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Abstract

A definitive archival account of the 25-year history of CACHE from 1969-1994 is
given, including the events leading up to the formation of the CACHE Committee in
1969, followed by incorporation in 1975. The history is presented mainly in terms of
the chronological development of the many CACHE products that have been
distributed to educators and the parallel incorporation of “computing” into chemical
engineering curricula. Emphasisis placed on the synergistic effects of many educators
and representatives from industry working together to advance the use of computersin
chemical engineering education.

Two significant events occurred in the mid-1950s that were to drastically alter the educa-
tion of a chemical engineers. The first was the introduction of the IBM 704 digital computer
with its built-in floating-point arithmetic. The second was the development of the easy-to-use,
high-level, procedure-based programming language of J. W. Backus and others of IBM, called
FORTRAN. ThelBM 704 came with a FORTRAN language compiler and subroutines written
in that language were automatically handled. Almost overnight, chemical engineersin univer-
sities sought ways to learn FORTRAN and write computer programs to solve difficult or te-
dious problems.

Quickly, it became apparent that educators needed assistance in making the transition
from precomputer techniques to computer-aided methods, which often involved numerical
rather than analytical means to obtain a solution. Starting in 1958, the year after the introduc-
tion of FORTRAN, the University of Michigan initiated a project under the direction of thelate
Professor Donald L. Katz, with support from the Ford Foundation, to study the use of comput-
ers in engineering education. This project was extended to engineering design, with funding
from the National Science Foundation (NSF) to: (1) train engineering design teachersin com-
puter-aided design, (2) study therole of the computer in design, and (3) generate representative
computer-oriented design problems.
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22 COMPUTERSIN CHEMICAL ENGINEERING EDUCATION

Thefinal report of the Michigan project, which was published in 1966 under thetitle Com-
putersin Engineering Design Education, made the following recommendations to engineering
schoals:

1 Give introductory courses on computer programming and digital com-
putation.

Teach model building, numerical methods, and optimization.
Integrate computer work into engineering science and design courses.
Stress open-ended problems.

Provide time-shared interactive computing to al students.

o 0 bk~ WD

Train engineering teachers to use computers.

These recommendations still hold true today. Chemical engineering education is indebted to
Donald L. Katz for his vision and his success in acquiring sufficient funding and recruiting
qualified faculty to conduct such an important project.

Soon after the completion of the Michigan project, three textbooks were published that
provided the three teaching tools needed for Recommendation (2): the first on model building
entitled Process Analysis and Smulation, by Professors David M. Himmelblau and Kenneth
B. Bischoff, the second entitled Applied Numerical Methods by Professors Brice Carnahan, H.
A. Luther, and James O. Wilkes, and the third entitled, Optimization: Theory and Practice, by
Professors Gordon S. G. Beveridge and Robert S. Schechter. The numerical methods book,
which was dedicated to Donald Katz, covered both theory and applications for interpolation,
differentiation, integration, use of polynomials, linear algebraic equations, nonlinear algebraic
equations, ordinary differential equations, partial differential equations, and statistics. The
book was compl ete with comprehensive explanations and sol utions, including listings of stand-
alone FORTRAN programsfor 40 example problems. A book entitled A FORTRAN IV Primer,
by Professor Elliott |. Organick, provided a complete discussion on programming in FOR-
TRAN.

Two other important events took place in the late 1960s. First, awidely publicized com-
puter-aided chemical process design program called PACER (Process Assembly Case Evalua-
tor Routine), was developed by Professor Paul T. Shannon at Purdue University, and reported
in 1963. It was made available to chemical engineering departments at universities, following
an instructional PACER workshop at Dartmouth College, April 23-28, 1967 that was attended
by 20 chemical engineering professors from the United States and Canada. PACER was mainly
amodular executive program for directing steady-state material and energy balance calcula-
tions for flowsheets that could include recycle streams. PACER had alimited library of unit-
operation models and lacked a physical property estimation package. However, it was open-
ended so that users could add operation and property models.

On November 22-23, 1968, Professors Rodolphe L. Motard and Ernest J. Henley, at a
workshop at the University of Houston that was attended by 42 professors, introduced a more
advanced simulation program called CHESS (CHemical Engineering Simulation System). It
was apparent at this workshop that exciting computer-aided tools suitable for use in teaching
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chemical engineers could be devel oped and would be welcomed by educators. However, there
was also concern that programs devel oped independently by educators might not be well doc-
umented and debugged. Also, most chemical engineering departments were neither equipped
for nor disposed toward maintaining program libraries and providing consultation services.
What was needed were standards and inter-university cooperation, which could be achieved by
the formation of acommittee.

Alsoin 1968, Lewis G. Mayfield, of the National Academy of Engineering (NAE), visited
the University of Pennsylvania and suggested to Professor Warren D. Seider (who had ajoint
appointment there in chemical engineering and electrical engineering) the formation of a na-
tional committee of chemical engineering educators to be patterned after a similar committee
for computer science in electrical engineering, called COSINE, which was sponsored by the
NAE. Asaresult of this suggestion, Warren Seider, together with Professor Brice Carnahan of
the University of Michigan and Professor Rodolphe (Rudy) L. Motard of the University of
Houston organized ameeting, held on April 11, 1969 at the University of Michigan. This meet-
ing was attended also by Professor William Surber of Princeton University and a member of
the COSINE Committee, and the following 11 chemical engineering educators who were se-
lected because they were engaged in the preparation of computer programs at their respective
colleges and universities:

James Christiansen, University of Oklahoma

Eugene Elzy, Oregon State University

Lawrence B. Evans, Massachusetts Institute of Technology
Edward A. Grens, University of California at Berkeley

A. I. Johnson, McMaster University

Ernest J. Henley, University of Houston

Richard R. Hughes, University of Wisconsin at Madison
Matthew J. Reilly, Carnegie-Mellon University

Paul T. Shannon, Dartmouth College

Samuel L. Sullivan (for Robert E. C. Weaver), Tulane University
Arthur W. Westerberg, University of Florida

Brice Carnahan acted as chairman for the meeting and Warren Seider was acting secre-
tary. The attendees agreed that there were numerousincentivesfor inter-university cooperation
and that a committee should be formed, with the goal “to accelerate the integration of digital
computation into the chemical engineering curriculum by sustained inter-university coopera-
tion in the preparation of recommendations for curriculum and course outlines and new com-
puting systems.” Following areview of computing activities being conducted by each attendee,
working sub-groups were formed in the areas of curriculum, standards, physical properties,
new projects, and proposals. The group agreed to meet again in the Fall of that year. Immedi-
ately following the meeting, Rudy Motard suggested the acronym SEED for the name of the
committee. However, SEED wasalready copyrighted and so asecond choice, CACHE (Com-
puter Aids for Chemical Engineering Education), was selected.



24 COMPUTERSIN CHEMICAL ENGINEERING EDUCATION

The committee needed a central base for its operations and a source of funds to support
meetings, workshops, and the preparation and distribution of reports. With the encouragement
of Dr. Newman A. Hall, Executive Director of the Commission on Education (COE) of the
NAE, the proposal sub-group, consisting of Warren Seider, Brice Carnahan, and Richard R.
Hughes, prepared a 53-page proposal, which, after minor changes by the NAE, was submitted
on July 14, 1969 to the NSF as a proposa from the COE of the NAE, under the signatures of
Gordon S. Brown, Chairman of the COE, Newman A. Hall, B. L. Kropp, Deputy Business
Manager of NAE, and JamesH. Mulligan, Jr., Executive Secretary of NAE. A total of $120,812
was requested to start on January 1970 for atwo-year period.

Thefirst official meeting of the CACHE Committee was held on Tuesday, November 18,
1969 in Washington, D.C., during the week of the AIChE Annual Meeting, from 10:00 AM to
12:15 PM in the Columbian Room of the Mayflower Hotel. The founding members, all of
whom were appointed by COE of the NAE for the interim until the conclusion of the initia
forthcoming (hopefully) NSF funding period, consisted of the above attendees at the April 11,
1969 meeting, plus:

Robert V. Jelinek, Syracuse University
J. D. Seader, University of Utah
Imre Zwiebel, Worcester Polytechnic Institute

Professors Cameron M. Crowe of McMaster University, C. Judson King of the University
of California at Berkeley, and Dale F. Rudd of the University of Wisconsin at Madison had
been invited to join the committee, but declined because the committee included other faculty
from their universities. Pending NSF funding, Newman Hall offered the services of Mrs. Jean
P. Moore, Administrative Assistant of the COE/NAE, for distribution of mailings and support
of subcommittee activities. Much of the meeting was spent in discussing efforts of members of
the committee in areas of steady-state and dynamic simulation. An additional sub-committee
was formed for the latter area. In addition, an ad-hoc subcommittee was established to draft
governing rules and by-laws.

At thefirst officia meeting, the CACHE Committee voted in favor of maintaining Brice
Carnahan as Acting Chairman and Warren Seider as Acting Secretary until funds had been re-
ceived from the NSF. During the 25-year period from 1969-1994, CACHE has been fortunate
to have had outstanding and dedicated leadership and membership. Complete lists of CACHE
officers and members are given in Appendices|, |1, and |11 of this history.

The inevitable delays in obtaining federal funding occurred. Although meetings of sub-
committees were held in the interim period, the next full meeting of the CACHE Committee
was not held until April 2-3, 1971 in Ann Arbor, Michigan, following notice on February 18,
1971 that the NSF had finally approved the proposal, but had reduced the budget to $80,060
for the two-year period of January 1, 1971-December 31, 1972. This funding allowed $29,650
per year for al CACHE Committee activities, exclusive of overhead charges. The Ann Arbor
meeting was attended by 16 of the 17 founding members of the CACHE Committee plus four
observers, Dr. Newman Hall, and Jean Moore. Warren Seider was elected Chairman, with
Lawrence Evans as Vice-Chairman, and Arthur Westerberg as Secretary.
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Of an approved two-year budget of $63,650, $28,450 was alocated to the five subcom-
mittees (Curriculum, Standards, Physical Properties, Dynamic Systems, and New Projects),
each of which presented areport on their progress since the Washington, D.C. meeting held 17
months earlier. The most impressive report came from Professor Ernest Henley, Chairman of
the Curriculum Committee, who reported on plans for the collection, review, and publication
of small stand-alone FORTRAN computer programsin seven curriculum areas: stoichiometry,
kinetics, control, transport, thermodynamics, stagewise computations, and design. The pro-
grams would be solicited from faculty by a letter dated April 10, 1971. The success of this
project may bejudged by the fact that proposalsfor almost 500 FORTRAN programswere sub-
mitted to CACHE from all over the world in 1971. Of these, 97, representing the efforts of al-
most 100 faculty members, were selected for publication. Each selected program had to be
thoroughly documented and tested by the curriculum area coordinator.

By March 1973, using camera-ready copy supplied by program authors, the first two vol-
umes (Stoichiometry with 13 programs and Kinetics with 21 programs) of a seven-volume set
of programs had been distributed to all departments of chemical engineering in the United
States and Canada, as well as interested departments in foreign countries. In conjunction with
the assembly of the seven volumes of computer programs, the Standards Subcommittee of
CACHE, chaired by Prof. Paul Shannon, issued in May, 1972 an important CACHE publica-
tion entitled Standar ds for CACHE FORTRAN Computer Programs, which included adetailed
and widely referred to example of recommended programming style and documentation, pre-
pared by Prof. Brice Carnahan for a program called GOLDEN, which performs a single-vari-
able optimization by Golden-Section search.

Two other decisions were made at the Ann Arbor meeting. The first was to periodically
publish and distribute a newsletter to all interested departments of chemical engineering. The
first newsletter, edited by Prof. Lawrence Evans, was distributed to approximately 2000 faculty
membersin June, 1971, shortly after the Ann Arbor meeting. The cover page of the newsletter
displayed, for thefirst time, the CACHE logo, which was provided by Jean M oore and has been
used ever since. Until 1981, the newsletter was published approximately once each year. How-
ever, starting with the March 1981 issue (No. 12), it has been a biannua publication. Larry
Evans (1971-73 and 1977-80), Cecil Smith (1975-77), J. D. Seader (1981-84), and David Him-
melblau (1984-date) have served as Editor of the CACHE News. For some unknown reason,
issue No. 10 was never published. A special 25th Anniversary Issue for Fall 1994 (No. 39),
with a silver-colored cover was published in November 1994.

The second decision made in Ann Arbor was to designate alocal CACHE representative
in each of the departments in the United States and Canada. Each representative was to serve
asafocal point for communication between CACHE and the institution of the representative.
By March 1973, 123 local CACHE representatives from as many universities had been desig-
nated, with their names and schools listed in CACHE News No. 3. Starting with the 1977
AIChE Annual meeting, held in New York City, CACHE began holding an annual reception
for CACHE representatives and interested faculty. At these receptions, CACHE members, task
force members, or invited speakers discuss and demonstrate new products and receive feed-
back from faculty. At the November 1978 and 1979 AIChE meetingsin Miami Beach and San
Francisco, there were luncheon meetings of the CACHE representatives, with 70 and 66 in at-
tendance, respectively. Another luncheon for 44 representativeswas held at the New Y ork City
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AIChE meeting in November 1987. Today, almost every chemical engineering department in
the United States and Canada, as well as many foreign countries, has a CACHE representative.
On November 16, 1994 at the AIChE Annual Meeting in San Francisco, the CACHE 25th An-
niversary Reception was held for representatives, associates, and former CACHE trustees. Ap-
proximately 400 attended this very successful reception.

Although voting membership in the CACHE Committee was limited from the beginning,
the committee made every attempt to involve as many faculty members as possible in the work
of the CACHE subcommittees. For example, in mid-1971 the Physical Properties Subcommit-
tee, chaired by Prof. Rudy Motard, had 11 members, 9 of whom were not members of the
CACHE Committee. The Dynamic Simulation Subcommittee, chaired by A. I. Johnson, had 8
members, 6 of whom were not members of CACHE and 3 of whom were graduate students.

One of the main reasons for forming the CACHE Committee was the possibility of coor-
dinating efforts to introduce computer-aided process simulation into the chemical engineering
curriculum. Indeed, almost every one of the 17 founding members of CACHE had been in-
volved in the development of this new and exciting areaof computer-aided design and analysis.
Paul Shannon had developed the PACER program. Rudy Motard had devel oped the CHESS
program, which included a physical property program caled TAP by Ernest Henley. Motard
had developed the MAD version of PACER and was preparing a dynamic simulation program
called PRODYC. A. |. Johnson had developed a modified PACER-like program called MAC-
SIM, and an interactive, time-sharing version called GEMECS, and was preparing DYNSY'S,
adynamic simulation program, LINSY S, amateria balancing system for linear equations, and
GEMORPT for optimization. Warren Seider had developed aphysical propertiessystem for sim-
ulators, an automatic translator for converting FORTRAN programsinto PACER routines, and
a dynamic simulator called REMUS. Eugene Elzy had written the DISCOSSA simulator,
which wasttailored to each run by acompiling and linking step. Richard Hughes, while at Shell
Development, had helped develop CHEOPS, a large simulation and optimization program. J.
D. Seader, while at Chevron Research in 1959, had initiated and supervised the development
of the Chevron system for generalized heat and material balancing, which used an equation-
solving approach. Art Westerberg assisted Prof. Roger Sargent at Imperial College in the de-
velopment of SPEEDUP, an equation-based, steady-state and dynamic simulator. Jim Chris-
tensen had devel oped programsin SNOBOL for recycle analysis and design variable selection.
Imre Zwiebel used the PACER executive routine together with his own FORTRAN subrou-
tinesfor apyrolysisreactor, distillation columns, and apartial condenser and gquench system to
complete the detailed design and analysis of an ethylene manufacturing plant. Brice Carnahan
was completing the development of an interactive dynamic simulation program called DY S
CO. Larry Evans had just completed, with partial support from the NSF, an extensive survey
on the current status of and future prospects for computer-aided chemical process design,
which was published in the April 1968 issue of Chemical Engineering Process.

Thefirst efforts by CACHE in the simulation area were taken by the Dynamic Simulation
Subcommittee, which had been formed at the first meeting of CACHE. In December, 1971 that
subcommittee, chaired by A. I. Johnson, recommended the use of the DY FLO dynamic simu-
lation computer program of Roger G. E. Franks, a Senior Consultant for Engineering Compu-
tation and Analysis at E. |. du Pont de Nemours & Co., Inc. in Wilmington, Delaware. The
FORTRAN code for DY FLO was published by Franksin a 1972 textbook entitled Modeling
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and Simulation in Chemical Engineering by Wiley-Interscience. To provide instruction on the
use of DYFLO, CACHE held a three-day workshop at Purdue University on October 26-28,
1972 for 25 faculty members. Roger Franks was the principal lecturer, with assistance from
Purdue Prof. John Woods. Dynamic simulation represented the first major encounter, for many
chemical engineers, with the problems of solving “stiff” systems of ordinary differential equa-
tions. During the 20-year period from 1972 to 1992, DY FLO was used by many universities,
but is now being displaced by more comprehensive programs devel oped by Aspen Technology,
Hyprotech, and Simulation Sciences. In 1985 and 1989, CACHE attempted to obtain use by
universities of Shell’s DYMODS and Imperial College’s SPEEDUP dynamic simulators, re-
spectively, but without success. However, thelatter isnow availableto universitiesthrough As-
pen Technology.

At the Buck Hill, Pennsylvania meeting of CACHE on September 2-3, 1971, the Large-
Scale Systems Task Force was formed, with J. D. Seader as Chairman. With the dynamic sim-
ulation program of Roger Franks soon to be available, this new task force was given the charge
of investigating the possibility of acquiring the use of an industrial steady-state process simu-
lation computer program for educational use at universities. The academic programs, PACER
and CHESS, were already being used at anumber of universities, but the 1968 survey by Larry
Evans showed that much more useful simulation programs, with large data banks for pure
chemicals and large libraries of models for processing equipment and mixture physical prop-
erties had been and were being developed by industry. Hopefully, one or more of these simu-
lators might be made available to chemical engineering students.

By the following CACHE meeting, held at the Sonoma Mission Inn on December 3-4,
1971, following the annual AIChE meeting in San Francisco, the Large-Scale Systems Task
Force had sent questionnaires to 15 potential suppliers of these industrial steady-state process
simulators and had formulated a sample problem that would test their ease of use, robustness,
and efficiency. By the next CACHE meeting, held at the Lake of the Ozarks, Missouri on May
24-26, 1972, thetask force had received four favorabl e responses and four industrial simulation
systems had been tested: GEPDS of General Electric, FLOWTRAN of Monsanto Company,
PACER-245 (acommercial version of PACER) of Digital SystemsCorp., and PDA of McDon-
nell-Douglas Automation, Inc. Of these four, the task force determined that FLOWTRAN was
the most desirable and the task force was instructed to seek an agreement with Monsanto for
the use of FLOWTRAN by universities over a national computer network. Furthermore, this
system met the guidelines listed in the CACHE publication, CACHE Guidelines for Large-
Scale Computer Programs, which was issued by the task force in February, 1973.

By December 1, 1972 at the CACHE Committee meeting at Grossinger’s following the
New Y ork AIChE annual meeting, the Large Scale Systems Task Force reported that a prelim-
inary oral agreement had been reached between CACHE and Monsanto on the use of FLOW-
TRAN, but details still needed to be worked out before afinal approval could be obtained. The
original request was for the use of FLOWTRAN through the service bureau of Monsanto En-
viro-Chem Systems, Inc., established for outside commercial usersof FLOWTRAN. However,
in March 1973 Monsanto terminated the service bureau, thus eliminating that means of access-
ing FLOWTRAN. University of Texas Professor John J. McKetta of the CACHE Advisory
Committee called Mr. F. E. Reese, Vice President and General Manager of Monsanto, to dis-
cuss other means of acquiring FLOWTRAN. Mr. Reese's response was encouraging. There-
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fore, on June 13, 1973, in a formal letter to Mr. John W. Hanley, President of Monsanto
Company, CACHE requested that Monsanto consider other means for alowing chemical en-
gineering faculty and students to use FLOWTRAN for both course work and research. With
the additional support and assistance of M. C. Throdahl, J. R. Fair, and S. |. Proctor of Mon-
santo, approval for the use of FLOWTRAN via a national computer network, was granted by
Monsanto Company in aletter from Jim Fair dated November 9, 1973. This approval included
assistance in implementing the system by providing a grant and loaning specialists from the
Monsanto Corporate Engineering Department.

Starting on May 10, 1974, Dr. Allen C. Pauls of Monsanto directed a three-day training
course on FLOWTRAN, which was attended by Richard R. Hughes, H. Peter Hutchison, J. D.
Seader, Warren D. Seider, and Arthur W. Westerberg. On June 5, 1974, at a meeting of the
CACHE Committee in Seven Springs, Pennsylvania, Dr. Proctor of Monsanto formally pre-
sented CACHE with aMonsanto grant, in the amount of $7,000 in cash and $21,000 in servic-
es, and conditions for making FLOWTRAN available to universities. For a department to use
FLOWTRAN, athree-party agreement, drawn up by Monsanto, had to be signed by the depart-
ment, CACHE, and Monsanto, so as to make sure that the program would only be used for ed-
ucational purposes.

The FLOWTRAN project marked the first attempt by CACHE to distribute computing
services viaacomputer network. In connection with this effort, the Program Distribution Task
Force, chaired by Warren Seider, completed the document CACHE Guidelines for Computer
Networks in June 1974. As a result of that effort, CACHE began a cooperative venture with
EDUCOM (The Inter-university Communications Council) to help develop an educational
computer network. In 1976, an article by the Program Distribution Task Force entitled, “As-
pects of Software Dissemination in Chemical Engineering,” was published in the proceedings
of the EDUCOM Fall Conference. On September 28-29, 1978 at Washington, D.C., CACHE,
under the direction of Seider, Westerberg, and EDUCOM representatives, sponsored an NSF-
funded networking conference entitled “How Can the Chemical Engineering Discipline Best
Utilize Networks for the Sharing of Computer-Based Resources in Research and Teaching”; it
was attended by 25 educators.

By the end of 1977, CACHE had: (1) held five 4-day FLOWTRAN workshops, under the
administration of the Continuing Education Department of the AIChE, in Evanston, Houston,
Boston, Madison, and Philadelphiato instruct a total of 90 faculty in the use of the program;
(2) written and distributed three books, FLOWTRAN Simulation - An Introduction, CACHE
Use of FLOWTRAN on UCS (a national network), and Exercisesin Process Smulation Using
FLOWTRAN; (3) formed aFLOWTRAN User’ s Group; and (4) begantoissuea FLOWTRAN
Newsdletter edited by Professors J. Peter Clark and Jude T. Sommerfeld.

Until 1982, FLOWTRAN could only be accessed from the UCS network. After that, Mon-
santo released the source code to CACHE and approved the preparation of load modulesfor 14
different computer/operating system combinations so that universities could run FLOWTRAN
on their own computers. The conversion of the FLOWTRAN source code to load modules for
various systems was greatly facilitated by avery careful conversion carried out by the Univer-
sity of Michigan under the direction of Brice Carnahan, which was the subject of two detailed
reports that were distributed to other converters. The cost to license the load module was $175
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to universities supporting CACHE and $250 to others. In May 1987 Professor Lorenz T. Bie-
gler of Carnegie-Mellon University, and a member of CACHE, completed the preparation of
an SQP optimization routine as an add-in to FLOWTRAN.

On April 4, 1994, after almost 20 years of providing the use of FLOWTRAN to universi-
ties and when a number of more advanced commercial simulators had entered the market and
were being licensed to universities at low cost, Monsanto announced that they would discon-
tinue licensing FLOWTRAN to universities. During the 20-year period of the CACHE
FLOWTRAN project, 59 universities used the program on the UCS network, 190 FLOWT-
RAN load modules were distributed to universities (141 in the United States, 11 in Canada, and
38in 21 other foreign countries), and 15,000 copies of three editions of FLOWTRAN Simula-
tion - An Introduction, which had been printed in Ann Arbor, Michigan under the direction of
Brice Carnahan, were sold. Today, amost all departments of chemical engineering teach their
undergraduates the use of computer-aided, steady-state chemical process simulation.

Although the biannual CACHE News and the annual receptions for CACHE representa-
tives have been and continue to be the main means of communicating CACHE activities and
products to faculty, CACHE officers, trustees, and committee members have, from time to
time, published general and specific articles about CACHE in magazines, journal's, and specia
reports. Thefirst such article appeared asa CACHE report on January 1, 1972, and was entitled
Origins and Organization of the CACHE Committee, by Seider, Evans, and Westerberg. Other
articles have followed, including:

“Computers in Education: How Chemical Engineers Organized the CACHE
Committee,” by Seider, Evans, and Westerberg, in EDUCOM Bulletin,
Vol. 8, No. 2, pp 10-17, Summer 1973.

“Use of FLOWTRAN Simulation in Education,” by J. Peter Clark and Jude T.
Sommerfeld,” in Chemical Engineering Education, p 90, Spring 1976.

“What is CACHE?,” by Himmelblau and Hughes, in Chemical Engineering Ed-
ucation, pp 84-87, Spring 1980.

“Computer Graphicsin Chemical Engineering Education,” by Edgar, in Chem-
ical Engineering Progress, pp 55-59, March 1981.

“Computer Graphicsin ChE Education,” by Reklaitis, Mah, and Edgar, in En-
gineering Education, pp 147-151, December 1983.

“The Impact of Computers on Undergraduate Education,” by Finlayson, in
Chemical Engineering Progress, pp 70-74, February 1984.

“Computer Aidsin Chemical Education,” by Edgar, Mah, Reklaitis, and Him-
melblau, in ChemTech, pp 277-283, 1988.

“Education and Training in Chemical Engineering Related to the Use of Com-
puters,” by Seader, in Computers and Chemical Engineering, Vol. 13,
pp 377-384, 1989.

“Computer Aids for Chemical Engineering Education: An Assessment of
CACHE — 1971-1992,” by Seider, in Computer Applicationsin Engi-
neering Education, Vol.1, No. 1, pp 3-10, 1992.
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Since its inception, CACHE has sought ways to cooperate with the ASEE in providing
summer education in computing for chemical engineering faculty. In August 1972, Warren
Seider made a presentation on the mission and activities of CACHE to an audience of nearly
100 educators, on arainy afternoon, at the ASEE Summer School for Chemical Engineering
Faculty in Boulder, Colorado. A similar presentation was made by Paul Shannon on June 27,
1973 to another 40-50 educators. In August 1977, at the ASEE Summer School for Chemical
Engineering at Snowmass, Colorado, CACHE held demonstrations and workshops on interac-
tive computing. At subsequent ASEE summer schoolsin 1982 at the University of California
at Santa Barbara, in 1987 at Southeastern Massachusetts University, and in 1992 at Montana
State University, CACHE typically organized and assumed responsibility for seven or eight
computing sessions. These summer sessions have provided an exceptional opportunity for
CACHE to inform chemical engineering educators of new educational computing tools.

During itsfirst quarter century, CACHE also maintained close ties with the AIChE. One
trustee (Hughes) served as Vice-President and then President of AIChE from 1981-1982, eight
trustees (Hughes, Himmelblau, Evans, Seader, Seider, Seinfeld, Edgar, Finlayson and Fogler)
served 3-year terms as Director, and another (Edgar) was elected Vice President of the Institute
in 1995 and assumed the Presidency in 1996. Many CACHE trustees have held officesin the
CAST Division, where they have been responsible for computing sessions at AlChE meetings.
A number of trustees have received Institute awards: (1) Seinfeld, Edgar, Stephanopoul os, Mo-
rari, and Kim for the Allan P. Colburn award; (2) Sandler and Denn for the Professional
Progress award; (3) Finlayson, Denn, Seinfeld, and Westerberg for the William H. Walker
award; and (4) Douglas and Fogler for the Warren K. Lewis award. The Founders award was
given to Himmelblau in 1992. Since its inception in 1979, the Computing in Chemical Engi-
neering Award of the CAST Division has been given to a CACHE trustee (Hughes, Carnahan,
Mah, Evans, Westerberg, Reklaitis, Himmelblau, Douglas, Seader, Motard, Seider, Stephan-
opoulos, and Grossmann) every year but three. The CAST Computing Practice Award was giv-
en to a CACHE industrial trustee, Siirola, in 1991. Seinfeld, Smith, Morari, and Arkun have
received the Donald P. Eckman Award and Edgar has received the AACC Education Award.
The annual Institute Lecture has been given by Seinfeld (1980), Seader (1983), Westerberg
(1989), and Douglas (1993).

At the February 20-23, 1972 AIChE Annua Meeting in Dallas, the CACHE Committee
sponsored its first symposium, which consisted of two sessions on Computer-Aided Process
Synthesis. Over 100 persons attended the sessions, which were chaired by Seader and Elzy. A
review article on that topic, co-authored by Seader, appeared in the January 1973 issue of the
AIChE Journal. Since then, CACHE has sponsored symposia at AIChE meetingsin St. Louis
in May 1972, in Washington, D.C. in November 1983, and in Anaheim in May 1984. On No-
vember 5, 1989, Biegler presented an AIChE seminar on optimization at the San Francisco
meeting. On November 11, 1990, Cutlip presented a seminar on the use of POLYMATH for
numerical calculationsat the AIChE Annual meeting. A special symposium entitled, “ Comput-
ersin Chemical Engineering Education - 25 Years of CACHE,” was held on November 16,
1994 at the AIChE Annual meeting in San Francisco, chaired by Cutlip and Himmelblau. Four
papers were presented: (1) Edgar, “Process Control Education: Present, Past, Future,” (2) Fo-
gler, “Ghosts of Interactive Computing: Past, Present, Future,” (3) Stephanopoulos, “Knowl-
edge, Computers, and Process Engineering: A Critical Synthesis,” and (4) Carnahan, “2001 -
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A Computing Odyssey.”

At the Buck Hill meeting on September 2-3, 1971, operating policies were established for
the CACHE Committee. Some of the important policies were: (1) amaximum of 18 members,
(2) atask force structure in which the chairman must be a CACHE member, but other members
of the task force could be non-members, including participants from industry and government,
aswell asfaculty, (3) election of new members each year by the present members, (4) athree-
year term of membership, but with provision for re-election, and (5) election of a new vice-
chairman and secretary each year, with the current vice-chairman automatically becoming the
next chairman. These operating policies remained in effect, with only minor changes, until
March 25, 1974, when CACHE was incorporated as a non-profit corporation in the state of
Michigan, with Brice Carnahan as the Registered Agent, but with a business address in Cam-
bridge, Massachusetts. The Articles of Incorporation were prepared by Betty Ann Weaver, At-
torney at Law in Glen Arbor, Michigan and sister of Bob Weaver, newly elected CACHE
Secretary.

At that time, CACHE had a part-time secretary, Cindy Driear, alawyer, William Thedinga
of the firm of Bingham, Dana & Gould, and an accountant, Joseph Cullinan, al residing in the
Boston area. CACHE had also established checking and savings accounts with the Cambridge
Trust Company and Cambridge Savings Bank, respectively. The first balance statement
showed assets of $5,519 and liabilities of $2,994. On June 6, 1974, at Seven Springs Inn in
Champion, Pennsylvania, the first meeting of the trustees (made up from current CACHE
Committee officers and members) of the newly formed CACHE Corporation was held. New
Bylaws were presented by Bob Weaver and ratified after afew minor revisions. These Bylaws
added an Executive Officer, who would also act as Treasurer, and an Executive Committee.
Meetings of the trustees would be held twice each year; new officers would be elected each
year, except that the Vice-President would automatically succeed to the presidency; and the
number of trustees would be limited to 21 chemical engineering educators, who would serve
for three-year terms, but with the possibility of re-election.

On October 2, 1974 Solomon Watson of the law firm of Bingham, Dana & Gould in Bos-
ton suggested that CACHE could enhance its attempt to gain tax-exempt status with the IRS if
CACHE would form a Massachusetts not-for-profit corporation of the same name, into which
the recently formed CACHE Corporation of Michigan would merge. On December 6, 1974 at
atrustee’'s meeting at Boar's Head Inn in Charlottesville, Virginia, the CACHE membership
voted to accept the merger plan. On February 26, 1975 the CACHE Committee became The
CACHE Corporation in The Commonwealth of Massachusetts. Early in 1975, the IRS ap-
proved an exemption from Federal incometax and on March 15, 1976 the corporation in Mich-
igan was dissolved.

When the CACHE Corporation Bylaws were approved on June 6, 1974, Ernie Henley
questioned the restriction of membership to those in academia. At the December 2-4, 1976
meeting at The Abbey, Lake Geneva, Wisconsin, the trustees approved a motion by Duncan
Méllichamp and David Himmelblau that CACHE elect industrial affiliates as non-voting mem-
bersto serve for one year. At the August 5-7, 1977 meeting at Snowmass Village, Colorado,
the trustees approved a motion to extend the term for industrial members to three years. The
first three industrial members elected were Theodore Leininger of DuPont, Edward Rosen of



32 COMPUTERSIN CHEMICAL ENGINEERING EDUCATION

Monsanto, and Louis Tichacek of Shell Oil. At the May 17-19, 1979 meeting in St. Louis, the
term of office for President, Vice-President, and Secretary was increased to two years. At the
November 12-13, 1981 meeting at Cancun, Mexico, an extensive revision of the Bylaws was
approved. The number of (voting) trustees was increased to 28, but the number of academic
trustees was limited to 21 and the number of industrial (including government employees and
consultants) waslimited to 7. The Executive Officer-Treasurer would be appointed by the Pres-
ident for an unspecified number of years. To date, the Executive Officers of CACHE have been
Larry Evans (1974-1980), J. D. Seader (1980-1984), and David Himmelblau (1984-date). At
the November 5-7, 1992 meeting in Coral Gables following the AIChE meeting in Miami
Beach, CACHE approved an extensive revision of the Bylaws prepared by Jeffrey Siirola, an
industrial trustee. The revision was made to clarify certain statements, add consistency, im-
prove organization, and delete obsolete or irrelevant material.

By 1974, the impact of CACHE on the use of computersin chemical engineering educa-
tion began to be recognized by industry and, as mentioned above, CACHE began to recognize
the importance of working closely with industry. Starting in 1974 with the Monsanto grant to
CACHE for the FLOWTRAN project, CACHE began to receive some industrial grants annu-
aly. The following companies have contributed financial support to CACHE during the 20-
year period from 1974 to 1995: Chevron Research Corporation, Chiyoda Chemical Engineer-
ing and Construction Company, Digital Equipment Company, Dow Elanco, DuPont Commit-
tee on Educational Aid, EXXON Educational Foundation, The Halcon SD Group, Monsanto
Chemical Company, Olin Chemicals Corporation, Pfizer Foundation, Process Simulation In-
ternational, Rust International Corporation, Simulation Sciences Incorporated, Shell Compa-
nies Foundation, Tektronix, Tennessee Eastman Company, Weyerhaeuser Company, and the
Xerox Foundation.

The first of the three most memorable CACHE meetings was the one held on December
3-4, 1971 at the Sonoma Mission Inn, following the annual AIChE meeting in San Francisco.
No one present has forgottenit. The Innislocated in the heart of the wine country north of San
Francisco. Californiais noted for the many beautiful Catholic Missions located along most of
the length of the state. But the Sonoma Mission Inn turned out to be aretirement home that also
served as an overflow motel for the region. The rooms were spacious, but old and poorly fur-
nished with door locks that used latch keys, many of which didn’t work. Meals were served
mostly family style on paper table cloths. Except for the retired people living there, we were
the only guests. To make mattersworse, it rained both dayswe were there. Following this meet-
ing, at the suggestion of Ernest Henley, the Ed Grens Memorial Prize was established for ac-
knowledging never-to-be forgotten meeting arrangements. To date that cherished prize has
gone to: (1) Edward Grens for the 1971 Sonoma meeting, (2) Warren Seider for the 1978
Spring Lake meeting, and (3) Thomas Edgar for the 1986 Biloxi meeting. On the positive side
at the Sonoma Meeting, Larry Evans presented the outline of a proposal to the NSF for contin-
ued support of CACHE for the three-year period of 1973-75 to: (1) develop and evaluate new
computer-based courses and curricula, (2) create special computer aids for education, and (3)
determine effective mechanisms for distributing computing materials. Without additional
funding from NSF, the future operation of CACHE would have been in peril because no other
sources of funding had been forthcoming.

Like the first proposal to the NSF for support of CACHE, the second proposal would be
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sponsored and submitted by the COE of the NAE. It was determined that the best chance for
funding the proposal was with the Division of Undergraduate Education in Science, where Dr.
Gregg Edwards was the Assistant Program Director for the Science Course Improvement Pro-
gram. In January 1972, the CACHE officersdiscussed plansfor the proposal with Dr. Edwards,
who gave little encouragement. However, on areturn visit by the CACHE Executive Commit-
tee in May 1972, in which some proposal changes were discussed, Dr. Edwards expressed
some optimism. The 54-page formal proposal, written largely by Larry Evans, CACHE Vice-
Chairman, was sent on September 27, 1972 with a request for $94,014 for the 3-year period.
The proposal emphasized the exploitation of new computing technology to carry out projects
that would lead to self-sufficiency for CACHE. Accordingly, the proposal called for the estab-
lishment of three new task forces: (1) the Modularized Instruction Task Forceto coordinate the
development of 100 teaching modules, (2) the Real-Time Laboratory Task Force to coordinate
the preparation of instructional material for undergraduate laboratories, and (3) the Program
Distribution Task Force to identify workable mechanisms, including computer networks, to
distribute small and large-scale computer programs and modules. Prior to the meeting of June
6-8, 1973 at Ann Arbor, Michigan, the NSF funded the three-year proposal for a total of
$93,884. CACHE now had until the end of 1975 to find new ways to support its activities.

At the November 30 - December 2, 1972 meeting at Grossingersin New Y ork, David M.
Himmelblau was elected to membership in CACHE. He quickly developed a concern for the
futurefinancial survival of CACHE and determined that areliable and steady source of income
was essential. Because it was becoming apparent that CACHE could provide continuing and
worthwhile educational computing services to departments of chemical engineering in univer-
sities, he suggested at the December 5-7, 1974 meeting at Charlottesville, Virginia that
CACHE should consider aperiodic solicitation of all departmentsin the United Statesand Can-
ada. In return, the departments would receive discounts on CACHE products. At the following
meeting, held on April 2, 1975 in Houston, his idea was put into effect. At the August 21-23,
1975 meeting in Andover, Massachusetts, Himmelblau was appointed Chair of a Standing
Committee for Development. At the November 20-22, 1975 meeting at San Diego, Himmel-
blau announced that approximately 65 schools had pledged or contributed $200. A second so-
licitation was initiated in the Spring of 1978 which resulted in 64 contributions from schools
in the United States and Canada. Since then, schools have been solicitated for two-years of sup-
port every other year and more recently on a yearly basis. Starting with the September 1982
issue (No. 15) of CACHE News, departments supporting CACHE have been listed. That list
has continually grown and has expanded to include departments outside of the United States
and Canada. In the Spring 1994 issue (No. 38) of CACHE News, the list included 110 depart-
ments in the United States, 16 departments in Canada, and 22 in other countries. During the
past 3 years, the solicitation of departments has brought an average annual income to CACHE
of $15,500.

Thefirst CACHE proposal to a Federal agency for a specific project came from the Mod-
ularized Instruction Task Force, chaired by Ernest Henley, who became the President of
CACHE in 1975. Funded by the NSF as Grant No. HES75-03911 on July 1, 1975 through the
office of Dr. Gregg Edwardsfor atotal of $145,790, the CHEMI (Chemical Engineering Mod-
ular Instruction) Project, had asits goal the development and distribution of from 50 to 80 self-
study, single concept, text modules covering the entire chemical engineering undergraduate
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curriculum, including the seven areas covered in the earlier CACHE computer program vol-
umes, which had been developed under the leadership of Ernest Henley. Each module was to
befrom 7 to 15 pagesin length, containing theory and examples suitable for aone-hour lecture
and with homework exercises. The modules would be solicitated from the worldwide chemical
engineering community. William Heenan of the University of Puerto Rico agreed to be the Ex-
ecutive Director for the project, which was announced in the December 8, 1975 issue of Chem-
ical and Engineering News.

This project was amodel of organization. By June 1976, the preparation of about 70% of
the modules had been commissioned. By June 1977, 67 modules had been completed. Al-
though the 3-year project was moving along quite well, it became apparent early in 1978 that
it could not be completed by mid-1978. Accordingly, CACHE requested and was granted, on
June 2, 1978, ano-cost contract extension until May 31, 1979. At the May 17-19, 1979 meeting
of CACHE in St. Louis, Ernest Henley reported that 111 modules had been completed in six
areas, the Design area having been delayed. He also reported that an agreement had been
reached with Hal Abramson of the AIChE to publish the modules, which ultimately numbered
230.

CACHE donated its copyrights to all the modules developed under the CHEMI Project
and provide $16,000 toward printing the volumes. The AIChE set aside $100,000 towards the
printing and distribution of all six volumes. Later, The AIChE made the decision to cluster the
modulesinto groups of 3-11 and publish them in six series of 3-7 volumes each under thetitle
AIChEMI Modular Instruction. In the October 1980 issue of Chemical Engineering Progress,
the AIChE announced the publication of the first six volumes of the AIChEMI Modular In-
struction Series available for $15 each. In January 1981, all chemical engineering departments
in the United States and Canada received a copy of the 93-page Vol. 1: “Analysis of Dynamic
Systems” of Series A: Process Control, edited by Thomas F. Edgar, who had been elected a
CACHE Trustee at the December 2-4 meeting at Lake Geneva, Wisconsin. By 1987, the De-
sign series had been added and the AIChE had published atotal of 36 volumes. Solutionsto the
homework exercises were available under separate cover.

At the May 17-19, 1979 meeting of CACHE in St. Louis, Missouri, David M. Himmel-
blau, who became President of CACHE on June 7, 1978 at the meeting at Spring Lake, New
Jersey, announced that he had submitted to the NSF afollow-up proposal to the CHEMI Project
entitled, “ Assessment of Alternative Distribution Systems for Modular Instructional Materi-
as.” The purposes of this project were to complete additional undergraduate-level teaching
modules, create 80 graduate-level modules, prepare 500 abstracts of topics not covered in the
modules, test the modules that had been and were being produced, and experiment with ways
to disseminate and encourage use of the materialsthrough an on-line system on acomputer net-
work. On September 12, 1979 CACHE received notice from the NSF for funding of the pro-
posal under Grant No. SED-79-13021 for a total of $298,500 for the 4-year period from
September 12, 1979 to September 30, 1983. An additional $36,384 under Grant No. SED-81-
16698 was added on August 19, 1981 and the expiration date was extended to September 30,
1984 on March 9, 1983. Funding actually ran out in March 1984 and the final report to the NSF
was sent on March 30, 1984. This project was one of the first to demonstrate that a large edu-
cational data base could be computerized. During the period of the CHEMI Project, a Confer-
ence on Software Portability was held at the University of Texas at Austin on November 23,
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1981.

At the September 2-3, 1971 meeting at Buck Hill Falls, Pennsylvania, Lawrence Evans
reported that, based on a survey of 153 universities, interest in real-time computing was grow-
ing rapidly. By 1972, it was estimated that approximately 50 departments would have equip-
ment for such computing. Accordingly, atask force was formed, chaired by Eugene Elzy, to
assess the role of real-time computing in the chemical engineering curriculum. In October
1973, the task force published an interim report which listed: (1) specifications for rea-time
digital computing systems, (2) experiments utilizing real-time digital computers, and (3) sam-
ple outlines for courses in real-time computing. A second survey, completed in January 1974,
indicated continued growing interest. Therefore, a CACHE Workshop, arranged by Cecil
Smith (who had become a Trustee in 1972) as part of the AIChE Continuing Education pro-
gram, was held on December 1-2, 1974 in Washington, DC. The 13 paid attendees received
instruction on establishing and operating real-time computing systems. At the following
CACHE Trustee's meeting held on December 5-7, 1974, Duncan Méellichamp, who had be-
come aTrusteejust ayear before, became the new Chairman of the Real-Time Task Force and
announced that plans were well underway for 12 members of the task force to prepare the
CACHE Monograph Series in Real-Time Computing. The first of eight monographs, which
eventually totaled more than 700 pages, was published by CACHE in the summer of 1977.
Through generous grants from EXXON and Shell, CACHE distributed a full set of mono-
graphs to each CACHE-supporting department. The project was completed in 1978 and the
monographs were available for purchase until 1985. Approximately 500 sets of the mono-
graphs were sold by CACHE at prices ranging from $15 to $28.

Another task force formed early in the history of CACHE was the Physical Properties
Task Force, chaired by Rudy Motard, whose CHESS program included TAP, the first widely
available computer program, devel oped by Henley, for estimating the properties of gasand lig-
uid mixtures. In August, 1972 the task force published avery useful 35-page CACHE Physical
Properties Data Book by Michael R. Samuels, which included extensive listings of sources of
physical property data, including 19 handbooks, 69 general data tabulations, and 24 reference
sources, indexed by property type. This book was distributed to all chemical engineering de-
partmentsin the United States and Canada.

At the AIChE National Meeting at St. Louisin 1972, Ronald L. Klaus and Rudy Motard
presented a paper entitled, “Design of aPhysical Property Information System for Undergrad-
uate Education.” A detailed report on a proposed project for devel oping such a system was pre-
sented by the task force in an October 1974 final report. The system would be modular so that
auniversity could assemble its own system structure. The project was abandoned when it was
learned that many such systems were being developed by industry. One such system, devel-
oped jointly by the Institution of Chemical Engineers and the Engineering Sciences Data Unit
in England, is PPDS (Physical Property Data Service). In 1981, Rudy Motard obtained grants
from DuPont and Simulation Sciences, Inc. to enable the install ation of an academic version of
PPDS on the TELENET communication network at Carnegie Mellon University. His booklet,
Introduction to CACHE Version of Physical Property Data Service, described the use of the
system on the network. The CACHE version of PPDS contained data records of 18 constants
for 50 common chemicals, and methods for calculating 15 different vapor and liquid mixture
properties. Unfortunately, the service was little used because the biggest need for properties
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wasin simulation, and programs like FLOWTRAN that had built-in physical property estima-
tion systems. Neverthel ess, the project demonstrated the use of a computer network to share a
proprietary program and stimulated interest in large physical property data systems.

In the early 1970s, little interest was shown by academiain the United Statesin teaching
plant safety to undergraduate students in chemical engineering. The 1968 second edition of
Plant Design and Economics for Chemical Engineers by Peters and Timmerhaus devoted only
one page to the subject. The 1980 edition increased this to about three pages. Finally in the
1990 edition, following the tragic December 1984 Bhopal, India accident in a pesticides plant
that released a lethal cloud of methyl isocyanate, killing more than 6,000 people, injuring
200,000 or more, and leaving tens of thousands permanently impaired, almost 30 pages were
devoted to health and safety in chemical plants. This early neglect had not been the casein En-
gland, where a guide entitled, Flowsheeting for Safety was published by the Institution of
Chemical Engineersin 1976 and widely used thereafter. At the November 30 - December 2,
1972 meeting at Grossinger’ sin New Y ork, Gary J. Powerswas el ected a Trustee. Powers, with
DaeF. Rudd and Jeffrey J. Siirola, had developed in the early 1970sthe first process synthesis
computer program, AIDES, and the first textbook on process synthesis. Powers was now turn-
ing his attention to the related topics of reliability and safety. At the December, 1974 meeting
at Charlottesville, a Safety and Reliability Task Force was organized, with Powers as Chair, to
assemble material on safety and reliability technology for the chemica engineering curricu-
lum. On April 17, 1975 Powers and Henley submitted a CACHE proposal to the Sloane Foun-
dation for funding a safety and reliability project. However, because CACHE did not have a
tax-exempt status at that time, the Sloane Foundation would not entertain the proposal. Subse-
quently, arevised proposal for about $100,000 was submitted to the Exxon Foundation to in-
stall safety and reliability programs on anetwork for use by faculty and students. That proposal
aso failed to be funded and activity by CACHE in this area was suspended until 1982 when
Himmelblau obtai ned a process troubl eshooting computer program devel oped by Professor lan
D. Doig of Australia. That program, which simulates malfunctionsin two different plants and
was described in CACHE News No. 17 (September 1983), was distributed by CACHE in the
Spring of 1983. Today, material for teaching safety to chemical engineersis widely available
through the Center for Chemical Process Safety of the AIChE and in recent textbooks such as
Chemical Process Safety by D. A. Crowl and J. F. Louvar (1990).

Also at the December 1974 meeting at Charlottesville, Weaver proposed a new CACHE
effort for assembling teaching materials in resource management, with particular attention to
the data bases. The Resource Management Task Force was organized with Weaver as Chair.
By the August 1975 meeting in Andover, Massachusetts, the task force had submitted a
CACHE proposal to NSF for fundsto produce educational material sfor undergraduate courses.
At the suggestion of the NSF, the proposal was expanded to include macroeconomics, aloca-
tion studies, and the creation of data bases. A third revision was submitted in 1976 for about
$200,000. At the November 16-18, 1978 meeting at Nassau, following the annual AlChE meet-
ing in Miami, several unsuccessful attempts at funding with the NSF, the Dreyfus Foundation,
and the Ford Foundation were reported. The primary difficulty had been in trying to define the
problem from a chemical engineering viewpoint. Although a number of trustees felt that there
was aneed for instruction in resource management, the task force was dissolved at the May 17-
19, 1979 meeting in St. Louis. A textbook for chemical engineers on the subject of resource
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management, entitled The Sructure of the Chemical Processing Industries, was published in
1978 by Professors Wei, Russell, and Swartzlander of the University of Delaware.

At the December 5-7, 1974 meeting in Charlottesville, Virginia, the Computer Graphics
Ad-Hoc Task Force was formed with Richard S. H. Mah as Chairman. Dick Mah had been
elected a Trustee the previous year and, along with Brice Carnahan and H. Scott Fogler, who
had been a elected Trustee in November 1975, believed that computer graphics could have a
tremendous impact on education. However, at that time extraordinary resources were required
to store graphical images and standards were lacking. On August 3-4, 1977, the task force held
an “Interactive Computing Workshop” in conjunction with the ASEE Summer School for
Chemical Engineering Educators at Snowmass Village, Colorado. At that time, they aso con-
ducted a survey on graphics usage in education. In 1978, the task force published a 66-page
CACHE report entitled Computer Graphics in Chemical Engineering Education, in which
software and hardware were discussed, along with potential applicationsin chemical engineer-
ing. Included were the results of the survey, which showed that although 90% of the 31 respon-
dents had graphics terminals, only 15% were using computer graphics in coursework. At the
November 17-19, 1977 meeting in Buck Hill Falls, Pennsylvania, the ad-hoc task force was
made afull task force, with Thomas Edgar as Chairman. By August 1, 1979, as reported in an
article entitled Computer Graphicsin Chemical Engineering Education by Edgar in the March
1981 issue of Chemical Engineering Progress, a new survey showed that 67 of 87 reporting
departments now had graphics devices. Thirty-five percent of the respondents were using
graphics to help in the teaching of such topics as dynamics and control, design, kinetics, heat
transfer, thermodynamics, distillation, and stoichiometry. Many were using graphicsfor simple
plotting.

In the Spring of 1983, athird CACHE report, entitled Computer Graphicsin the ChE Cur-
riculum, ASEE/NSF Position Paper, by G. (Rex) V. Reklaitis, Mah, and Edgar was published.
Rex Reklaitis had been elected a Trustee on November 30, 1980 at the meeting in Hershey,
Pennsylvania and had become the Chairman of the Computer Graphics Task Force at the Fon-
tana, Wisconsin meeting, November 20-22, 1980. The position paper presented a five-year
plan for the revitalization of undergraduate education by the focused introduction of interactive
computer graphics technology and courseware. The plan called for an equipment grant pro-
gram, a computer-aided instruction courseware development program, a software clearing-
house, and a faculty training program. CACHE would be successful later in obtaining grants
for courseware development. Edgar and Reklaitis of the Computer Graphics Task Force were
guest editors for a special CACHE-sponsored 1981 issue (No. 4) of Computers and Chemical
Engineering, which included 11 refereed articles on the application of computer graphicsin
chemical engineering.

At the August 21-23, 1975 meeting held at Andover, Maine, a standing Committee for
Publications was organized, with Brice Carnahan as Chairman. In 1974, Carnahan had brought
to the attention of CACHE that books could be printed from camera-ready copy and bound with
along-lasting soft-cover binding at alow cost by several printersin Ann Arbor, Michigan. Fur-
thermore, Ulrich’s Bookstore in Ann Arbor could be used as the distributor. Carnahan became
the CACHE publisher. The products were either sold from Ulrich’s Book Store or distributed
from the Carnahan warehouse (his garage). CACHE publications were advertised in the
CACHE News. By 1989, so many publications were available that the first CACHE Catal og of
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Products was published after preparation by Michael F. Doherty (who had been elected a
Trustee at the November 6-8, 1986 meeting in Key West, Florida). The 1994 issue of the cat-
aog, edited by Margaret Beam of the CACHE office, lists 75 different CACHE products.

On August 12, 1981, IBM announced its personal computer (PC), based on the Intel 8088
microprocessor. This unit had 10 times the internal memory of the first microcomputers, and
could process 16 bits at a time internally; an Intel 8087 coprocessor chip could be added to
greatly speed-up floating-point scientific and business calculations. By the end of 1983, IBM
had shipped an estimated 500,000 machines and awide variety of software had become avail-
able, including word processing, spreadsheets, database management, communications, data
processing, and graphics. Computing was ready to migrate from the Computer Center to the
desktop. CACHE had already been made aware of the impending development of microcom-
puters at the April 14-16, 1976 meeting at the Lake of the Ozarksin Missouri because of infor-
mation provided by Joseph D. Wright (industria trustee from XEROX), who had became a
Trustee in November 1975 and Chairman of the Real-Time Task Force at the Ozarks meeting.

At that same meeting, H. Scott Fogler, who had a great interest in the improvement of
teaching methods, became a Trustee. At the June 7-9, 1978 meeting at Spring Lake, New Jer-
sey, Fogler was appointed Chair of the Personal Computers Task Force. At the Nov. 29-30,
1979 meeting at Carmel, California, following the AIChE Annual meeting in San Francisco.
Fogler announced that he and Carnahan had submitted a CACHE proposal to NSF on Personal
Computing. Although theinitial version of the proposal considered the preparation of programs
for hand-held calculators with magnetic strips, that task was deleted and the proposal was fo-
cused on desk-top microcomputers of the PET and Appletype. However, in 1982 thetask force
did publish Hand-Held Programmable Calculators. A Review of Available Programs for
Chemical Engineering Education, edited by Professor F. William Kroesser; this volume was
followed by a more extensive listing of published calculator programs in the March 7, 1983
issue of Chemical Engineering by another source.

On June 23, 1980, NSF awarded atwo-year grant of $128,000 to CACHE, to fund the pro-
posal by Carnahan and Fogler. This project, which would become known asthe MicroCACHE
project, involved: (1) the development, by Carnahan, of a microcomputer-based delivery or au-
thoring system for educational materials and programs and (2) the production of a small num-
ber of educational modules to test the system and demonstrate its effectiveness. The project
was completed in April 1983. The fina authoring system included a graphics package, a data-
base management package, a numerical analysis package written in FORTRAN, and 13 proto-
type educationa modulesto test and demonstrate the system. In addition, two stand-alone mod-
ules, written under Fogler’ s direction, involved the simulation of a packed-bed reactor and the
design of a multicomponent distillation column. Although the Apple Il Plus microcomputer
was selected asthe hardware vehicle, an IBM PC version of MicroCACHE, prepared with oth-
er sources of funding was theinitial system distributed by CACHE, starting latein 1984. Early
in 1986, a second IBM PC version of the MicroCACHE software was announced. By April
1987, 30 copies of the software had been purchased from CACHE by departments. The most
recent version of MicroCACHE is called MicroMENTOR, which consists of system manage-
ment software for distribution of departmental computing resources to networked personal
computers, lesson authoring software, and 11 instructional modules prepared with the author-
ing system for PCs running under DOS or OS/2.
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Another venture by CACHE into the use of microcomputers began in 1981 with the elec-
tion of Peter R. Rony asa Trustee. At that time many chemical engineering faculty recognized
that computer interfacing in the laboratory was about to shift from relatively expensive mini-
computers to much less expensive microcomputers, as predicted by Wright. Starting in 1974,
Rony had written and edited monthly columns on computers and, more particularly, on micro-
computer interfacing, in American Laboratory and Computer Design. He had authored nine
popular books (called the “Bug” books) on integrated circuits, programming, and interfacing
of microprocessors, and had conducted several short courses on those topics. At the April 8-9,
1981 meeting in Houston, CACHE approved afive-day course on microcomputer interfacing/
programming to be given by Rony for 20 interested faculty, at the lowest possible cost, at Pur-
due University on February 11-15, 1982. The great success of the course led to an additional
five-day course on October 21-25, 1982 at the University of Pennsylvania. One participating
faculty member commented that this course was the most important thing that CACHE had
done to date.

On February 12, 1984, Rony and Wright published the results of a survey entitled, “Mi-
crocomputers and Personal Computers in American and Canadian Departments of Chemical
Engineering.” They received 46 responses and concluded that interest in the use of microcom-
puters was growing rapidly and that the introduction of the IBM PC with a 16-bit Intel chip
promised a very bright future for the personal computer. In November 1984, Wright arranged
for appearance of the survey resultsin the April 1980 issue (No. 14) of CACHE News, and sig-
nal ed theimportance of faculty members having their own personal computers. In 1982, he be-
gan compiling lists of programs for microcomputers and arranged a visit by the CACHE
Trusteesto the Xerox Palo Alto Research Center (PARC) where much of the early research that
culminated in the graphical interface of the Apple Macintosh computer was carried out.

At the November 20-22, 1980 meeting at Fontana, Wisconsin, Bruce A. Finlayson was
elected a Trustee. Finlayson had authored two important books in numerical mathematics for
chemical engineers and was one of the first faculty to have his own personal computer and to
recognize its advantages over mainframe computers, particularly in the graphics area. Begin-
ning with the April 1984 issue (No. 18) of CACHE News, he wrote a series of articles entitled
“Programsfor PCs,” which described in detail available software of interest to chemical engi-
neers. By the Spring 1993 issue, Finlayson had described 24 programs.

Starting in the 1970s, and especially in 1976 with funding by the NSF and the DOE for
the LINPACK project of the Applied Mathematics Division of Argonne National Laboratory,
high-quality public-domain software for numerical methods began to become available. At the
November 12-13, 1981 meeting in Cancun, William E. Schiesser, an important contributor to
the development of software for the numerical solution of ordinary and partial differentia
equations, became a Trustee of CACHE. Beginning in 1975, he had served as Chairman for the
biannual AICA/IMACS International Symposia on Computer Methods for Partial Differential
Equations. Starting in the September 1982 issue (No. 15) of CACHE News, he wrote a series
of articles on available high-quality software for the solution of systems of linear, nonlinear,
ordinary differentia, partial differential, and differential-algebraic equations. Most important-
ly, he became a distributor for several of the more widely used packages, so that copies could
be obtained by faculty from him. By the Spring 1989 issue of CACHE News, Schiesser had
written seven articles on these programs. Much of thistype of softwareis now readily available
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over the Internet by accessing netlib@ornl.gov, from which anindex of all available programs
can be obtained by E-mail request. While this software was almost exclusively used on main-
frames, minicomputers, and workstations when the software first became available, much of
the software runs at an adequate speed on today’ s PCs.

Another early thrust by CACHE in computer-based instruction using desktop computers
was made by Stanley |. Sandler and Michael B. Cutlip, who were also elected Trustees at the
November 1981 meeting. At that time, the Control Data Corporation had developed a world-
wide educational computer system called PLATO, which used special touch-screen terminas
connected to a dedicated mainframe computer. Sandler and Cutlip were among the chemical
engineers who were leaders in developing PLATO software. At the July 30 - August 1, 1982
meeting at Ojai, California, they were appointed Co-Chairs of a new Computer-based Instruc-
tion Task Force. The PLATO system had already been evaluated by Cameron M. Crowe, based
on his experiences with second-year chemical engineering students in a material balance, en-
ergy balance, and thermodynamics class. The PLATO lessons had been prepared by Sandler,
Charles A. Eckert, N. A. Ashby, and S. C. Miller. Crowe's evaluation, which appeared in the
April 1982 issue (No. 14) of CACHE News, stressed the importance of PLATO in practicing
problem solving and reviewing concepts. Unfortunately, the cost of using the PLATO system
was too high for it to receive widespread use at universities. However, the potential use of a
desktop computer with agraphical user interface to assist computer-based instruction was well
established by the task force.

On July 6-11, 1980 at New England College, Henniker, New Hampshire, Professors Ri-
chard S. H. Mah, who had been elected Trustee in 1973, and Warren D. Seider conducted the
first International Conference on the Foundations of Computer-Aided Chemical Process De-
sign (FOCAPD), which was organized by the CAST Division of the AIChE, supported by the
NSF, and sponsored by the Engineering Foundation and the AIChE, with the proceedings being
published by the AIChE. The conference brought together 146 participants from industrial and
governmental laboratories and universities of 16 countriesto listen to, discuss, and critique 30
papers. Because design methods and tools were being improved at arapid rate due to the ready
availability of computers of increasing capability, the success of the Henniker conference sug-
gested that such a conference should be held every three or four years. Just prior to the confer-
ence, Mah wondered why CACHE couldn’t provide the management and arrangements for
such a conference. Of course, that would include setting the fee for the conference, providing
the advertising, assuming the financia risk in the event that the conference did not at least
break even, and publishing the proceedings. At the June 12-14, 1980 meeting at Hershey, Penn-
sylvania, Mah presented a proposal for CACHE to provide management and arrangements for
specialized research conferences and an Ad Hoc Committee on Conferences was formed with
Mah as the Chair. At the November 20-22, 1980 meeting at Fontana, Wisconsin, Mah's pro-
posal was approved and in 1982, the CACHE Conferences Task Force was formed with Mah
as the Chair. Prior to the formation of this task force, CACHE had only engaged in projects
involving teaching. Now CACHE would also involve itself in sponsoring conferences related
to research. Periodic conferences managed by CACHE could provide a much-needed steady
source of additional revenue through conference fees and sales of proceedings. CACHE could
provide financial assistance to young faculty to attend such conferences. The main goal of the
conferences would be to provide a mechanism for engineers from industry, government, and
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academiato share their viewpoints and directions.

Thefirst CACHE-arranged research conference, called FOCAPD-83, was the Second In-
ternational Conference on Foundations on Computer-Aided Process Design held at Snowmass
Village, Colorado on June 19-24, 1983. Art Westerberg and Dr. Henry H. Chien of Monsanto
Company served as conference chair and co-chair, respectively. The conference, whose man-
agement by CACHE was approved by the CAST Division of AIChE, was sponsored by the
NSF, nine companies, and CACHE, and had 162 attendees from 12 countries divided almost
equally between industry and academia. The conference proceedings, which included 22 pa-
pers, were edited, printed from camera-ready copy, and distributed by CACHE, under the di-
rection of Carnahan. Registration and conference arrangements were handled by Seader and
Vickie S. Jones. Total incometo CACHE for the conference was $104,000, with $21,500 com-
ing from the NSF, $11,000 from industrial sponsors, and $71,500 from registration fees at an
average of $440 each. The NSF funds were the result of a proposal of May 1, 1982 to the NSF
by Westerberg. All of the NSF and industrial-support funds were used to partially defray con-
ference fees and travel expenses for invited speakers and session chairs. In addition, CACHE
provided atotal of $2,600 for the partial support of young faculty who were invited to attend
the conference. Total expenses for the conference were $83,400. By May 30, 1984, following
sales of the proceedings to libraries and individuals not attending the conference, the net in-
cometo CACHE for the conference was about $25,000. Of this, $15,000 was set aside to back-
up future conferences. The first CACHE conference was considered a huge success both
technically and financially. However, with respect to the latter, it was recognized that the prof-
it-attendance curve is very steep. Had the attendance been only 100, CACHE would have lost
money.

At the November 18-20, 1982 meeting at Newport Beach, California, Thomas F. Edgar,
who had become President of CACHE at the April 8-9 meeting in Houston, suggested that
CACHE should offer to manage the Third International Conference on Chemical Process Con-
trol. These so-called CPC conferences were initiated in 1976, with the second conference in
1981. The offer was accepted, and CPC |11, chaired by Manfred Morari and Thomas J. McA-
voy, was held from January 12-17, 1986 at Asilomar Conference Grounds, California, with 145
participants from 16 different countries. The ability of CACHE to manage research conferenc-
eswas now firmly established and had become an important source of income for the organi-
zation. Since the FOCAPD-83 and CPC |1l conferences, the following additional CACHE
conferences have been held:

July 5-10, 1987 — “Foundations of Computer-Aided Process Operations (FO-
CAPO |) — Chaired by G. V. Reklaitis and H. Dennis Spriggs — Park
City, Utah — 135 participants.

July 10-14, 1989 — FOCAPD-89 — Chaired by J. J. Siirola, I. E. Grossmann, and
G. Stephanopoulos - Snowmass Village, Colorado — 170 participants.

February 17-22, 1991 — CPC |V— Chaired by Y. Arkun and Harmon Ray — Pa-
dre Island, Texas — 158 participants.

July 18-23, 1993 — FOCAPO |l — Chaired by David W. T. Rippin, J. C. Hale,
and J. F. Davis— Mount Crested Butte, Colorado — more than 100 par-
ticipants.



42 COMPUTERSIN CHEMICAL ENGINEERING EDUCATION

July 10-15, 1994 — FOCAPD-94 — Chaired by M. F. Doherty and L. T. Biegler
— Snowmeass Village, Colorado — 143 participants.

July 9-14, 1995 — ISPE-95 — “Intelligent Systems in Process Engineering” —
Chaired by G. Stephanopoulos, J.F. Davis, and V. Venkatasubramanian
— Snowmass Village, Colorado — Snowmass Village, Colorado — Snow-
mass Village, Colorado — 145 participants.

January 7-12, 1996 — CPC-V — Chaired by Jeffrey Kantor and Carlos Garcia—
Snowmass Village, Colorado — Tahoe City, Cdifornia — 143 partici-
pants.

To facilitate the management of conferences, especially with regard to the sharing of du-
ties between CACHE management and conference chairs, Mah, with assistance from the task
force, prepared the CACHE Conference Chairman’s Manual that was issued on March 15,
1982. At the November 11-13, 1993 meeting in St. Louis, Siirola became the new chair of the
Standing Committee on Conferences and, with Mah, prepared a major revision of the confer-
ence chairman’s manual. Plans are underway for future conferences to be held in 1997, 1998,
and 2000.

Starting in August of 1966 and finishing in 1977, Professor Buford D. Smith of Washing-
ton University, with partial funding from the Exxon Education Foundation, supervised the de-
velopment of a series of 22 design case studies prepared by chemical engineers at Monsanto,
Amoco, DuPont, Phillips Petroleum, Foster Wheeler, Washington University, Newark College
of Engineering, Notre Dame University, University of Delaware, University of Toledo, Purdue
University, and University of Arkansas. During the 1970s, these design case studies, together
with AlChE Student Contest Problems, had been become the major sources of design problems
for senior design coursesin chemical engineering.

At the November 20-21, 1980 meeting at Fontana, Wisconsin, George Stephanopoul os,
who had been elected Trusteein 1977, was appointed Chair of the newly organized Process De-
sign Case Studies Task Force whose assignment was to determine whether a new set of design
case studies that made more use of computer-aided design tools should be prepared. At the No-
vember 12-13, 1981 meeting, Manfred Morari, who had been elected Trustee at the Fontana
meeting and who became the new Chair of the Process Design Case Studies Task Force at that
meeting, presented the following findings of the task force concerning the available design case
studies: (1) they did not exercise an integrated approach, (2) they usualy did not stressthe syn-
thesis of aternatives, and (3) they did not take advantage of computer-aided design tools.
Therefore, Morari proposed that the task force supervise the development and publication of a
new series of process design case studies based on current computer-ai ded design philosophy.

The first CACHE process design case study, completed in September 1983 and entitled
Separation System for Recovery of Ethylene and Light Products from a Naphtha-Pyrolysis Gas
Stream, was based on a problem statement posed by EXXON and devel oped into a case study
by A. Michad Lincoff of Carnegie Mellon University under the supervision of Ignacio E.
Grossmann, who was elected a Trustee at the November 4-5, 1983 meeting in Williamsburg,
Virginia, and Gary E. Blau who was later elected as an industrial trustee (Dow Chemical Co.
and later Dow-Elanco) on December 1-3, 1988 at the Leesberg, Virginia meeting. The design
study involved the synthesis of a separation sequence, optimization of column pressures, and
synthesis of a heat-exchanger network. The design cal culations were made with an interactive
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process simulation program called DESPAC.

Since the first CACHE Process Design Case Study, six additional case studies have been
edited by Morari and Grossmann and published by CACHE for use by universities; the most
popular isVol. 6, with more than 90 copies sold as of early 1995:

Vol. 2 - Design of an Ammonia Synthesis Plant - Problem posed by Phillip A.
Ruziska of Exxon Chemicals - Solution by Stacy G. Bike under the su-
pervision of Grossmann - May 1985.

Vol. 3 - Preliminary Design of an Ethanol Dehydrogenation Plant - Problem
posed by Union Carbide - Solution under the supervision of Biegler and
Hughes - May 1985.

Vol. 4 - Alternative Fermentation Processes for Ethanol Production - Solution
by Samer F. Naser under the supervision of Steven E. LeBlanc and
Ronald L. Fournier of the University of Toledo - April 1988.

Vol. 5 - Retrofit of a Heat Exchanger Network and Design of a Multiproduct
Batch Plant - Solutions by Richard D. Koehler and Brenda A. Raich un-
der the supervision of Grossmann - May 1990.

Vol. 6 - Chemical Engineering Optimization Models with GAMS - Problems
prepared by faculty and students at Carnegie Mellon, Northwestern, and
Princeton with coordination by Grossmann - October 1991.

Vol. 7 - Process Integration of an Ethylene Plant - Problem posed by EXXON
and solution prepared by Gert-Jan A. F. Fienand Y. A. Liu of Virginia
Tech - 1994,

In the Spring 1989 (No. 28) issue of CACHE News, Jeffrey C. Kantor, who became a
CACHE Trusteein November 1992, published an article entitled, “Matrix Oriented Computa-
tion Using Matlab (Matrix Laboratory),” which had been developed in FORTRAN by Cleve
Moler in 1981 and included most of the numerical algorithms from LINPACK and EISPACK,
of which Moler also was a co-author. Initially, Matlab was a public-domain program, but with
the advent of PCsin the early 1980s, Moler and others formed The MathWorks, Inc. to market
PC-Matlab, written in C for portability and efficiency. By 1991, Matlab had grown consider-
ably in popularity. Toolboxes had been added, including the Control System Toolbox, and the
program was being used by students at more than 80 universitiesworldwide. In hisarticle, Kan-
tor showed how Matlab could be used to increase the productivity of a course in process con-
trol. At the April 6-7, 1991 meeting in Woodlands, Texas, The Process Design Case Studies
Task Force announced that Manfred Morari and N. Lawrence Ricker, with Douglas B. Raven
and a number of other contributors, were developing a CACHE Model Predictive Control
Toolbox (CACHE-Tools) based on the use of Matlab functions for the analysis and design of
model predictive control (MPC) systems. MPC had been conceived by industry in the 1970s
and had steadily gained in popularity until by the 1990s it had become the most widely used
multivariable control algorithm in the chemica process industries. The first version of
CACHE-Tools was distributed on October 30, 1991. A presentation and demonstration of
CACHE-Tools was made at the November 20, 1991 CACHE Open House at the Los Angeles
AIChE meeting by Yaman Arkun, who had been elected a Trustee in November 1986. An ar-
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ticle on CACHE-Tools by Morari and Ricker appeared in the Spring 1992 issue (No. 34) of
CACHE News. By early 1995, more than 40 copies of CACHE-Tools had been sold to depart-
ments.

At the November 4-5, 1983 meeting in Williamsburg, Virginia, a suggestion was made
for CACHE to focus more on the ChE curriculum and its needs and less on computer technol-
ogy. Accordingly, an Ad Hoc Committee on Curriculum was formed with Morton M. Denn,
who had been elected a Trusteein November 1981, as Chair, with the goal of assisting chemical
engineering departments to effectively integrate computing and computer technology into un-
dergraduate education. One of the factors considered by the committee was the expectations of
industry for chemical engineers entering the work force. At the November 29-December 1,
1984 meeting at Carmel, California, the Curriculum Task Force was formed with Denn and
Seider as Co-Chairs. At thefollowing meeting on March 28-29, 1985 at Woodlands, Texas, the
task force presented a position paper entitled, “ Expectations of the Competence of Chemical
Engineering Graduates in the Use of Computing Technology.” This paper, which was pub-
lished in the Winter 1986 issue of Chemical Engineering Education with an introduction by
Denn, was approved by CACHE for distribution to the AIChE Education and Accreditation
Committee. The paper listed the following expectations:

1 The graduate must be familiar with at least one computer operating sys-

tem.

2. The graduate must be competent in at least one scientific programming
language.

3. The graduate must be experienced in computer-aided acquisition and

processing of information.

4, The graduate should have conducted at least one information retrieval
search from an electronic data base.

5. The graduate should have experience in the use of aword processor and
agraphics program for the generation of reports.

6. In the near future, the graduate should have experience with electronic
mail and external data bases.

7. The graduate should have an appreciation of the concepts of numerical
analysis, including convergence and stability.

8. The graduate should be familiar with the use of spreadsheets.

9. Most importantly, computing should be integrated throughout the cur-
riculum and more use should be made of open-ended problems.

The March 28, 1985 position paper was transmitted by letter of May 6, 1985 from Mah,
then President of CACHE, to Professor Bryce Andersen, then Chairman of the AIChE Educa-
tion and Accreditation Committee. Also, al chairs of chemical engineering departmentsin the
United States were sent a copy of the position paper and informed of the letter to Andersen by
another letter from Mah of May 16, 1985. Concurrent with the development of the CACHE po-
sition paper, the Chemical Engineering Department of the University of Texas at Austin com-
missioned a group of industrial leaders to recommend changes in chemical engineering
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education. Their report, which was sent to all chemical engineering departments in the United
States and is summarized in the October, 1985 issue of Chemical Engineering Progress, in-
cluded the following corroborative statement about computing:

“Educators must fully recognize the magjor position that the computer and pro-
fessionally written software play in the modern practice of the profession. The
computer should become the dominant calculational tool early in the curricu-
lum.”

The impact of CACHE and the University of Texas on computing in the undergraduate chem-
ical engineering curriculum may be judged by the following quote, which did not appear in the
early 1980s but does now appear, in the 1994-95 “ Criteria for Accrediting Programs in Engi-
neering in the United States’ of ABET in cooperation with the E & A (Education and Accred-
itation) Committee of AIChE:

“1V.C.3.g. Appropriate computer-based experience must beincluded in the pro-
gram of each student. Students must demonstrate knowledge of the application
and use of digital computation techniques for specific engineering problems.
The program should include, for example, the use of computers for technical
calculations, problem solving, data acquisition and processing, process control,
computer-assisted design, computer graphics, and other functions and applica-
tions appropriate to the engineering discipline. Access to computational facili-
ties must be sufficient to permit students and faculty to integrate computer work
into course work whenever appropriate throughout the academic program.”

The recommendations of CACHE for computing skills were amended at the December 1-
3 mesting in Leesberg, Virginiaand transmitted in aletter of December 20, 1988 from Seider
to John W. Prados of ABET. These recommendations now are included as an appendix to the
ABET accreditation materials distributed by the E & A Committee of AIChE to chemical en-
gineering program evaluators for accreditation.

To assist professors in making use of computing technology in under-graduate courses
other than design and control, the Curriculum Task Force, at the Woodlands, Texas meetingin
1985, proposed that CACHE publish a series of open-ended problems with an emphasis on
problem formulation and the seeking of a solution, rather than the development of a computer
program. In the Fall of 1987, CACHE published and distributed CACHE IBM PC Lessons for
Chemical Engineering Courses Other than Design and Control, with the following six lessons
in color graphics format prepared largely by students under the direction of the listed profes-
Sors:

“Slurry Flow in Channels’ - Denn

“Supercritical Fluid Extraction” - Seider

“Gas Absorption with Chemical Reaction” - Seinfeld

“Design of Flash Vessels and Distillation Towers’ - Finlayson
“Heterogeneous Reaction Kinetics’ - Fogler

“CSTR Dynamics and Stability” - David T. Allen
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At the November 14-16, 1985 meeting in St. Charles, Illinois, George Stephanopoul os,
who was re-elected as Trustee in December 1984 after his return from Greece, informed the
trustees that considerable progress had been made recently in artificial intelligence (Al) and
that important contributions could now be made in process engineering by knowledge-based
(or expert) systems. He proposed that CACHE introduce knowledge-based, computer-aided
tools into the mainstream of chemica engineering education. Accordingly, an Ad Hoc Com-
mittee on Expert Systems was formed with Stephanopoulos as Chair. At the November 6-8,
1986 meeting in Key West, the committee became the Expert Systems Task Force, with work
under way to publish case studies and monographs. Three volumes of case studies, written by
Venkat Venkatasubramanian who was elected Trustee on November 7, 1992, edited by Steph-
anopoulos, and entitled Knowledge-Based Systems in Process Engineering, were published
and distributed in the Fall of 1988. The volumes, which presented the following four subjects,
provided an excellent introduction to the subject of expert systems for chemical engineers:

1 A General Introduction to Knowledge-Based Systems.

2. CATDEX: An Expert System for Diagnosing a Fluidized Catalytic
Cracking Unit.

3. PASS An Expert System for Pump Selection.
4, CAPS An Expert System for Plastics Selection.

The next step taken by the Expert Systems Task Force was to prepare an in-depth series
of monographs covering all aspects of artificial intelligence as they might apply to chemical
engineering. James F. Davis, who had been elected Trustee on November 14, 1987, became a
co-editor of the volumes with Stephanopoulos. The first three volumes of the series, entitled
Artificial Intelligence in Process Systems Engineering, with the following titles, were pub-
lished and distributed in the Fall of 1990, followed by afourth volume in the Spring of 1994:

1 Knowledge-Based Systems in Process Engineering: An Overview by

Stephanopoulos.

2. Rule-Based Systems in Chemical Engineering by Davis and Murthy S.
Gandikota.

3. Knowledge Representationby LyleH. Ungar and Venkat V enkatasubra-
manian.

4, An Introduction to Object-Oriented Programming in Process Engineer -

ing by Ronald G. Forsythe, Jr., Suzanne E. Prickett, and Michael L.
Mavrovouniotis.

In addition, Stephanopoul os and Mavrovouniotiswere guest editors for aspecia Septem-
ber/October 1988 issue of Computers and Chemical Engineering, which featured 15 refereed
articles on research and development in artificial intelligence in chemical engineering and was
distributed with CACHE funds to all chemical engineering departments in the United States
and Canada.

At the July 23-24, 1993 meeting at Mt. Crested Butte, Colorado, the Expert Systems Task
Force reported that the case studies and monographs were attracting interest in Al, and process
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systems engineers were now beginning to come to a good appreciation of what Al could and
could not do. Al techniques, such as knowledge-based systems, heuristic search, neural net-
works, and object-oriented programming were being successfully integrated with applied
mathematics and operations research for process engineering applications. They proposed that
CACHE manage an international conference on intelligent systems in process engineering to
be held in 1995. The conference was approved by the CACHE Conferences Task Force.

Although E-mail is widely used and taken for granted today by chemical engineers, this
was not the casein 1983 when CACHE organized the Ad Hoc Committee on Communications
(E-mail) at the Williamsburg, Virginia meeting with Rony as Chair. Although E-mail, together
with TELNET to log on to aremote computer and FTP to transfer files between alocal and a
remote computer, had been available at universities viathe ARPANET national network, con-
ceived in 1968 and in service by 1971, these services had been used mainly by computer sci-
entists and other engineering professionals with government contracts. In CACHE News No.
19 of September 1984, Rony announced that in a one-year experiment, the committee would:
(1) gather information on existing networks, (2) coordinate an E-mail experiment with asmall
group of interested chemical engineers, (3) determine potential chemical engineering applica-
tions, and (4) determine whether a ChE E-mail service should be established.

At the March 28-29, 1985 meeting at The Woodlands, Texas, the ad hoc committee be-
came the Electronic Mail Task Force. In the April 1986 issue of CACHE News (No. 22), Rony
announced, in atwo-part article, some of the results of the CACHE national electronic mail ex-
periment. Despite much publicity, interest in E-mail among chemical engineers remained low
at that time. Although CACHE authorized 150 mailboxes on the COMPMAIL+ service, only
10-15 accounts were used actively. However, the use of E-mail to transfer files at arelatively
low cost was amply demonstrated by Rony, Editor of CAST Communications, who transmitted
by COMPMAIL+ the articles for the April 1985 issue to Associate Editor Wright, who super-
vised the final layout of the issue for printing. Some article files were also sent by COMP-
MAIL+ to Himmelblau for CACHE News.

By 1987, a number of wide-area networks had been established, including ARPANET,
CSNET, BITNET, USENET, and NSFNET. In particular, BITNET (Because It'sTime), which
had been established as afinancialy self-supporting network with no central administration or
paid staff by CUNY in 1981 to link university computers for inter-university communications
and with only 65 hosts, had, by 1985, reached 1,000 host computers. Besides E-mail, BITNET
offered other services including a bulletin board and file transfer. In the April 1986 issue of
CACHE News (No. 22), Rony recommended that chemical engineers use BITNET for E-mail.
In the Fall 1989 issue of CACHE News (No. 29), the Netlib system for distributing public do-
main mathematical software via electronic mail was announced. The index can be obtained by
sending the message Send Index to netlibl @epm.ornl.gov. In that sameissue and the following
one, Rony presented an extensive user’ s guide to electronic mail, including the Internet, which
had now become the major gateway for connecting networks. By January of 1994, 2,217,000
host computers were on the Internet. Today, almost all chemical engineersin academia, indus-
try, and government have E-mail addresses.

Thanks to the Internet, E-mail addresses are relatively simple, being of the general form:
username@machine.dept.inst.domain. For example, seader@uuserv.cc.utah.edu. A large list
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of E-mail addresses for chemical engineersis maintained on a gateway machine at the Univer-
sity of Texas at Austin by Rony, James B. Rawlings, and John W. Eaton. The list can be ob-
tained by sending the message Send Index to chelib@che.utexas.edu.

At the November 14-16, 1985 meeting in St. Charles, Illinois, an Ad Hoc Committee on
Simulated Laboratory Experiments was organized with Reklaitis as Chair. He told CACHE of
plans by Robert Squires and himself to pursue funding from industry and the NSF through
CACHE to prepare aseries of simulated process engineering laboratory/pilot plant experiments
with anindustrial process orientation for use by students at universitiesto fill an important gap
in their education. The approach would be for the student to solve a process engineering prob-
lem asif he/she werein industry. The student would: (1) view a video tape of an actual indus-
trial process showing the equipment and the control panel, along with adiscussion of operating
conditions and safety features, (2) be given a description of a process engineering problem for
asection of the processthat requiresasolution, (3) carry out some experimental work to obtain
necessary data, (4) carry out simulations with the data to solve the problem using both steady-
state and dynamic models, and (5) prepare areport with recommendations. A problem involv-
ing a new resid hydrotreater of Amoco was already formulated.

At the December 1-3, 1988 meeting at L eesberg, Virginia, the ad hoc committee was re-
placed by the Simulated Laboratory Modules Task Force and Reklaitis reported that NSF had
agreed to fund the development of five simulated laboratory modules over three years for
$270,000, with additional industrial support for the formulation of the problems from Amoco
(hydro-desulfurization), Dow Chemical (latex emulsion polymerization), Mobil (catalytic re-
forming), Air Products (process heat transfer), and Tennessee-Eastman (methyl acetate from
cod). On August 10, 1989 aworkshop for interested faculty was held at Purdue University on
use of the Amoco problem. By 1990, the Amoco, Dow, and Mobil modules were in beta-test,
and aworkshop for 23 faculty on the use of the modules was held at Purdue University on July
27-29, 1990. An article on the Amoco module appeared in the Spring 1991 issue of Chemical
Engineering Education. A third workshop for representatives from 34 departments was held
onJuly 26-28, 1991 at Purdue. By the Spring of 1993, the Amoco, Dow, Mobil, and Tennessee-
Eastman modules were ready for distribution by CACHE. All five modules are discussed by
Squires, P. K. Andersen, Reklaitis, S. Jayakumar, and D. S. Carmichael in an article entitled,
“Multimedia-Based Educational Applicationsof Computer Simulations of Chemical Engineer-
ing Processes,” which appeared in Computer Applications in Engineering Education, Vol. 1,
No. 1, pages 25-32, 1992.

At the St. Charles, Illinois meeting of November 1985, an Ad Hoc Committee on Labo-
ratory Applications of Microcomputers was formed with Mellichamp as Chair. With the ap-
proval of the Trustees, Mellichamp reported that he and Ali Cinar would prepare a survey of
the use of computers in undergraduate laboratory experiments. That survey, which resulted in
116 replies to a questionnaire from departmentsin 10 countries, was published by CACHE in
September 1986. From that survey, Cinar and Mellichamp selected 21 experiments and includ-
ed them in the CACHE publication, On-Line Computer Applications in the Undergraduate
Chemical Engineering Laboratory: A CACHE Anthology, which was published in June 1988.
Construction and instrumentation details are given for each experiment. The authors show how
a PC can be used to take the data, and analyze and display the results.



History of CACHE and its Evolution 49

By the mid-1980s, the use of steady-state process simulation was well established in un-
dergraduate education. However, a growing number of chemical engineers were becoming in-
volved in batch processing. GPSS (General Purpose Simulation System) had been created by
IBM in 1959 to solve such discrete-event simulation problems, by allowing the user to usetime
asthebasic variable, with varying parameters and process|ayouts. To assist chemical engineer-
ing educatorsin introducing students to discrete-event simulation, CACHE, in 1988, published
abook, written by Daniel J. Schultheisz and Jude T. Sommerfeld, entitled, Exercisesin Chem-
ical Engineering using GPSS, which included the educational version of the GPSS/PC program
and 18 solved problems, covering awide range of complexity from the unloading of oil tankers
to the batchwise manufacture of PV C.

Since 1975, CACHE has had a New Projects and Long-Range Planning Committee,
which from time-to-time has been requested by the CACHE Executive Committee to make rec-
ommendations. The first mgjor report was issued by the committee, with Seider as Chair, in
May 1984. Some major recommendations included the following: (1) consider projects other
than computer-related educational aids, (2) keep abreast with the latest changes in computing
and systemstechnology, (3) carefully consider new projects, (4) consider new means of financ-
ing activities and projects, and (5) find ways to help young faculty. At the March 5-6, 1988
meeting at New Orleans, Siirola became the first industria trustee elected to Vice-President,
and assumed the task of long-range planning. At the next meeting, in Leesberg, Virginia, he
led a soul-searching discussion, during which the following questions were raised: (1) Why
don’'t more faculty use CACHE products? (2) What new products are needed? and (3) How do
we achieve better feedback from our customers? At the July 1989 meeting at Showmass, Siiro-
laarranged for the first of two Future Planning Exercises, the first of which was led by David
Stump of Eastman Kodak, to consider the topics of suppliers, inputs, processes, outputs, and
customers. At the March 17-19, 1990 meeting at Orlando, Siirolabecame President of CACHE
and reported the results of the Future Planning Exercises, which were slightly modified and is-
sued in final form at the following meeting in Chicago. The accepted mission and vision state-
ments were:

“The mission of CACHE isto provide leadership and resource materias for ad-
vancing the use of computer-based methods and technology in chemical engi-
neering education and practice.”

“Thegoa of CACHE isto bethe recognized facilitator in theidentification, cre-
ation, distribution, understanding, and use of timely computer-based products
and services which have a substantial impact on undergraduate, graduate, and
postgraduate chemical engineering education.”

The key results of the exercises were the following goals:

1 Identify our customers and understand their needs.
Gain customer acceptance.
Identify existing or facilitate the development of superior products.
Facilitate thedistribution and understanding of our productsand services.
Recognize our limits and resources.

o 0 bk~ WD

Operate CACHE in afiscally sound manner.
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In 1974, Fogler published the text-book, The Elements of Chemical Kinetics and Reactor
Calculations, which included information on and stressed the importance of programmed
learning. In his subsequent 1986 book, Elements of Chemical Reaction Engineering, he further
elucidated that approach and illustrated it throughout the book. This led to an interest in how
to develop innovation in problem solving, with the concern that if we are to be economically
competitive, our engineers must be able to generate new ideas, processes, and products. In
1988, with the help of six undergraduate engineering students, he assembled a bookl et entitled,
A Focus on Devel oping Innovative Engineers, which formed the basis of an NSF proposal. The
booklet included an approach to teaching innovation and the application of the approach to a
large number of industrial problems.

At the December 1988 meeting at Leesberg, Virginia, CACHE organized the Innovative
Engineering Task Force chaired by Fogler, who announced that his University of Michigan
proposal to NSF, entitled A Focus on Developing Innovative Engineers, had been funded for
two years at $250,000, with a subcontract to CACHE of $26,000. With Susan M. Montgomery
as Project Manager, the project was extended to 1993, by which time (August), four sets of in-
teractive computer modules for PCs running MS-DOS were completed for distribution by
CACHE. These four sets, containing a total of 24 modules, were developed to enhance the
teaching of material and energy balances (5 modules), fluid mechanics and transport phenom-
ena (5 modules), separations (5 modules), and chemical reaction kinetics (9 modules). Some
of the modules include new technologies, while al utilize graphical animations and entertain-
ing motivators, whose design wasfacilitated by use of the QUEST authoring system. The mod-
ules are discussed by Fogler, Montgomery, and Robert P. Zipp in the article, “Interactive
Computer Modules for Undergraduate Chemical Engineering Instruction,” which appeared in
Computer Applicationsin Engineering Education, Vol. 1, No. 1, pages 11-24, 1992.

At the November 9-11, 1989 meeting at St. Helena, California, Finlayson announced that
he had received an NSF grant through the University of Washington with support for CACHE
assistance in a project for the development, testing, and evaluation of computer programs for
reactor design using state-of-the-art numerical methods on UNIX workstations running X-
Window. By 1994, the project was completed. Known as the Chemical Reactor Design Tool-
box, the program simulates batch reactors, CSTRs, plug-flow reactors, plug-flow reactors with
axia dispersion, and 2-D reactors with axial dispersion, including multiple reactions and het-
erogeneous reactions, with and without heat transfer and pressure drop.

Also at the St. Helena meeting, the Trustees were informed that Tektronix was marketing
anew computational chemistry system, advertised in the May 1, 1989 issue of C&EN under
the trade name CACHE. Concern was expressed about the use of the CACHE name and it was
decided to have a lawyer investigate what protection CACHE might have and whether the
name could be trademarked. At the November 1990 meeting in Chicago, Himmelblau reported
that Tektronix had agreed to pay CACHE $10,000 plus $1,000/year for three years as a settle-
ment. CACHE did attempt to register the CACHE trademark, but the application was rejected
because of previous related applications by other companies and the potential cost of litigation.

By the November 12-14, 1987 meeting at Southampton, Bermuda, the Large-Scale Sys-
tems Task Force, which had been chaired by Jeffrey J. Siirola since November 1984 (Siirola
had become an industrial Trustee at the Snowmass meeting in June 1983) announced that it was
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actively seeking software products in addition to FLOWTRAN. More and more, as PCs and
workstations were becoming more pervasive and capabl e, programs were migrating from main
frames to the smaller computers. Accordingly, at that meeting the name of the task force was
changed to the Process Engineering Task Force. H. Dennis Spriggs, who had been elected in-
dustrial Trustee at the Snowmass meeting while with Union Carbide, was then with Linnhoff-
March Process Integration Consultants, who had developed software for heat-exchanger net-
work synthesis. Spriggs informed the task force that one of their products, TARGET II, could
be made available to educators. This software was designed to determine the minimum utilities
and pinch temperatures for an exchanger network and produce composite and grand composite
plots with a graphical display. Following a favorable evaluation by the task force, Seader pre-
pared a user’s guide and distribution of TARGET |1 began in 1987.

The TARGET Il program did not actually synthesize a heat-exchanger network, but only
performed the targeting. At the Snowmass meeting in July, 1989, Edward M. Rosen, who had
been elected an industrial Trustee at the Snowmass meeting in August, 1977, and was appoint-
ed Chair of the Process Engineering Task Force at the Leesberg, Virginia meeting in Decem-
ber, 1988, announced that CACHE had received a favorable evaluation for an educational
program, called THEN (Teaching Heat Exchanger Networks), written by S. Pethe, R. Singh,
S. Bhargava, R. Dhoopar, and F. Carl Knopf. Thisprogram locates pinch temperatures and then
alows a student to use heuristics to develop a network using graphics. The program permits
stream splitting and identifies heat exchanger loops, as described in an article by Pethe, Singh,
and Knopf in Val. 13, No. 7 of Computers and Chemical Engineering, pages 859-860. Distri-
bution of THEN began in 1989.

The next software package that was offered to CACHE and received a favorable evalua-
tion by the Process Engineering Task Force was PIP (Process Invention Procedure), an inter-
active PC code, written under the supervision of James M. Douglas, for the synthesis of
petrochemical gas-liquid processes. Douglas had been elected Trustee at the 1988 Bermuda
meeting and in 1988 published an innovative textbook for a senior design course entitled Con-
ceptual Design of Chemical Processes. PIP became a CACHE product in the Fall of 1989. At
the November 14, 1990 CACHE Open House during the Chicago AIChE meeting, Douglas
gave adetailed description of PIP and itsusein design. Ever since CACHE wasfirst organized,
there was considerable interest in obtaining and distributing process synthesis software. With
TARGET |1, THEN, and PIP, CACHE now had three such products.

At the July 1989 meeting in Snowmass, Michael B. Cutlip, who was elected a Trustee in
November 1981, and Mordechai Shacham offered the POLYMATH software package to
CACHE for distribution. This was a commercial program that had been developed with athe
financial support of and marketed earlier by Control Data Corp. and had been in use at the Uni-
versity of Connecticut since 1983. The package included programs for curve fitting, solving
nonlinear systems of eguations, solving initial value problems in ordinary differential equa-
tions, linear and multiple regression, and manipulation of matrices. By the November 9-11,
1989 meeting at St. Helena, California, Rosen and Seader of the Process Engineering Task
Force had evaluated the POLYMATH program and, after some minor revisions, had found it
to be a very easy-to-use and useful program that should appeal greatly to undergraduate stu-
dents. Fogler, who was then President of CACHE had a so tested the package and, in awritten
“President’ s Perspective” of September 20, 1989 indicated that POLYMATH could be one of
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agrowing number of very user-friendly software packages that were beginning to cause a par-
adigm shift in teaching toward more complex and open-ended problem assignments. Because
of the growing number of undergraduate students who own their own PCs, Rosen developed a
novel method of distribution for POLY MATH that was discussed at the November 15-17, 1990
meeting at Chicago. A chemical engineering department would license POLYMATH for $125
thefirst year and $75 per year thereafter. For that fee, the package could be copied for use dur-
ing the year by any student or faculty member in the department. Thus, for the first time, a
CACHE product would be put into the hands of a student at no cost to the student. Distribution
of POLYMATH began in 1990, following a presentation on the package by Cutlip on Novem-
ber 11, 1990 at the AIChE meeting in Chicago and an article by Cutlip and Shacham that ap-
peared in the Fall 1990 issue (No. 31) of CACHE News. During the first year of availability,
POLYMATH was licensed by 75 departments. Version 3.0 of POLYMATH was described in
the Fall 1994 issue of CACHE News. Version 4.0 was released in the Summer of 1996.

At the November 15-17, 1990 meeting at Chicago, Ross Taylor and Harry Kooijman of -
fered CHEM SEP, a suite of PC programs for performing rigorous multicomponent multistage
separation process calculations, for license to universities by CACHE. In 1977, Fredenslund,
Gmehling, and Rasmussen had published a Newton-type code, coupled to the UNIFAC method
for determining activity coefficients, for solving such problems. By the end of the 1980s, that
type of method had been incorporated into most steady-state simulation programs. However, it
was believed that an easy-to-use stand-alone PC-program with a built-in property data bank for
about 200 components and awide variety of thermodynamic property models would appeal to
instructors and studentsfor use in a separations course, especialy if the program could produce
tables and McCabe-Thiele and triangular plots of results. As discussed in an article by Kooij-
man and Taylor in CACHE News No. 35 (Fall 1992), the CHEMSEP project was initiated in
February 1988 at the University of Technology in Delft, where thefirst version of the program
was used successfully with undergraduate and graduate students. In 1991, an extended version
2.0 was completed. That version was evaluated by Rosen and Seader and approved for license
by CACHE at the March 28-29, 1992 meeting in New Orleans. Following a detailed presenta-
tion on CHEM SEP by Taylor at the CACHE Open House on November 4, 1992 at the AIChE
meeting in Miami, distribution of the program began. By November 1994, the program had
been licensed by 40 departments. Version 3.0, which will include arate-based model, is sched-
uled for distribution in the near future.

At the November 21-23, 1991 meeting at Indian Wells, California, Rosen announced that
he had been approached by Douglas J. Cooper, who with his students had developed an inter-
active PC program called PICLES (Process I dentification and Control Laboratory Experiment
Simulator) that provided a student with “real-world” experience in the study of dynamics and
control. The program uses colorful graphics and alows the student to follow the action as de-
cisions are made, and includes models for tanks in series, a heat exchanger, and a distillation
column, with controller algorithmsranging from P-only to PID. Following an eval uation by the
Process Engineering Task Force and some program revisions, PICLES Version 3.1 was accept-
ed as a CACHE product for license to universitiesin the Fall of 1993. Cooper presented a de-
tailed description of the software at the CACHE Open House on November 10, 1993 at the St.
Louis AIChE meeting. Aswith POLYMATH, with a department license, the software can be
copied for use by students and faculty on their own computers. PICLES was described in issues
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37 and 38 of CACHE News. By the end of 1994, the program had been licensed by 25 depart-
ments. Version 4.0 is described in the Fall 1994 issue of CACHE News.

The CD-ROM (Compact-Disk Read-Only Memory) appeared on the market about eight
yearsago. Although abright future was predicted, particularly for the coupling of the CD-ROM
with graphics, sound, and animation to achieve the multimedia PC (MPC), the promise was
more than the reality, mainly because of alack of standards. That changed late in 1991, when
the Microsoft-endorsed MPC standard, 1SO (International Standards Organization) 9660, for
storing data was adopted. By March 1992, two MPCs and three multimedia upgrade kits were
on the market, but none of them rated an Editors' Choice by PC Magazine. By mid-1992, seven
companies were offering MPCs and seven different multimedia upgrade kits were available.
However, at $800 to $1,900, the price of the kits was high. Finally, by the end of 1994, CD-
ROMs and multimedia were here, with more than 5,000 CD-ROM titles, MPCs from almost
every PC vendor, and upgrade kits priced at less than $400. Today, anyone purchasing a PC
must give serious consideration to making it an MPC.

At the March 28-29, 1992 meeting at New Orleans, Cutlip became President of CACHE
and announced that CACHE would celebrate its 25th anniversary in 1994. He al so made acom-
pelling case for the use of CD-ROMSs for the distribution of CACHE products and documenta-
tion. On August 13, 1992 at the ASEE Summer School for Chemical Engineering Faculty at
Montana State University, Rony was appointed Chair of an Ad Hoc CD-ROM Task Force with
the objective of creating ademonstration CD-ROM disk. Rony’ suniversity, VirginiaTech., es-
tablished a multimedia lab on September 18, 1992 and by 1993 was distributing software to
students on CD-ROMSs. Rony published two articles on CD-ROM technology in the Fall 1993
and Spring 1994 issues of CACHE News. In the latter article, he called for contributions to a
25th Anniversary CACHE CD-ROM. More than 1000 copies of that CD-ROM were distribut-
ed to chemical engineering students, faculty, and practitioners at the November 13-18, 1994
meeting of the AIChE in San Francisco. The CD-ROM contains 42 Mb of Maclntosh filesand
636 Mb of Windows/DOS files, including Adobe Acrobat Reader for Windows, described in
the Spring 1994 issue of CACHE News, and several CACHE software products. The 3M Com-
pany produced the copies and donated most of the blank disks. Y et another CD-ROM was pre-
pared by Peter Rony during 1995; more than 1000 copies of this new CD-ROM were
distributed to students and faculty in the Spring of 1996.

On November 18, CACHE held a 25th Anniversary Dinner at the Silverado resort in Na-
pa, Californiafor former and current Trustees and their spouses. For that event, Seider prepared
aCACHE Time-Line that listed all of the significant events that had occurred during the first
25-years of the history of CACHE and displayed most of the CACHE products together with
photographs that had been taken at some of the CACHE meetings. The dinner was attended by
15 former CACHE Trustees. Thefirst 25 years of CACHE were over. Much had been accom-
plished by untold hours of donated time by CACHE Trustees and alarge number of interested
faculty members. To begin CACHE' s second quarter century, the Trustees thought it appropri-
ate to elect, as President, Warren D. Seider, who helped organize CACHE in 19609.



54 COMPUTERSIN CHEMICAL ENGINEERING EDUCATION

Appendix | — CACHE Officers

Chair:
Brice Carnahan
Warren D. Seider
Lawrence B. Evans
Brice Carnahan
Ernest J. Henley

President:
Robert E. C. Weaver
Duncan A. Méllichamp
David M. Himmelblau
Richard R. Hughes
Thomas F. Edgar
Richard S. H. Mah
Gintaris V. Reklaitis
H. Scott Fogler
Jeffrey J. Siirola
Michael B.Cutlip
Warren D. Seider
Lorenz T. Biegler

Vice Chair:
Lawrence B. Evans
Brice Carnahan
Ernest J. Henley
Robert E. C. Weaver

Vice President:
Duncan A. Méllichamp
David M. Himmelblau
Richard R. Hughes
Thomas F. Edgar
David M. Himmelblau
Richard S. H. Mah
Gintaris V. Reklaitis
H. Scott Fogler
Jeffrey J. Siirola
Michael B. Cutlip
Ignacio E. Grossmann
Lorenz T. Biegler
James F. Davis

1969-1971
1971-1973
1973-1974
1974-1975
1975-1976

1976-1977
1977-1978
1978-1980
1980-1981
1981-1984
1984-1986
1986-1988
1988-1990
1990-1992
1992-1994
1994-1996
1996-

1971-1973
1973-1974
1974-1975
1975-1976

1976-1977
1977-1978
1978-1980
1980-1981
1981-1982
1982-1984
1984-1986
1986-1988
1988-1990
1990-1992
1992-1994
1994-1996
1996-

Secretary:
Warren D. Seider 1969-1971
Arthur W. Westerberg  1971-1973
J. D. Seader 1973-1974

Robert E. C. Weaver  1974-1975
Duncan A. Mellichamp 1975-1976
RodolpheL. Motard ~ 1976-1978
Richard S. H. Mah 1978-1980
H. Scott Fogler 1980-1982
GintarisV. Reklaitis ~ 1982-1984
Edward M. Rosen 1984-1986
John C. Hale 1986-1988
Michael B. Cutlip 1988-1990
Lorenz T. Biegler 1990-1992
Yaman Arkun 1992-1994
James. F. Davis 1994-1996
Andrew N. Hrymak 1996-

Executive Officer:
Lawrence B. Evans 1974-1980
J. D. Seader 1980-1984
David M. Himmelblau 1984-
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Appendix Il — Former CACHE Trustees

Name of Former Trustee Affiliation at Time of Service Dates of Service

James H. Christensen University of Oklahoma 1969-1973
Eugene Elzy Oregon State University 1969-1973
Edward A. Grens University of California, Berkeley 1969-1973
Robert V. Jelinek Syracuse University 1969-1973
A. 1. Johnson University of Western Ontario 1969-1973
Matthew J. Reilly Carnegie-Mellon University 1969-1973
Imre Zwiebel Worcester Polytechnic Institute 1969-1973
Robert E. C. Weaver Tulane University 1969-1979
Arthur W. Westerburg University of Florida 1969-1981
Lawrence B. Evans Massachusetts I nstitute of Technology 1969-1984
Rodolphe L. Motard Washington University 1969-1984
Ernest J. Henley University of Houston 1969-1985
Richard R. Hughes University of Wisconsin 1969-1986
Paul T. Shannon Dartmouth College 1973-1974
Gary J. Powers Massachusetts I nstitute of Technology 1973-1977
Cecil L. Smith Louisiana State University 1973-1979
D. Grant Fisher University of Alberta 1975-1977
Ronad L. Klaus University of Pennsylvania 1975-1978
W. Fred Ramirez University of Colorado 1975-1979
Duncan A. Méellichamp University of California, Santa Barbara 1975-1987
Lewis J. Tichacek Shell 1977-1985
Theodore L. Leininger DuPont 1977-1980
James White University of Arizona 1978-1980
Bruce A. Finlayson University of Washington 1981-1992
John C. Hale E. |. DuPont de Nemours 1981-1995
William E. Schiesser Lehigh University 1982-1984
Irven H. Rinard Halcon 1982-1985
Morton M. Denn University of California, Berkeley 1982-1986
Stanley |. Sandler University of Delaware 1982-1987
John H. Seinfeld California Ingtitute of Technology 1983-1991
H. Dennis Spriggs Union Carbide 1984-1990
John J. Haydel Shell 1986-1991
Norman E. Rawson IBM 1986-1994
Yaman Arkun Georgia Ingtitute of Technology 1987-1995
James M. Douglas University of Massachusetts 1988-1990
Gary E. Blau Dow Elanco 1991-1995
CarlosE. Garcia Shell 1993-1995
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Appendix Il — CACHE Trustees as of June 1996

Name of Present Trustee

Brice Carnahan

J. D. Seader

Warren D. Seider
David M. Himmelblau
Richard S. H. Mah
Thomas F. Edgar

H. Scott Fogler
Edward M. Rosen
Joseph D. Wright
Manfred Morari
George Stephanopoul os
Gintaris V. Reklaitis
Peter R. Rony
Michael B. Cutlip
Ignacio Grossmann
Jeffrey J. Siirola
Lorenz T. Biegler
Michael F. Doherty
James F. Davis
Andrew N. Hrymak
Sangtae Kim

Jeffrey Kantor

Venkat Venkatasubramanian
Feran Kayihan

Ross Taylor

David Smith

Affiliation

University of Michigan
University of Utah
University of Pennsylvania
University of Texas
Northwestern University
University of Texas
University of Michigan
Monsanto Company

Xerox

CaliforniaIngtitute of Technology
Massachusetts Institute of Technology

Purdue University

Date Service Began

1969
1969
1969
1973
1975
1977
1977
1977
1977
1978
1978
1980

Virginia Polytechnic Institute and State University 1981

University of Connecticut
Carnegie-Mellon University
Eastman Chemical Company
Carnegie-Méllon University
University of Massachusetts
Ohio State University
McMaster University
University of Wisconsin
University of Notre Dame
Purdue University
Weyerhaeuser Corp.
Clarkson University

E. I. DuPont de Nemours

1982
1984
1984
1986
1987
1988
1991
1991
1993
1993
1994
1995
1995



