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1. 
In my copending application Ser. No. 756,624, 

of even date I suggest to heat shale rocks in 
their natural condition by means of electrical 
heating elements thrust into channels bored in 
the rocks so as to cause pyrolysis therein. The 
oil gases and other gases thus produced are 
drawn off through special exhaust passages in 
the rocks to be collected and recovered through 
condensation and other processes. - 

It is one of the objects of this invention to 
carry this heating process into effect, in a man 
ner such that the energy required for the Same 
Is obtained at a lower cost than hitherto, in 
order, thus to cut down the cost of producing the 
oil. Another object is to provide a heating proc 
ess, wherein the shale rocks serve, so to speak, 
as an accumulator for cheap electric energy, 
which is consequently recovered in the form of 
heat to be utilized for the benefit of a pyrolysis 
carried into effect on a later occasion. A further 
object is to bring about a preparatory treatment of 
the shale rocks, so that leakage of the products 
recovered in the pyrolysis is effectively prevented. 
. Further objects and advantages of the inven 
tion will be apparent from the following descrip 
tion considered in connection with the accom 
panying drawing, which forms a part of this 
specification, and of which: 

Fig. 1 is a vertical Sectional view of a shale 
rock, and 

Figs. 2 and 3 represent two diagrams. 
In the drawing, 0 designates an oleous shale 

layer, which may have a layer of limestone rock 
2 and an earth layer 4 superimposed on the 
same. Thrust into vertically bored channels are 
a great number of electrical heating elements 
6 adapted to heat the shale layer 0. My above 
mentioned patent application is referred to for 
a closer description of the construction and ar 
rangement of said heating elements and of the 
exhaust passages. The heating elements 6 are 
connected to an electric power System 20 by 
means of branch conduits 8, so that low-voltage 
current is Supplied to the heating elements. As 
will also appear from said application, the heat 
ing of the Shale rock is carried into effect in 
such manner that a horizontally travelling heat 
front is created, the direction of which is denoted 
by 22 in Fig. 1. 
In accordance with the invention, the heating 

of the shale rock is divided into two stages, a 
preheating stage and a Subsequent stage for 
heating to the ultimate temperature, the latter 
being called the pyrolysis heating in the follow 
ing. In the heating of the shale, an oil produc 
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2 
ing pyrolysis occurs at a temperature exceeding 
250 C., and only in the proximity of 300° C. will 
there be anything like an appreciable production 
of oil gases and other hydrocarbon gases. The 
liveliest pyrolysis proceeds between 300° C. and 
400 C., for example, that is to say, substantially 
all of the oil and gas quantities produced during 
the electro-thermal oil production is extracted 
Within the Said range. In the embodiment illus 
trated in the drawing, the preheating is carried 
out within a range of the shale rock confined 
between the dash and dot lines 24, 26, the heating 
elements located within this region being con 
nected to the electrical power line 20. The tem 
perature is thus caused to increase gradually by 
Successively connecting further rows of heating 
elements 6 into the circuit, the rise of the tem 
perature taking place according to the curve 30 
in Fig. 2, the abscissa of which indicates the hori 
Zontal extent of the shale field according to 
Fig. 1 in the direction of the heat front, whereas 
the ordinate of said curve indicates the tempera 
ture in the shale rock. During the preheating 
process, the shale rock is heated to a tempera 
ture corresponding to the line 32 in Fig. 2, where 
no appreciable pyrolysis has set in as yet, said 
temperature amounting for instance to 240°-280° 
C. The pyrolysis heating is carried into effect 
within a portion of the rock limited by the lines 
34, 36, which portion is separated from the pre 
heating portion. During the pyrolysis heating, 
the temperature of the rock is increased in steps 
according to the curve 38 to the final tempera 
ture according to line 40, which temperature may 
amount to 360°-420° C. Upon the lapse of a 
certain time, the preheating may have reached 
the curve 30 and the pyrolysis heating the curve 
38. Thus there are two separate heating zones 
in the shale rock which progress forwardly in 
the same direction. 

During the preheating period, approximately 
two-thirds of the requisite quantity of heat is 
Supplied to the shale rock, while only about a 
third thereof is supplied during the pyrolysis 
heating, in the example presented above. While 
the preheating may be periodical, the pyrolysis 
heating takes place as continuously as possible, 
which has an advantageous effect on the produc 
tion. As an example it may be assumed that the 
preheating only takes place during the half of 
the year. It is assumed that the same quantity 
of energy is always supplied to a heating element 
per unit of time. Inasmuch as two-thirds of 
the total quantity of heat is supplied during the 
preheating, obviously four times as many heating 
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elements will have to be connected into the cir 
cuit as during the pyrolysis heating, which in 
volves that double the quantity of heat is sup 
plied in half of the time. The travel rate of the 
preheating front confined by the lines 24, 28 
Will at the same time be double the rate of prog 
ress of the pyrolysis front between the lines 34, 36. 

5 

It is readily understood that there will be a 
portion of the shale rock of varying length 
between the two heating fronts. This portion 
has reached the temperature level according to 
the line 32, that is to say, it has been brought up 
to the temperature at which the pyrolysis may 
be commenced. When the preheating is inter 
rupted, the distance between the lines 26 and 34 
is reduced; again, when the preheating is started, 
Said distance is increased. 

This interruption in the heat supply to the 
shale rock, on its having reached the temperature 
level 32, entails a number of very considerable 
advantages. While heat is supplied to a heat 
ing element 6, the shale rock about the same 
is brought to varying teiperatures, ina.Shuch aS 
the temperature falls in a direction fron the 
eiement, according to the curve 42 in Fig. 3. In 
this figure, the abscissa, corresponding to the 
curve 42 is designated by 5. After the electrica 
energy has been disconnected, the temperature 
Will be equalized according to... the curve 5. On 
account of the interval between the two heating 
periods, the shale rock will consequently show a 
more completed equalization of the temperature 
within the heated polition of the rock. A shale 
rock has a coefficient of heat eXpansion of about 
0.00001. At the distances of 2-3 lettel'S Gccult 
ring between the various heating elerinents f3, 
the expansions of different portions citeated by 
the heating Will thus vary considerably. Within 
the shaie rock at the differences in teiperature. 
appearing from the curve 2 in Fig. 3 (such as 
200° C.), very irregular heat strains being thus 
produced within said portions of the rock. Gen 
erally, however, there is a tendency toward a 
sweiling effect by the heat in the horizontal 
direction created by the general heating of the 
rock. This swelling effect tends to compreSS 
all vertical fissuires occurring within the Shaie 
rock and, consequently, has a tightening effect 
on these fissures. However, during the preheat 
ing period partial zones are formed within the 
rock, which tend to coin-press the above-men 
tioned fissures, whereas other Zones are also 
formed where such compression is prevented. 
In the equalization of the temperature during 
the interval between the two heating periods, 
the compression of any fissures occurring becomes 
more general and thus more effective. The effect 
of the gases produced in the pyrolysis heating 
following non-desirable paths is thus counter 
acted to a very great extent by interruptions in 
the heat supply. Furthernore, the invention in 
volves advantages as to the economical ultimate 
result in the electro-thern}al recovery of oil. The 
preheating may be advantageously carried into 
effect during such times where cheap hydraulic 
power, is comparatively amply available. The 
invention thus offers a favourable alternative 
for the electric steam boilers in which, as is Well 
known, electrical energy is used for the genera 
tion of steam. The pyrolysis heating is carried 
into effect at a relatively uniforni Supply of 
electrical energy. Preferably, the heat Supply 
required for this purpose may constitute a Small 
portion of the whole of the supplied quantity of 
heat as per above. 
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4 
In electro-thermal production of shale oil, oil 

forming gases are extracted in part, which are re 
covered in a liquid state by condensation, while 
in part also other gaseous hydrocarbons and hy 
drogen, are formed, which can be condensed only 
With great difficulty at low temperatures, and 
which for this reason are called non-condensable 
gases hereinafter. Generally, these gases consti 
tuite the half of the quantity of all recovered hy 
drocarbons, and they have approximately the 
same effective combustion value as that of the 
liquid hydrocarbons. Thus for every liter of 
oil produced, approximately 1 cubic meter of 
gas is obtaired at the Same time. This gas is 
an excellent fuel, and when used in the proper 
manner it has a great commercial value equiva 
ent to that of the oil, but with respect to the 
facilities of distribution and sales, it is not as 
manageable as the oil. A comprehensive net 
work of gas conduits and great erection costs will 
thus accompany the distribution of the gas, and 
if all of the gas were to be distributed fron a 
place where, say, 200,000 cubic meters of oil 
are produced yearly, considerable difficulties are 
allet with. If, for instance, constituents (Sulphur 
and so forth) of the gas can not advantageously 
be recovered at the shale field, the same are 
instead preferably used as fuel in a central pow 
er station for the generation of electrical energy, 
which is applied, according to the invention, if 
desired alternatively with other energy supplied, 
for instance from Water power, for the pyrolysis 
heating of the shale rock. On the other hand, 
a uniformly or nearly uniformly proceeding py 
rolysis heating through, the supply of electrical 
energy may be arranged froin the gas-fired power 
station. By suitably determining the tempera 
ture to which the rock is heated during the pre 
heating period the pyrolysis heating may thus be 
carried into effect without any external Supply 
of energy in the form of hydraulic power. 
The pyrolysis heating proceeds in Such case. 

eontinuously independently of the preheating, 
which may be periodical and adapted, for in 
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stance, to excess power available from the hy 
draulic power stations. Obviously, the Steam 
station is in this way loaded CO::tinuously and, 
if desired, uniformly, and, Sonething of particul 
lar importance, the pyroiysis proceeds in a uni 
for and undisturbed process independently of 
the prevailing conditions relative to the Water 
power. However, the pyrolysis heating may be 
carried on at varying intensity during different 
periods and seasons, by a varying number of 
heating elements being connected into the net 
work at the same title. 

In a country, for instance of the size and nature 
conditions of Sweden, the invention under all 
circumstances render's possible an economically 
advantageous use of excess energy or so-called 
secondary power from the hydraulie power star 
tions for the production of liquid fuel. By the 
preheating, the shale rock here constitutes an ac 
cumulator recovering hydraulic energy in the 
form of heat, which ray then, if desired, be uti 
lized for the ultimate recovery of oil at a far later 
time. 
According to the invention, the steam power 

station may be fired either solely with gas from 
the pyrolysis process, or, the same may be fired 
with other fuels depending on the prevailing Con 
ditions on every particular occasion. Thus the 
gas may be readily disposed of during certain 
periods, for instance for the Supply of gas to the 
cities in winter-time. In summer-time, when 
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such gas consumption is less, the steam station 
may be fired solely with the gas or with a suitable 
combination of gas and other fuels. According 
to the invention, the non-condensable gas can 
thus also be utilized in a particularly favourable 
manner by the combination of a periodically 
heated shale-rock, on the one hand, where the 
preheating proceeds, and which accumulates and 
utilizes available cheap waterfall energy, and, On 
the other hand, pyrolysis heating effected solely 
with the non-condensable gas produced by the 
pyrolysis, this use of the gas also taking place 
periodically alternately with the employment of 
the gas for other purposes. In this case too, it 
is conceivable to vary the intensity of the pyroly 
sis heating by altering the number of active heat 
ing elements 6 to suit the oil or gas quantity 
produced per unit of time and the consumption 
of electrical energy to the price conditions. Gen 
erally, a periodic operation of the preheating may 
be carried into effect synchronously with the 
seasons. In summer, for example, there is as a 
rule an excess of electrical energy available, while 
in this season the gas consumption, for instance, 
in the cities is at the same time reduced often to 
less than the half of the quantity required in 
winter-time. Through the preheating energy 
accumulated during the Summer, the Steam 
power stations may therefore, according to the 
invention, aid in Winter toward the electrical 
energy supply by firing with fuels other than the 
gas, while the pyrolysis gas produced in the same 
time is used simultaneously in the gas distribu 
tion of the cities, where it is of a higher value 
than in the form of boiler fuel. According 
to the invention, the production, for instance, of 
raw shale oil is rendered possible by electro 
thermal means out of shales, even of relatively 
poor in oil, at so good an economy that this oil 
can compete With oils, as far as cost is concerned. 
The gas-fired power station may be provided 

with steam turbines or gas turbines or other 
modern heatpower motors. 
While one more or less specific embodiment of 

the invention has been shown, it is to be under 
stood that this is for purpose of illustration. Only, 
and the invention is not to be limited thereby, 
but its scope is to be determined by the appended 
claims. 
What I claim is: 
1. The method of recovering hydrocarbons 

from shale deposits in situ by electro-thermal 
pyrolysis which includes the steps of supplying 
electric energy to two horizontally spaced areas 
of a given deposit to provide a first zone heated 
to a preheat temperature lower than the final 
temperature at which recovery of hydrocarbons 
is effected and a second Zone heated to pyrolysis 
temperature to effect the desired recovery of hy 
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6 
drocarbons, the electrical energy being Supplied 
progressively to the different areas to cause the 
heat fronts of the two zones to travel horizontally 
in the same general direction. 

2. The method as set forth in claim 1 in which 
the electrical energy is supplied differently with 
respect to time intervals to provide a varying 
horizontal distance between the said Zones at 
different times. 

3. The method as set forth in claim 1 in which 
a given area is first heated to preheat tempera 
ture to accumulate heat therein at a temperature 
below that at Which pyrolysis occurs and Subse 
quently heated at a later time to pyrolysis tem 
perature. 

4. The method of recovering hydrocarbons 
from shale deposits in situ by the aid of a plu 
rality of horizontally spaced heating elements 
located in a shale deposit which includes the 
steps of initially preheating a selected area, to a 
preheat temperature lower than the temperature 
at which pyrolysis occurs to accumulate heat 
therein at a temperature below that at Which 
pyrolysis occurs and Subsequently heating the 
same area, to pyrolysis temperature to effect re 
covery of the hydrocarbons in gaseous form. 

5. Method as set forth in claim 4 in which the 
preheating is effected by supplying electrical 
energy to said heating elements intermittently 
and in Which electrical energy is supplied to Said 
elements for pyrolysis heating only after an ap 
preciable time interval following the completion 
of the preheating whereby to permit substantial 
temperature equalization over the area preheated 
before pyrolysis heating is effected. 

6. The process of recovering hydrocarbons 
comprising slowly preheating an extensive area, 
containing shale and hydrocarbon by applying 
heat at a plurality of spaced locations in the 
area to a temperature below the temperature at 
Which pyrolysis occurs to accumulate heat therein 
at a temperature below that at which pyrolysis 
occurs, Subsequently progressively heating the 
Same area, to a temperature at which pyrolysis 
occurs and collecting the hydrocarbon products. 

7. The process according to claim 6 wherein the 
direction of treatment of the area by the pre 
heating and the Subsequent heating progress in 
the Same general direction. 

FREDRK LJUNGSTROM. 
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