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As evidenced by the balance shown in Figure 3, the atmospheric
carbon exchange with the terrestrial biosphere and the oceans is so large
that srnall changes due Eo these feedback mechanisrns could drastically offset,
or add to the impacE of fossil fuel combustion on Ehe earthrs temperature.

Appendix A gives one, but not unanimous' viewpoint. of how the
environment night change if the feedback mechanisms are ignored. Ttre
contribution that will ultimately be made by these feedback mechanisms is
unknorrn aE Present.

Energy Scenarios for Various COc LimiEs

Using the CO2 atnospheric concentration data recorded to date,
the correlation of these data with fossiL fuel consumption and the proposed
Itgreenhouse effecttt models, thie study reviews various world energy consumption
scenarios to liuit CO2 atmospheric buildup. Ttre concentration of CO2 in
the atmosphere is controlled in these studies by regulaEing the quantity of
each type of fossil fuel used and by using non-fossil energy sources when
required. Ttre quantity of CO2 enitted by various fuels is shown in Table
1. Ttrese factors were cal.culat,ed based on the combustion energy/carbon
contenr ratio of the fuel and the thernal efficiency of the overall conversion
process nrhere applicable. They show the high Co./energy raEio for coal and
shale and the very higlr ratios for synthetic fuefs from these base fossil
fuels r*rich are proposed as fuels of the future.

The total world energy demand used in these scenarios is based
upon the predictions in the Exxon Fal.l 1977 Wotld Et".gy Ottlook for the
high oil trice case for the years 1976 to lgffiat no
changes in the sources of supply of energy could be made during this period
of time. Case A, which has no restrictions on CO2 emissions, follows the
high oi1 price predictiona until 2000.

Petroleum production and consumption is the same in each scenario.
The high oil price case predictions are followed until 2000. After 2000
petroleum production continues to increase until a reserve to production
ratio (R/P) equals ten to one. Production peaks at this point and then
continues at a ten to one R/P ratio until supplies run out.

The consumption of coat, natural gas and non-fossil fuels (fission/
fusion, geothermal, biomass, hydroelectric and solar power) vary with each
scenario. Shale oiL makes small contributions past the year 2000. It is
not predicted to be a major future energy source due to environmentat damage
associated with the mining of shale oil, and also due to rather large
amounts of CO2 enitted per unit energy generaEed (see Table 1). If more
shale oil were used, it would have the same effect on CO2 emissions as the
use of more coal. Ttre fossil fuel resources assumed to be recoverable are
tabulated in Appendix B.
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2000. Ttris dif ference of 2 billion B.O.E. is equivalenE to Ehe
power supplied by 214-1000 MI{ nuclear Poner plants oPerating at
607. of capacity. If it were supplied by methane produced from
biomass, it would be equivalent to 801000 square miles of biomass
at a yield of 50 ton/acre, heat value of 6500 Btu/dry pound and a
352 ctnversion efficiency to methane. Therefore even a 2O7 it-
crease in non-fossil fuel use is a gigantic undertaking.

Ttre magnitude of the change to non-fossil fuels as major energy
sources is more aPParent lthen scenarios A and B are comPared in the
year zoz5. scenario B requires an 85 billion B.o.E. input from
non-fossil fuels in ?025. This ie almost double the 45 billion
B.O.E. inpur predicted in scenario A. Ttris 35 billion B.o.E.
differenc" i" "pp.oximately equal to the t'otal energy consumption
for the entire world in 1970-

Ttre environmental changes associated with Ehis scenario wouldn't be
as severe as if the CO2 concentration were allowed to double as
in scenario A. Noticeable temPerature changes would occur around
20I0 wtren the CO2 concentration reaches 400 pprn. Significant
climate changes would occur as the atmospheric concentration nears
500 ppn around 2080. Even though changes in the environment due
to increased atmospheric CO concentrations are uncertain, an
increase to 500 ppm would probably bring about undesirable clinatic
changes to many parts of the earth although other areas may be
beneiitted by the changes. (See Appendix A, Part l)-

COr Increase Limited to 440 pPm

Ttris scenario lisrits future atmospheric CO2 increases to a 502
increase over the pre-industrial concentration of 290 pprn. As in
the previous case, no timitations are placed on petroleum produc-
tion and increased natural gas production is encouraged. Much
emphasis is placed on Ehe developrrent and use of non-fossil fue1s.
Non-fossil fuels are substituted for coal beginning in the 1990rs.
By 2010 they will have to account for 5O7" of the energy supplied
worldwide. Thie would be an extremely difficult and costly effort
if possible. In this scenario coal or shale will never become a
major energy source. Figure I0 shows the future world energy
demand by fuel for Ehis scenario.

The atmospheric CO2 concentration trends for this scenario are
shown in Figure ll. To satisfy the lirnits of this scenario
the yearly COZ emissions would have to peak in 1995 aE 2.0 pprn,
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and Ehen rapidly decrease reaching a value of 0.04 ppm in 2100. A
0.04 ppm naximum allowable increase means that unless removal/dis-
posal methods for CO2 emissions are available only one billion
B.O.E. of coal may be directly combusted in 2100 (or 1.4 billion
Barrels of Oil). Ttris would be less than lZ of the lotal energy
demanded by the world in 2100

To adhere to the 440 ppur linit, non-fossil fuels will have to
account for 28 billion B.O.E. in 2000 as compared to 20 billion
B.O.E. in scenario B and 18 billion B.O.E. in scenario A. Ttris
difference between scenarios A and C of l0 billion B.O.E. is
equivalent to over 1000, 1000 MW nuclear power plants oPerating at
60ll ot capicity. Ten billion B.O.E. is also approximately equiva-
lent to 4001000 square miles of biomass at 357" conversion effi-
ciency lo methane. Ttris is equivalent to almost one-half the total
U.S. forest land.

By 2O25 the 110 billion B.o.E. input from non-fossil fuels called
for in this scenario is more than twice as much as the 45 billion
B.O.E. input predicted in scenario A. This difference of 65
billion is approxinately equal to the amount of energy the entire
world will consume in 1980. In tetms of power plants, 65 billion
B.O.E. is equivalenE to almost 7000, lO00 MW nuclear power plants
operating at 6O7. ot capacity.

An atmospheric CO2 concentration of 440 ppm is assumed to
be a relatively safe level for the environment. A slight global
warming trend should be noticeable but not so extreme a8 to cauee
rnajor changes. Slight changes in precipitation night also be
noticeable as the atmospheric CO2 concentration nears 400 ppn.

S. KNISELY
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Fuel

SNG froo Coal

Coal Liquids

Methenol frm Goal

II2 frm Coal Gasif icat ion

Shale Oil
Bituminous Coal

Petroleum

Natural Gas

triesion/Fusion

Biomass

SoIar

Table I

@e EMISSIONS

0.35

a32
0.38

0.38

o.23

.2L

.15

.11

Z of Present
CO. Out,puE

0

0

0

0

0

382

492

r3z

0

0

0

0

0

0

* Includes converaion losses t*rere applicabLe.





. The present troplcs rtould be hotter, more hurnld, and less hablt-
able, but the preaent teaperature latltude would be warmer and
rcre habltable.



b1798

APPENDIX B

FOSSIL FUEL RESOURCES

Oil Assume t.6 trillion barrels of oil potentially recoverable
as of 1975 (agsuming the future recovery rate to be 402r.
ltre ninimun allowable Reserve to Production (R/P) ratio is
ten one

Shale Oil Potential of 3.0 trillion B.O.E. but aesuming 1977 tech-
nology only 20O billion B.O.E. actuaLly recoverable-

Natural Gas Approximately 1.6 trillion B.O.E. potentially recoverable.
Minimun allowable R/P = 7.1.

coal :::iil::":;:;:"::::Jil":"::":::::.i::'ffi'::::L::"1ity.
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APPENDIX C

CONSTRUCTION OF SCENARIOS B AND C
(scena ncrol )

l. Scenario B

the CO2 concenEration vs. year curve in Figure 9 was generated
by the folLowing equation

afEer 1970 (t = 0), then

xC = 292 ppm + 2L9 ppr^/[l + 5.37 exp. Gt/Z4 years)l

where C = concenEration in PPm

The curve on the lower section of Figure 9, atmospheric co2
increase vs. years, is generated by finding the difference in the concentra-
tions of successive years. This curve gives the maximum yearly increases
allowable to stay within the lirnits placed on this scenario. The amount of
fossil fuel that may be consumed in any given year can then be. calculated by
the lower curve. For examPle:

In 2100 the maximum allorrable CO2 increase equals 0.2 ppm'

This is equivalent to:

2PPrn x $$!:lJ x +ftl!- x $ffi =3.rxrol2 lbco2

3.1 x tOl2 tU CO2 nay be released by the combustion of:

forcoar_, @ x 1990=Pt9- '1B'o'E'+ ;zTTffio2 '- 5--8-T-ro6 rtu
= 2.5 billion B.O.E. of coal

This scenario is based on Ehe assumption that 507', of CO2 re-
leased each year will always be absorbed by the ocean and the rest will
renain in the atmosphere.

FDerived Trom an equation presented by U. Siegenthaler and ll. Oeschger
(1978) (see references).



aL798

-2-

2. Seenario C

Ttre equatlon for the generatton of F!.gure 11 ls derlved
to be,

after 1970 (t - 0) r then

*C - 292 ppD + 146 ppn/tl + 3.37 exp. (-tlz0 years)I

Thle scenarlo ls the saoe ae Scenarlo B ooly with dlfferent llnlts'
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Flgure 4
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Flgure 5

TEMPERATURE EF!:ECT OF DOUBLING COZ
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Figure 6

WORLD ENERGY DENNAND BY FUEL
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Figure 8
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Figure 9
IN ATMOSPHERE
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Figure 11.
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