INTRODUCTION

Background

Patents, as incentives for innovation are well established in the U.S. free
enterprise system. Often overlooked, however, is a second great benefit
of the patent system: the enormous, continually expanding patent file,
This file ineludes more than 4 million distinet U.S. patents. These patents
are classified and cross-referenced among the approximately 100,000
categories of technology that make up the T.S. Patent Classification
System. Along with similarly categorized foreign patents and other
technical publications they make up e collection totaling more than 23
million doeuments ~- a collection which grows by over half a million
documents annually.

Patent law requirements for a full disclosure of invention (whieh is then
published as part of a patent grant) have resulted in an unique assemblage
of technological information. Not only does the patent file embody the
most comprehensive collection of technical information of its kind in the
world, the information is inherently presented in a manner such that
nearly every significant development in almost all technical fields flows in
a natural time-series sequence -- virtually welcoming monitoring and
analysis.

In its own unique way, this file represents a national resource. The
Patent and Trademark Office (PTO) recognizes it heavy responsibilities not
only to preserve, maintain, and improve the file, but, as well, to
maximize its use for the greatest public benefit. It wsas as part of its
effort to discharge this latter responsibility that the Patent and Trademark
Office established, in 1971, its technology sassessment and forecast
program.

In its most general terms, the mission of the program is to stimulate and
enhance the use and usability of the patent file, and to assemble, analyze
and make available meaningful data about the file, In carrying out this
mission, the Office of Technology Assessment and Foreecast {OTAF), which
administers the program, has assembled and built & master data base
covering sll U.S. patents. This data base has been used fo support: (1)
the preparation of a series or nine OTAF general distribution publications
(s)ee Appendix B); and {2) OTAF's special report services (see Appendix
C).

-Patent Profile

In an effort to coniinually provide data in a form which is useful and
convenient to the interested reader, OTAF is now presenting a new
publication series -~ PATENT PROFILES. Each of these publications will
deal with a specific technological area and will survey the patent activity
of that area for a given period of time.
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PATENT PROFILES provide many different kinds of information sbout a
particular area of the patent file and assembles this information in a
format which enables the user to extract the information needed or to
collect necessary data to lead to the desired information.

Thus, interested users, both technieally and non-technieally oriented, from
the public and private sectors, will be able to gain insight into what is
being done in a technology, who is doing it, where it is being done and in
what direction the technology is headed.

The objective of these publications is to use the U.,S. patent file as a
prime reference source in significantly adding to the wniverse of knowledge
from whiech future inventors and innovators draw, and wupon whieh
corporate and public policy planners rely,

Svnthetic Fuels

Escalating prices and widespread concern for the availability of foreign oil
have brought this nation's interest in alternative energy sources to an all
time high. The President's recent proposal for the development of domestic
- resources in sufficient amounts to replace 2.5 million barrels per day of
imported petroleum by 1990 has naturally resulted in the focusing of a
great deal of attention upon the previously untapped potential of synthetic
fuels ("synfuels"), Such alternatives are especially attractive because the
U.B. is rich in earbonaceous deposits from whieh synfuels are prepared,
having ebout 29% of the world's total proved and currently recoverable
coal, shale and tar sgnds.*

Technically speaking, synfuels is a term which has no precise definition.
It refers for the most part, to fuels obtained from other than the ususl
sources, e.g., oil or methene produced from coal as opposed to well
production of these fuels, This report examines levels and trends in
patenting in those synfuel technologies dealing with the produetion of liquid
hydrocarbons, gaseous hydrocarbons and synthesis gas (earbon monoxide and
hydrogen) from any solid ecarbonaceous material exeept inorganic
carbonates. Coal and oil shale are usually the ecarbonsceous materials
employed, but other materials, sueh as bituminous sands, wood, and
organic wastes, can also be used.

There are many different processes for preparing synfuels from
carbonaceous materials. Broadly, these are characterized as In-Situ and
In-Vitro processes, the major divisions used in this report. Passing treated
coal through a pressurized fixed-bed gasifier (Lurgi process) is an example
of the latter; in-ground retorting of shale, an example of the former.
Each broad area is subdivided into a number of smaller component areas.
Patenting for the period 1969-1978 is profiled in each component area.

D i L ———

*Chemieal and Engineering News, August 27, 1979, pege 24.



EXPLANATION OF DATA AND FORMAT

This report presents profiles of patenting* in ten major areas of synthetic
fuel technology. Each of the profiles is divided into three parts:

PART 1

Part 1, the first page of each profile, identifies the area which is
examined, lists the pertinent U.S. Patent Classification(s) involved, and
graphically illustrates patent activity (seross a designated l0-year span)
in two ways: (1) by the patent grant date; (2) by the grented patents’
application filing date. The latter method presents what is often consid-
ered a more useful measurement tool since application filing dates are
closer in time to the actual development of the technology disclosed in the
patent and sare independent of PTO production variance.** Levels of
involvement by foreign residents, corporations, and government agencies in
recent U.S. patent activity, as well as a measure of relative growth in the
particuler technological area are presented in the "Aectivity Indices”

{defined below).
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1976~7T3 divided by the total number of patents granted In
the period 1960-78, multiplied by 100.  {Average for afl
technologies = 28.4%)

% FOHRBIGN SHARE: The number of patents granted to
residents of foreign countries in the years 1876-78, divided
by total number of patents granted in these years, multiplied
by 100. (Average for el} technolegles = 37.0%)

% CORPORATE OWNED: The number of 1376-78 patents
assigned at time of prant to U.S. or foreign non-government
entities - meinly corperations ~- divided by the total pum-
ber of patents pranted in this three yesr period, multiplied
by 100. {Average for sl technologies = 76.4%)

% QOVEEMMENT QWNED: The number of IS76-78 patants
assigned at time of grant o the U.8. Qovernment or a
foreign goveenment, divided by fotel pumber of patents
pranted in this theee year periad, multipiled by 100.
{Average for all technologies = 2.6%)

% U.5. OWNED QF FOREIGN: The number of 1375-78
patents with e foreign resident inventor essigned st the time
of grant to & U.5. organization, divided by the number of
patents with & foreipn resident inventor in these years,
multiplied by 100. {Average for all technologies = 8.5%)

The information on this page can be interpreted as indicative of trends in
the direction and rate of growth of the subject technology.

* U.S. Patents only
**3ea further explanation in Appendix A.



PART 2A
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PART 2B

Part 2B of each profile provides
a list of assignees* ranked by
the number of patents, in the
technology, to which they held
title at the time of the patent
grant. In some instances, the
listing is limited by designa-
tion of a "eut-off" (e.g., "2

or more patents"). The time
period covered is 1969-1978.

This list identifies those
assignees, mostly corporations,
which received the most patents
in. the technology encompassed
by the profile during the subject
time period, and shows the com-
parative relationship of their
activity to that of the other
participants in the field.

e Sl PSP P ————

*See definition in Appendix A.

r——(EXAMPLE}

I.BE, TN SITU CONVERSION - WELLS

1. THERMAL EXPLOITATION BY FLUID INJECTION OR COMBUSTION

ASSIGHNEES WITH 2 OR MORE PATENTS {1/69-12/78}

TEXACT INC. 5§
SHELL OIL COMDPANY 44
PHILLIPS PETROLEUDM COMPANY 37
QCCIDENTAL OIL SHALE, INC. 22
MOBIL OIL CORPORATION s
IN SITU TECHNOLOGY, INC 1%
EXXON PRODUCTTON RESEARCH COMPANY - i3
CONTINENTAY, OIL COMFPANY 12
CITIES SERVICE COMPANY 12
CQCCIDENTAL PETROLEUM CORFORATION 10
UNITED STATES OF AMERICA, DEPARTMENT OF ENERGY 9
PAN AMERICAN PETROLEUM CORFPORATION :
TEXACO EXPLORATION CANADA LTR. 8
MARATHON OIL COMPANY 8
DEUTSCHE TEXACO AKTIENGESELLSCHAFT 7
CHEVROW RESEARCH COMPANY 7
ATLANTIC RICHFIELD COMPANY 5

5

SUN OIL OOMPANY OF PENNSYLVANIA
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PART 2D

Part 2D of each profile presents an alphabetical listing of inventors of
unassigned patents (1975 to 1978) together  with their addresses, the
patent numbers and titles. This information faeilitatés identifieation of
the apparently unaffiliated or "independent inventor™ participants in the
technology. Standard, two character codes are used to designate U.S.
states and foreign countries. While the meaning of state codes should be
obvious, the foreign country codes may not. Consequently, those
appearing in the Part 2D listing are given in Appendix A,

wmsmme{ X AMPLE,)
/
SYNTHETIC FUELS & 1- IM SITU - WELLS - FLUID IMJECTIGN CR COMBUSTION FLRE [ i
UMASSTIGNED PATEMTS (1/7%=127%2) ANVENTORS [ALPHA LISTING)
INVENTOR MAME STREET CITY 5T ZIpSfONTRY
ALEXANDER HARVEY c. &10 W. 89TH ST, ODESSA T TATEZ
AQTIN0E - DOWNHOLE VALVE FOR PARAFFIN CONTROL
ANTONDVE ROZA IVAMOYNA CHONGARSKY BULYAR, 10, HORFUS HOSE0W sH

FFY0L14 - METHOD OF COMNECTION OF WELLS
4097407 - MITHOD GF UNDERGRGUND GASIFICATION GF A4 CDAL BED

At the end of Part 2D is a list of those patents (1963-1978) with neither
assignment nor inventor information in the data base. Essentially, this
encompasses all patenting in the period 1963-1368, and non-assigned
("independent inventor") patenting from 1969 through 1974;  Tilles are
included for most patents granted subsequent to Jan. 1869.

PATENTS [1/67-12/78% WITH NEITHER ASSIGHMENT MIR INVENTOR IWFORMATION EN DATLBASE

HINING AND RETORTING OF DI SHALE
UNDERS2OLMD BASTFICAT [N OF COal
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3159876 2305012 F2IANSI a254921 JZ16020 3362754




PART 3

Part 3 of each profile updates the preceding material by listing patent
numbers, assignee or inventor, and title for those patents which issued from
January to August, 1979.

A CAVEAT

The user of this publication should be aware that patent activity profiles
ere generated by first identifying key Patent and Trademark Office
classifications, i.e., those entirely or substantially pertinent to the
technology of interest. All the patents in these classifications are included
in the profile. This procedure results, in most cases, with the inelusion
of the majority of patents relevant to the technology and few non-relevant
patents. However, in a colleetion as large and as varied as the patent
{ile one ean never be sure of the absolute eompleteness or "purity" of any
subset. Consequently, the totality of patents eovered in a profile should
not be considered to be inclusive of all relevant patents, nor exelusive of
all non-relevant patents.



I. A. IN

SITU CONVIRSION: MINES

This profile includes

in-the-earth con-
version of solid carbonaceous material to

ACTIVITY INDICES (1976-1978)

liquid or gaseous hydroearbons utilizing

horizontal tunnels or chambers formed

by

mining processes. GROWTH 70.9%
FOREIGN SHARE 6.6%
INCLUDED IN THIS PROFILE ARE ALL CORPORATE OWNED 85.2%
OF THE PATENTS FROM: COVERNMENT OWNED 4.9%
U.8. OWNED OF FOREIGN “0.0%
Class 299, Subclass 2
PHTENT HCTIVITY Potents 40 ~
BY PATENT GRANT CATE [ a0
1869-1978
TOTAL 20
A A, 7
li.5. ORIGIN
FOREIGN ORIGIN 10 -
\4 '
r P R |
| 1969 790 71 72 73 74 75 76 77 78
Patents 40 -
BY APPLICRTION FILING DATE a0
1967-1976
TOTAL 20
e .Y
U.S. ORIBIN e
- ‘r—
. HHEI'[IOREIGN ORIGIN 10 4
| o e
1957 68 69 70 71 72 73 74 75 76




6 ¥ b H £ CALGNT NS13HOd
. “LAGER ND13H04

z i } “d¥0D NHIAHO0I
iy ¥ ¢ b z E . Q3NMD NDI380d
daNmc "s'n

b 4 (8 8 z £ NIDINO NSI13d04
GINMD N9IIH04

L ! b 8 } b 4 t G3NMD "AIONT "S°n

€ I } i J3INMC " 1A0D "SR

LL ce 11 g G Z z Y £ i 4 } I ! QINMD “dugD "§$°n

L8 ZE Bl L 9 z Fid } € ! £ 1 b z ' i NIDIHO "§°n

t ! Nvavn

i 4 : : WOO9INIM Q3LINA

} } WN15735

} 1 “HTST5N

E € Va¥YNYD

¥ } 1 ‘ i : ANYHYID

It ¥ ) b z 4 NIDIBO NOIIN0JI

(] TE 1} L 9 z 4 b £ 8 g i i z 1 3 NI9IHD *S°n

zh BE &1 L A z £ £ E ¥ e 3 3 z 3 l IYioL

L0l BLi6} LLBI 9.6} L6l vLEL EL61 ¢LEL LLGE OLE} 6961 B9G | LYGI 961 G961} Po-£5

T e vaevy 0 T T T T T Tommms - - - SINSIVE 40 AFENON - - - - -+ - 4 e oo oo o L
z v 3aovd

ANVHD INJLVd 40 J1va Ag {BAGI-E96}) ALIAILOV INdivd

SINIW - NLIS NI - ¥ & $730d DILIHINAS



& £ I 3 i [ 3 “AIGNT NOT3d04
: "1ADD NOI3J¥04

[4 k ) “du0s N9IId0d

(Y £ 1 b ! z z b E L) ER 4B
QINMO "S°N

b ] + ! i 4 € ' NIDIHO NOI13¥O4

Q3NMD N913d04

g 3 k k i i gaaNMa "AIONI "S°h
& [ r O3INMO " 4ADS ST
B9 LZ 6 (43 B € [ k £ } [ ] danmd "dAnd "8TN
LiL 8¢ [ (1) oL £ [~ ] £ I [ t b + NIDIHG “S°N
3 ] NYdVO
} b WOODNI» Q3ILIND
l b WNID38
b 3 ) : TATSTETN
£ E VAYNYD
¥ 3 2 ‘ ] ANYHNUID
[ 3 [ I 12 H [4 [4 b NIDIHO NOIAUGA
LL 87 Ci 43 O} £ (4 I [ I [~ 13 I 3 NIDINO "S'N
g8 ac =13 el o} & ) E € E £ € b } + Iviot
aviol gLB} LiE} BLEL  GLE} PLEF eL6E ZLE} ilal OLG} [3-1:7 896} LDE} 996 | G961 59 dud
- - - - - = s = s e = = = = = - -SNOTIVOITddY G31N3LYd dO HIBWAN - - - - - - v s 7 - = = = s = - s e -
¥ v 39¥d

NOILVDEddY LNZILYd 40 31vQ0 A8 (BL/TH-L9/) DALNYVAD SiK3ILvd) ALIAILIODY INILVD

SIANIW - NLIS NI - ¥ i §73Nd DILIHINAS



10

I.A. IN SITU CONVERSION - MINES

ASSIGNEES WITH 1 OR MORE PATENTS (1/69-12/78)

OCCIDENTAL OIL SHALE, INC.
OCCIDENTAL PETROLEUM CORPORATION
STANDARD OIL COMPANY (INDIANA)
CONTINENTAL OIL COMPANY

ATLANTIC RICHFIELD COMPANY

UNITED STATES OF AMERICA, DEPARTMENT OF ENERGY
IN SITU TECHNOLOGY, INC.
WINTERSHALL AKTIENGESELLSHAFT
CITIES SERVICE COMPANY

MOBIL OIL CORPORATION

AZS CORPORATION

'COPPER RANGE COMPANY

EXXON RESEARCH + ENGINEERING CO.
CONSOLIDATION COAL COMPANY
GEWERKSCHAFT EISENHUTTE WESTFALIA
GULF OIL COMPANY

GEOKINETICS, INC.

BECHTEL INTERNATIONAL CORP.
RAPIDEX, INC.

SHELL OIL COMPANY |

ST. JOE MINERALS CORPORATION

NIPPON KOGEI KOGYQ COMPANY, LIMITED
TECHNOLOGY APPLICATIONS SERVICES CORDPORATION
GULF RESEARCH + DEVELOPMENT COMPANY

B
HEFEFEEFRFR R AR R R R W W B s O
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Patent No.

4,133,380
4,133,580
4,140,181

4,140,343
4,143,917
4,146,272
4,147,388
4,147,389
4,148,358
4,148,529
4,149,592
4,149,585
4,149,752

4,150,722

4,151,877
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LA, IN SITU CONVERSION: MINES

PATENTING UPDATE (1/79-8/79)

Agsirnee & Title

Occidental Qil Shale, Wne.:  Establishing A Combustion
Zone Below A Sill Pillar In An In Situ Oil Shale Retort

Occidental Oil Shale, Inc.: Isolation Of In Situ Oil Shale
Retorts

Oceidental Qil Shale, _Ine.: Two-Stage Removal Of Sulfur
Dioxide From Process Gas Using Treated Oil Shale

Occidental Oil Shale, Ine.: Gas Withdrawal From An In

Situ Oi1 Shale Retort

Continental Oil Company: In-Situ Retorting Of Oil Shale
With In-Situ Formed Arches

Occidental. Qil Shale, Ine.: Explosive Placement For
Explosive Expansion Toward Spaced Apart Voids

Ocecidental Oil Shale, Incs: Method For In Situ Recovery

Of Liquid And Gaseous Products From Oil Shale Deposits

Occidental Oil Shale, Inc.: Method For Establishing A

Combustion Zone In An In Situ Oil Shale Retort

Occidental  Research Corporation: Oxidizing Hydroear-

bons, Hydrogen, And Carbon Monoxide

Occidental Oil Shale, Inc.: Dopmg A Retort To Deter-

mine The Locus Of A Processing Zone

Occidental Oil Shale, Ine.: Containers For Indicators

Occidental Oil Shale, Inc.: In Situ Oil Shale Retort With
Variations In Surface Area Corresponding To Kerogen
Content Of Formation Within Retort Site

0001denta1 Qil Shale, Inc.:
Shale Retort

Operation Of An In Situ 0il

Occidental Oil Shale, Ine.: Determining The Locus Of A

Retorting Zone In An Oil Shale Retort By Rate Of Shale
Oil Produetion

Occidental 0Qil Shale, Ine.: Determining The Locus Of A

Processing Zone In A Retort Through Channels



4,153,110

4,153,297
4,153,298
4,153,299
4,153,300
4,156,461

4,158,467

4,160,481

4,162,706

4,162,808
4,163,475

4,165,903
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Occidental Oil Shale, Inec.: Ignition Of Fragmented Oil

Shale Below A Sill Pillar In An In Situ Oil Bhale Retort

Oceidental 0il Shale, Ine.: Ground Water Control For An

in Situ 0Oil Shale Retort

Occidental Oil Shale, Ine.: Removal Of Pillars From A
Void For Explosive Expansion Toward The Void

Golder Associates, Ine.: Combustion Air Supply To In~
Situ Retorts

Golder Assoeciates, Inc.:  Recovery Of Fluid Fuels By

In-Situ Retorting Of Carbonsceous Deposits

Ocecidental Qil Shale, Ine.: Decreasing Hydrocarbon,
Hydrogen And Carbon Monoxide Concentration Of A Gas

Gulf Oil Corporation: Process For Recovering Shale Oil

The HOP Corporation: Method For Recovering Subsurface

Earth Substances

Occidental Qil Shale, Inc.: Determining The Locus Of A
Processing Zone -In An Oil Shale Retort By Monitoring
Pressure Drop Across The Retort _

Gulf Oil Corporation: In-Situ Retorting of Carbonaceous
Deposits

Occidental Oil Shale, Ine.: Determining The Locus Of A
Processsing Zone In An In Situ Oil Shale Retort

John H. Cobbs, 5021 8. Fulton St., Tulse, OK 74135:
Mine Enhanced Hydroearbon Recovery Technigue




