il Shales and Carbon Dioxide

Reports

Abstract. During retorting of oil shales in the western United States, carbonate
minerals are calcined, releasing significant amounts of carbon dioxide. Residual or-
ganic matter in the shales may also be burned, adding more carbon dioxide to the
atmosphere. The amount of carbon dioxide produced depends on the retort process
and the grade and mineralogy of the shale. Preliminary calculations suggest that
retorting of oil shales from the Green River Formation and burning of the product
oil could release one and one-half to five times more carbon dioxide than burning of
conventional oil to obtain the same amount of usable energy. The largest carbon
dioxide releases are associated with retorting processes that operate at temperatures

greater than about 600°C.

Recent national energy policy pro-
posals have focused attention on the un-
certain climatic consequences of CO,
released by producing and burning syn-
thetic fuels (/). Throughout these dis-
cussions, the potential for CO, release
during the production and consumption
of oil from shale has not been fully con-
sidered. Certain processes for devel-
oping some U.S. oil shales may generate
more CO, per unit of usable energy pro-
duced than any other synfuel devel-
opment. Specifically, methods utilizing
high-temperature retorting (that is, re-
torting at temperatures above about
600°C) of our western oil shales may
cause more CO; to be released through
decomposition of carbonate minerals
than the amount of CO, that will sub-
sequently be generated by burning the oil
produced. Thus the Green River oil
shales should not be ignored as a poten-
tially significant future source of COs,.

Approximately 90 percent of the na-
tion’s (and 60 percent of the world’s)
identified oil shale resources occur in the
dolomitic marlstones of the Green River
Formation of Colorado, Utah, and Wyo-
ming (2). Dolomite is found throughout
the formation, and the marlstones also
contain significant local occurrences of
carbonate minerals such as calcite, nah-
colite, and dawsonite (3). The oil (and
accompanying gas) is extracted by heat-
ing the rock to temperatures from about

500° to 1100°C, depending on the retort- -

ing technique used. At high temperatures
(greater than about 600°C), significant
amounts of the carbonate minerals are
calcined, liberating CO, (¢).

Many oil shale retorting techniques
have undergone small-scale testing. In
general, the retorting temperatures de-
pend on how the shale is heated. Low-
temperature indirect retorting processes,
in which heat is typically derived from an
external source, operate at temperatures
near 500°C. Indirect retorting does not
appear significantly calcine the car-
bonate minerals. High-temperature re-
torting processes typically utilize heat
generated directly by the combustion of
some of the organic carbon in the shale
inside the retort. Such processes com-
monly result in temperatures of 700° to
1100°C—high enough to calcine the car-
bonate minerals. Recent testing has dem-
onstrated that some high-temperature
methods may cause complete decompo-
sition of the carbonate minerals in oil
shales that reach these temperatures (5).

In addition to creating the potential for
carbonate decomposition, oil shale re-
torting releases CO, from the com-
bustion of organic carbon. Like the other
synthetic fuels, shale oil typically re-
quires more energy for its production
than does its conventional counterpart,
crude oil. Most of the extra energy re-
quired is the heat used to convert the sol-
id kerogen into liquids and gases. This
heat may be supplied by burning some of
the retorted oil or gas; or, in some retort-
ing processes, by burning organic matter
left in the shale after the oil and gas are
extracted. In preliminary field tests of
one method of high-temperature direct
retorting, less than half of the organic
matter was recovered as oil (5, 6). Much,
if not all, of the remaining organic matter
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may be burned inside the retort. Al-
though this and many other methods of
shale oil recovery are still in the early
stages of development, expected im-
provements are not likely to sub-
stantially reduce the CO, produced at
high retorting temperatures.

The amount of CO, produced by ex-
tracting and burning shale oil can vary
widely depending on variations in miner-
alogy, organic content, and retorting
technique. Estimates can be based on
preliminary data from pilot retorts of oil
shale from the Green River Formation in
and around the Piceance Creek basin in
Colorado (7). These data indicate that
shale oil produced by low-temperature
retorting yields about 30 kg of carbon as
CO; (kgC) (8) for every million British
thermal units (Btu’s) of usable energy
(MBtu). This figure represents CO, gen-
erated by retorting and burning the oil,
and is significantly higher than the CO,
produced by burning conventional fuels
(about 15 kgC/MBtu for natural gas, 21
kgC/MBtu for crude oil, and 25 kgC/
MBtu for bituminous coal). Extraction
and consumption of several other syn-
thetic fuels likewise generate about 30
kgC/MBtu (9). In contrast, retorting and
burning shale oil produced by high-tem-
perature direct retorting of the Green
River Formation could generate as much
as 70 kgC/MBtu for shale that assays at
25 gallons of oil per ton and 110 kgC/
MBtu for shale that assays at 10 gallons
of oil per ton (/0).

Like all current efforts to anticipate fu-
ture CO, production rates, our calcu-
lations are tentative. We have assumed
that high-temperature direct retorting
methods completely calcine the carbon-
ate minerals and burn all of the unex-
tracted organic matter, yet no complete
material balance data are available (6).
Inhomogeneous temperatures in the retort
may leave regions of incomplete reac-
tion, and some CO, may be consumed by
recarbonation reactions during or follow-
ing the retorting process. These effects
might decrease our estimates for CO,
production. On the other hand, temper-
ature inhomogeneities might also de-
crease recovery efficiency and hence re-
duce the usable energy yield relative to
the amount of CO, generated. Moreover,
we have not taken into account the addi-
tional CO, generated by energy require-
ments for construction, mining, pollution
control, preliminary refining, and mar-
keting.

How much CO, will shale oil produc-
tion and consumption add to the atmo-
sphere? An industry in the Piceance
Creek basin producing 1 million barrels
of oil per day would require retorting
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each year the equivalent of 0.8 X 10° to
1.3 X 10° tons of shale assayed at 20 gal-
lons of oil per ton. The corresponding
annual release of carbon as CO; from re-
torting and burning the shale oil could
range from about 0.06 X 10° tons (for
low-temperature retorting, 100 percent
recovery as measured by modified Fi-
scher assay) to 0.17 x 10? tons (for high-
temperature direct retorting, 60 percent
recovery as measured by modified Fi-
scher assay). For comparison, burning 1
million barrels of conventional crude oil
per day generates about 0.04 X 10° tons
of carbon as CO, each year.

The present rate of production of car-
bon as CO, from conventional fuels is
close to 5 X 10° tons per year; hence, if 1
million barrels of shale oil were con-
sumed each day in addition to present
consumption of conventional fuels, the
annual global production of CO, from
fossil fuels would increase by 1 to 3 per-
cent. If 1 million barrels of shale oil were
substituted each day for the same
amount of conventional oil in the present
worldwide fuel mix, the corresponding
increase in CO, production would be 0.5
to 2.5 percent of the present annual glob-
al flux of CO, from utilization of fossil
fuels.

Although extrapolation into the future
is quite speculative, recent government
reports suggest an upper limit for the cu-
mulative production of CO, from west-
ern U.S. oil shales by the year 2000 (/7).
Loosely based on commercialization
projections, our estimate for this limit is
the equivalent of production by high-
temperature retorting of 1 million barrels
per day for 20 years. During this time,
retorting and burning that much shale oil
would produce 3 X 10°to 4 X 10° tons of
carbon as CO,, or 1 to 2 percent of the
150 x 10° to 300 X 10° tons anticipated
from utilizing conventional fossil fuels
between 1980 and 2000 (/2). The total
identified resources (2) in the Green Riv-
er Formation amount to about 1.8 x 102
barrels contained in S X 10 tons of
rock. If half of these resources is even-
tually recovered with high-temperature
techniques and subsequently burned, the
total release to the atmosphere of carbon
as CO, could be about 300 X 10° tons.
The rate of CO, release from oil shales
will ultimately depend on the method
and rate of exploitation which could last
for more than a century.

ERric T. SUNDQUIST
U.S. Geological Survey,
Reston, Virginia 22092
G. A. MILLER
Area Oil Shale Supervisor’s Office,
U.S. Geological Survey,
Grand Junction, Colorado 81501
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Determination by an Optical Absorption Technique

Abstract. We have used the high optical absorptivity of urban and source particu-
lates to trace their ‘‘graphitic’’ component. The optical absorptivity and the particu-
late carbon loading show a strong correlation. Analyses of the data indicate that
primary soot emissions compose a major fraction of the carbonaceous aerosol and
put a low limit on secondary organic material produced in correlation with the ozone

concentration.

Carbon-, sulfur-, and nitrogen-con-
taining particles account for most of the
anthropogenically generated particulate
burden in urban areas. Considerable at-
tention has been devoted to understand-
ing the origin and speciation of the sulfur
and nitrogen components, but until re-
cently relatively little effort has been di-
rected toward the carbonaceous aerosol,
which is often the single most important
contributor to the submicron aerosol
mass and is expected to have a large im-
pact on visibility and health.

The major cause of these carbon parti-
cles is fossil fuel combustion, which pro-
duces both primary particulate carbo-
naceous emissions (soot) and gaseous
hydrocarbons, which can be transformed
in the atmosphere by gas-to-particle con-
version processes to secondary organic
material. There has been considerable
uncertainty and debate over the relative
importance of primary and secondary
carbonaceous particles in the urban air
(7). It is important to resolve this issue
since it is obvious that a control strategy
and technology for particulate carbon
pollution abatement will depend on
which of these alternatives prevails.

We describe here the application of a

new analytical method which uses the
unique optical properties of ‘‘graphitic’’
(2) soot to trace the primary component
of the carbonaceous particulates under
widely different atmospheric conditions
over a wide geographical area. Our re-
sults are consistent with the earlier work
of Novakov et al. (3) and indicate that
primary soot emissions compose a major
fraction of the urban carbonaceous aero-
sol.

Soot consists of a graphitic component
and an organic component. The graphitic
component can be conveniently mon-
itored because of its large and uniform
optical absorptivity, which has recently
been shown to be responsible for the
gray or black appearance of ambient and
source particulate samples collected on
various filter media (4, 5). The graphitic
content of the aerosol can be measured
by an optical attenuation method devel-
oped in our laboratory (¢). We have also
determined the total particulate carbon,
which enables us to study the correlation
between the graphitic and the total car-
bon content of the aerosol (6). The corre-
lation or lack of it should depend on the
relative amounts of primary and second-
ary material.
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