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CONTROLLING THE COo CONCENTRATION IN THE ATMOSPHERE

The CO7 concentration in the atmosphere has increased since the
beginning of the world industrialization. It is now 15% greater than it was
in 1850 and the rate of CO7 release from anthropogenic sources appears to
be doubling every 15 years. The most widely held theory is that:

o The increase is due to fossil fuel combustion

e Increasing COp concentration will cause a warming of the earth's
surface

o The present trend of fossil fuel consumption will cause dramatic
environmental effects before the year 2050.

However, the quantitative effect is very speculative because the data
base supporting it is weak. The COg balance between the atmosphere, the
biosphere and the oceans is very ill-defined. Also, the overall effect of
increasing atmospheric CO2 concentration on the world enviromment is not
well understood. Finally, the relative effect of other impacts on the
earth's climate, such as solar activity, volcanic action, etc. may be as
great as that of COj.

Nevertheless, recognizing the uncertainty, there is a possibility
that an atmospheric CO buildup will cause adverse environmental effects
in enough areas of the world to consider limiting the future use of fossil
fuels as major energy sources. This report illustrates the possible future
limits on fossil fuel use by examining different energy scenarios with
varying rates of CO7 emissions. Comparison of the different energy
scenarios show the magnitude of the switch from fossil fuels to non-fossil
fuels that might be necessary in the future. Non-fossil fuels include
fission/fusion, geothermal, biomass, hydroelectric and solar power. The
possible environmental changes associated with each scenario are also
discussed.

CONCLUSIONS

As stated previously, predictions of the precise consequences
of uncontrolled fossil fuel use cannot be made due to all of the uncer-
tainties associated with the future energy demand and the global COq
balance. On the basis that CO; emissions must be controlled, this study
examined the possible future fuel consumptions to achieve various degrees of

control. Following are some observations and the principle conclusions from
the study:

e The present trends of fossil fuel combustion with a coal emphasis
will lead to dramatic world climate changes within the next 75 years,
according to many present climatic models.
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Figure 3 shows the carbon cycle with the ocean and the biosphere as sinks
for approximately 50% of the fossil fuel emissions. Most models show the
ocean to be a major sink while the biosphere appears to be a much smaller
sink if it absorbs any CO2 at all. It is clear from Figure 3 that the net
atmospheric increase in CO is quite small compared to the quantities of
COy exchanged between the atmosphere and the earth. This makes it very
difficult to analyze the fossil fuel impact on the overall carbon cycle.

The fossil fuel resource is very large compared to the quantity of
carbon in the atmosphere. Therefore, if one half of the CO7 released by
combustion of fossil fuels remains in the atmosphere, only about 20% of the
recoverable fossil fuel could be used before doubling the atmospheric COjp
content.

The concern over the increasing COy levels arises because of the
radiative properties of the gas in the atmosphere. COj does not affect
the incoming short-wave (solar) radiation to the earth but it does absorb
long-wave energy reradiated from the earth. The absorption of long-wave
energy by CO; leads to a warming of the atmosphere. This warming phe-
nomenom is known as the '"greenhouse effect."

A vast amount of speculation has been made on how increased COp
levels will affect atmospheric temperatures. Many models today predict that
doubling the 1860 atmospheric COp concentration will cause a 19 to 5°C
global temperature increase (see Figure &). Extrapolation of present fossil
fuel trends would predict this doubling of the COp concentration to occur
about 2050. A temperature difference of 5°C is equal to the difference
between a glacial and an interglacial period. The temperature increases
will also tend to vary with location being much higher in the polar region
(see Figure 5). These temperature predictions may turn out too high or low
by several fold as a result of many feedback mechanisms that may arise due
to increased temperatures and have not been properly accounted for in
present models.

These mechanisms include:
e A decrease in average snow and ice coverage. This 1s a positive

feedback mechanism since it would result in a decrease of the earth's
albedo (reflectivity) which would produce an added warming effect.

e Cloud Cover. This is considered the most important feedback mechanism
not accounted for in present models. A change of a few percent in
cloud cover could cause larger temperature changes than those caused by
COy. Increased atmospheric temperature could cause increased evapora-—
tion from the oceans and increased cloud cover.

@ Ocean and Biosphere Responses. As the COy level is increased
and the ambient temperature rises, the ocean may lose some of its
capacity to absorb COg resulting in a positive feedback. However,
increased COp levels could increase photosynthetic activities which
would then be a negative feedback mechanism.
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No Limit on COy Emissions

In this scenario no limitations are placed upon future fossil fuel
use. The use of coal is emphasized for the rest of this century
and continues on into the next century. The development and use of
non-fossil fuels continue to grow but without added emphasis.
Natural gas production continues at a slowly increasing rate until
an R/P ratio of 7/1 is reached around 2030. Production after 2030
continues at a 7/1 ratio until reserves run out. Figure 6 shows
the future energy demand for this scenario.

Figure 7 shows that the COp buildup from this energy strategy

is quite rapid. The yearly atmospheric CO2 increase rises from
1.3 ppm in 1976 to 4.5 ppm in 2040. Noticeable temperature changes
would occur around 2010 as the concentration reaches 400 ppm.
Significant climatic changes occur around 2035 when the concentra-
tion approaches 500 ppm. A doubling of the pre-industrial concen-
tration occurs around 2050. The doubling would bring about dra-
matic changes in the world's environment (see Appendix A). Con-—
tinued use of coal as a major energy source past the year 2050
would further increase the atmospheric CO level resulting in
increased global temperatures and environmental upsets.

CO02 Increase Limited to 510 ppm

This energy scenario is limited to a 75% increase over the pre-
industrial concentration of 290 ppm. No limitations are placed on
petroleum production. Natural gas production is encouraged beginn-
ing in 1990 to minimize coal combustion until non-fossil fuels are
developed. Production of natural gas would increase until 2010
when an R/P ratio of 7/1 would be reached. Production would then
continue at a R/P of 7/1 until supplies ran out. The development
and use of nonfossil fuels are emphasized beginning the 1990's.
Non-fossil fuels start to be substituted for coal in 1990's.

Figure 8 shows the future energy demand by fuel for this scenario.

Figure 9 shows the atmospheric COp concentration trends for this
scenario. The lower graph shows the maximum yearly atmospheric

CO2 increase allowable for the 510 ppm limit. The yearly CO2
increase peaks in 2005 when it amounts to 2.3 ppm and then steadily
decreases reaching 0.2 ppm in 2100. A 0.2 ppm increment is equiva-
lent to the direct combustion of 5.1 billion B.0.E. of coal. This
would be approximately 2 to 3% of the total world energy demanded

in 2100. (For more detail on the construction of Figure 9, see
Appendix C.)

A comparison of the Exxon year 2000 predictions and this scenario's
year 2000 requirements shows the magnitude of possible future
energy source changes. The Exxon predictions call for nonfossil
fuels to account for 18 billion B.0.E. in 2000. This scenario
requires that 20 billion B.0.E. be supplied by non-fossil fuels by




























































