the higher is the share of commercial energy.

In addition, the higher is the level of per capita income, the higher
is the end use energy efficiency.  This reflects to some extent
differences in the age and vintage of energy-using capital stocks.

Finally, the higher is the level of per capita income, the lower is
the level of aggregate energy intensity. This difference provide a
further reflection of the impact of energy-conserving capital
stocks.



Geothermal Energy Technology
Countries as disparate as Iceland, Italy, and Ethiopia are
endowed with significant potential for geothermal energy.  The
natural release of hot air and gases from fissures in the earth’s
surface plates can be tapped to generate steam for the operation
of commercial electric generating stations.  Shown below is a
geographic distribution of geothermal sites, followed by an
illustration of basic geothermal steam generation technology.



Wind Energy Technology
Wind energy potential is significant for many countries, including many developing
countries such as Ethiopia.  Wind energy has long been used to empty flooded regions, as
in Holland centuries ago, and to lift water from boreholes in arid climates, as in the
southwestern United States and in the Sahel of West Africa.

More recently, windmill technology has been refined to be able to generate electricity from
large scale windmill grids.  This already exists in California in the U.S., in Denmark, the
U.K., Germany, and France in Europe, and is now an option for developing countries
seeking to install generating capacity with fewer adverse effects on the environment in
comparison with traditional fossil fuel or nuclear technologies.



Calibrating Wind Energy Technology Requirements
The kinetic energy from a windmill can be calculated as follows:
E = (.5)ρV2 joules per cubic meter, where ρ is the density of air, that is, its
kilogram unit mass divided by its cubic-meter volume.  V2 is the square of
the meters-per-second velocity of air.  In turn, when a volume of air moves
one meter, we can derive the available power per square meter of air as:

P = EV
   = (.5)ρV3 watts per square meter.

Not all air flows can be converted to power.  Moreover, in the case of rotary
windmills, power can not be expressed in simple cubic-meter blocks.  To
adjust for efficiency, we restate the above as follows:

P = 2πr2ρV3a(1-a)2, where:

     πρ2 is the cylindrical volume of air, in cubic meters;
     ρ is the density of air, V3 is the cube of the velocity of entering air; and
     a is the axial interference of the mindmill rotors, defined by the pitch of
        the blades, as well as their number, width, and thickness.

When the rate of change in power is computed as a function of axial
interference, it is possible to determine the most efficient degree of axial
interference needed to obtain the maximum power from a given windflow.  It
turns out that this occurs when the coefficient, a, has a value of .33, which
when inserted into the preceding equation yields:

Pmax = 2πr2ρV3(.333)(1-.333)2.

               = (8/27)πr2ρV3

The theoretical net efficiency of a given wind machine is then defined as the
ratio of the maximum output to its actual output, i.e,:

Π =  [(8/27)πr2ρV3]/[.5πr2ρV3]

     = (16/27) = .5926 = 59.3 percent.

In practice, there are may possible configurations of wind energy
technologies.  Illustrated here are some of those alternatives.



Alternative Wind Energy Configurations

U.S. Annual Gross Renewable Energy Potential
For the U.S. alone, the annual gross renewable energy potential is over eight
times the presently known stocks of recoverable fossil fuel resources and is
127 times the presently known stock of nuclear energy reserves using
conventional fission technology.  Yet substitution requires ultimately
consideration of relative life cycle costs relative to the level of aggregate
energy demand by end use.  Such comparisons apply equally to developing
economies as well.



Alternative Energy Storage and Conversion Technologies

One issue in any shift from exhaustible to renewable energy resources is the
capacity for energy storage and conversion.  Energy can be stored through air
compression, through flywheel technology, through batteries, and through
hydrogen.  Without examining in detail how each of these technologies works
here, we illustrate in the table below the various levels of maximum energy
storage density associated with these alternative technologies.  The economic
competitiveness of any one of these depends on the level of production, the
costs of production, and on relative prices in each potential end-use sector.
Common end use storage technologies include batteries used in computer
laptops, pda’s, cellphones, hybrid and all-electric vehicles, as well as in
storage-backup systems for central electricity generation.



Hydrogen Powered Vehicles

Fuel cell technology now competes with hybrid electric and all electric vehicle
technology.  The basic technology of fuel cells is illustrated above, and shows
that vehicles can use fuel cells to generate electricity to provide energy to
vehicles, and the only exhaust emission is water.  The problem with hydrogen
energy technology is that it requires a primary energy source to produce, and
must be compressed if it is to substitute for traditional gasoline and diesel
powered vehicles.



Organic Natural Resources and Recycling Technologies

Given the relative inefficiencies of various traditional and hybrid technologies,
environmental conservation may be as well served by adoption of
recycling,and organic technologies, including biogas.  We illustrate here the
potential of these technologies, which may be of more immediate practical
import to developing economies.



                                  Environmental Effects of Biofuels
Biofuels have the appeal of substitutability for traditional gasoline fuel.  There
are, however, limits to the substitutability.  Among them are the energy
efficiency of ethanol, the principal biofuel grown from corn or sugarcane, and
secondly, environmental emissions from the conversion of biofuels into end
uses.  Finally, biofuels may compete with food production at some point, thus
raising the cost of food beyond what it would be otherwise.



                                                   Conclusions
The adoption of any of the various renewable, and alternative storage and
conversion technologies depends not just on the underlying compatibility with
existing forms of energy use, but also on relative prices.  What remains fairly
clear is that rising concern over carbon emissions from the combustion of
fossil fuels places growing pressure on increasing the efficiency of energy
conversion processes, the adoption of lower carbon emission technologies,
and selecting choices that are as compatible as possible with existing
economic patterns of production and consumption of goods and services.

How this is to be accomplished depends on the pricing of energy and natural
resources.  From an economic perspective, this means taking into account all
forms of market failure, and finding mechanisms to minimize the adverse
effects of natural resource use in ways that are consistent with achieving
rising standards of living, some form of sustainability in the use of natural
resources, and mechanisms to contain the adverse effects of global climate
change.


