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ABSTRACT

The California Air Resources Board is attempting to improve its in-house
capability to evaluate cost analyses of candidate control measures and proposals
related to changes in pollutant emissions from petroleum refineries in
California. To improve its capability, the ARB is seeking a long-term economic
model of the California petrocleum refining industry which incorporates consumer
and producer impacts.

This report provides a descriptive and critical review of currently
available models which may be adaptable to the petroleum refining industry.
Included are a detailed description of relevant models, an assessment and
discussion of the relative merits and weaknesses of the various models, and a
description of possible adaptation and development procedures.
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I. INTRODUCTION

A. Statement_of the Problem

The California Air Resources Board (ARB) is attempting to evaluate the
impact of air quality regulations on California industry. A careful evaluation
needs to include:

Estimates of the Discharge of Deleterious Substances. Policymaking must
start with "baseline"™ estimates of emissions. However, "emissions"”
includes a wide variety of substances. While the ones of primary interest
in this study may be SO0x and NOx, the production of hydrocarbons, lead,
solid wastes and thermal pollution, among others, must also be considered.

Identification of the Many Alterpnative Modification Processes and Their
Interrelation. Once "baseline™ emission levels have been calculated,
options for changing the baseline may be considered. There are many
options available for pollution disposition. Pollutants may be
transformed, through techniques such as end-of-pipe treatment, changes in
the production process, add-on treatment methods, revised product quality
requirements, byproduct recovery and recirculation of residuals. They may
also be emitted to a variety of media (air, water, landfill). Often, the
various pollutants and discharge media are treated separately. Yet a
decrease in emissions of one pollutant or reduction in the use of a
particular disposal medium usually implies that more of another pollutant
is emitted or heavier use is made of an alternative disposal option.

Evaluyation of the Costs Associated with Each Technigue. Pollution
reduction costs can take several forms, many of which are neither obvious
nor monetary. Changes in costs to producers and consumers are only some of
the impacts; changes in the product mlx and local impacts upon employment
and income must also be consideréd. Often, there is little information on
what the various techniques cost and how.producers and consumers will
respond to new regulations. Yet without information on alternative options
it is extremely difficult to implement pollution control regulaticns
because threats of industry shutdowns or Significant cost increases will
split opinion.

[N

Petroleum refining is one of the. 1nQustr;es the ARB is analyzing, for a
number of reasons. Refineries are an important source of production,
employment, income and revenue in California... In 1984, nearly 20% of the
operable refineries in the United States were Tocated in California.l/
In that year, refineries in Petroleum Admlnlstﬂqtlon for Defense (PAD) District
V (which includes the states of Alaska, Arizona, Hawall, Nevada, Oregon and
Washington as well as Callfornla) produced more. than 15% of the motor gasoline
produced in the U.S., and represented nearly 17% of all U.S. refinery
production.2/ e LTI B

st

However, petroleum refineries. are, also major stationary sources of
pollution, particularly NOx and SOx. For example, a study of pollution
transport using 1977 data and a 50 x 50 mile grid within the South Coast Air
Basin noted that petroleum refining and production accounted for 144 of total
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and 16% of stationary source sulfur oxide emissions.3/ This is not the whole
story, since "Virtually all of the sulfur entering the air basin ... arrived ir
a barrel of crude 0il."4/ When refiners select crude oil quality and output
mix, they make indirect decisions about the quantity and types of emissions.
Refiners can also have direct effects, through techniques such as
desulfurization operations; yet additional desulfurization, like other pollution
control options, can increase costs for producers and consumers of the product.

Another reason for focusing upon the petroleum refinery industry is the
potential availability of information for evaluating changes in pollution
control policies. There is a relatively large amount of publicly available
technical and cost data on refinery processes and refinery pollution control
techniques. Futhermore, a number of models developed in the last twenty years
have been exercised on petroleum refineries. Some of these models have been
used by the industry itself, to improve refinery operations and to anticipate
future capacity needs; other models have been developed to assess national
energy and environmental issues.

If existing petroleum refining models and data are applicable to pollution
control issues in the state of California, they can greatly assist the ARB in
its evaluation of the effects of air quality regulations on California industry.
This report summarizes the existing models, and evaluates their use to the ARB.

As noted above, an economic evaluation of the alternatives for controlling
refinery emissions would require information on:

(1) emissions levels,

(2) how pollution control regulations affect refinery production decisions,
and

(3) how changes in refinery production affect product prices, sales, and
other economic variables.

There is not now a California-specific model which can generate information
on the latter two issues. However, there are a number of national and regional
models which may be applicable. While the emphasis of many of these models has
been upon energy policy, environmental attributes have been (or could be)
included.

_ The problem now is to determine whlch (1f any) of the existing petroleun
refining and production models are appllcable to the ARB need for an in-house
capability to evaluate alternative pollution control options.

To address the problem, this report:

- identifies available modeling resources,
.= presents the strengths and weaknesses of each model, and
- indicates how each model may be’ used by the ARB to meet its
regulatory needs.



B. Objectives of the Study
The specific research objectives of this project were to:'
(1) acquire literature on existing petroleum refining models;
(2) analyze existing models;
(3) indioete how the models meet ARB policy-making needs;

(4) identify modifications/steps necessary for the ARB to obtain a
petroleum refining model which satisfies ARB needs; and

(5) document these results.

C. Approach

To accomplish the research objectives, tasks reflecting each objective
were defined and completed. Each task is described below.

1. Task 1: Literature Search and Acquisition of Documentation

For the first task, existing models were identified and the availability of
documentation was assessed. Both published sources and personal contacts were
used to develop a list of models pertaining to the petroleum industry and to
petroleum refining.

2. Task 2: Description and Analysis of Existing Models

Existing models vary tremendously in their purpose, coverage, and degree of
detail, 1In Task 2, detailed information on each available model was acquired.
General characteristics of the model, as well as specific information on
equations and data requirements, were provided.

3. Task 3: Criteria Development

Which model will be most "appropriate®™ depends upon the purpose for which
it will be used. In Task 3 the criteria for ch0081ng among the models
identified in the previous two tasks were spe01f1ed A set of possible criteria
were developed and submitted to AlP Resources Board personnel for discussion,
prioritization, and approval ' b

4, Task U4: Recommendationsnhwﬂ‘u

Recommendations obv1oUsly depe ed‘upon the results obtained in previcus
tasks. If usable model(s) were ‘found’, thé necessary’ modlflcatlons and resource
requirements (e.g., time, effort, money, data development software
requirements, computer capacity) were to be indicated. If no suitable models
were found, the steps necessary to develop such mocdels, and the appropriate
resource requirements, were to be outlined.



5. Task 5: Final Report

A draft report reflecting the results of Tasks 1-4 was developed. After
review of the draft by the Air Resources Board, a final report incorporating
review comments was prepared.

D. Overview of the Report

Chapter II describes the literature search. The search included both a
formal search of published sources and telephone conversations with
organizations and individuals who may have been involved in relevant research.
Listings obtained through the formal literature review are summarized in Part I
of Appendix A. Summaries of the individuals and institutions engaged in economic
and petroleum refinery modeling are included in Appendix B. The summaries
contain the name of the organization, its location (city and state), and a brief
history of its experience (models and applications) in the area.

The material in Chapters III-V of this report follows a "two-tiered"
format. First, a brief description of models which are potentially applicable
is given in Chapter III. After the criteria for choosing among models are
enumerated in Chapter IV, those models which still appear to be applicable are
discussed in more detail in Chapter V. Conclusions and recommendations appear
in Chapter VI. '
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FOOTNOTES TO CHAPTER I

California had 39 of the 214 operating refineries, and 43 of the 247 total
refineries. See U,S. Energy Information Administration, Petroleum Supply

Annual: 1983. (Washington, DC: U.S. Government Printing Office, June 1984),
Refinery Table 1.

See Table 5 of Petroleum Supply Annual, op, cit. The data is based upon
Petroleum Administration for Defense (PAD) Districts. California is in PAD
Distriet V, along with the states of Washington, Oregon, Nevada, Arizona,
Alaska, and Hawaii., The other PAD V states have 14 operating refineries,

Total sulfur oxides emissions within the 50 by 50 mile grid (in short tons
per day of S02) were 429 tons. The petroleum refining and production
industry contributed 60 tons, while all stationary sources accounted for
371 tons. For more information, see Table 1a in Glen R, Cass, Robert W.
Hahn and Roger G, Noll, Implementing Tradable Emissions Permits for Sulfur
Oxides Emissions in the South Coast Aipr Basin, Final Report, Volume II
(Pasadena, CA: Caltech Environmental Quality Laboratory, June 30, 1982).

Cass, et al., op, ¢it.,, Volume II, p. 46.



II. EXISTING LITERATURE

Published sources and personal contacts were used to develop a list of
models pertaining to the petroleum industry and petroleum refining. Over a
hundred articles, papers, books and other documents were identified in the
search process. Many of these documents were not applicable to the current
study, and were eliminated after reviewing the document abstract or the document
itself. A formal search of published literature was completed first; references
in these documents, and personal contacts with individuals and organizations

having some experience in the field, supplemented the original number of
listings.

A. The Search Process

The formal literature search used the computer-based library capabilities
of the Dialog Information Services system (or "Dialog"), which is a subsidiary
of Lockheed Corporation. Dialog is the largest database collection currently
available. It offers access to over 200 databases, and the present collection
contains over 100 million records; these records include every book in the
Library of Congress, and citations to articles in 10,000 different journals.
Within the Dialog system, entries were pulled from several different databases,
including the National Technical Information Service (NTIS), Department of
Energy (DOE) Energy Database, Energyline, and Compendex. Several other
databases were also examined, but did not include relevant material. The
"search strategy™ (the order in which keywords are included so the search is
limited to applicable documents) can influence the number of documents cited.
Thus, several search strategies were utilized to obtain the references.

The Dialog search identified 104 documents to be considered. An initial
screening of the 104 document abstracts indicated that many would not be of
further relevance to the present study. Some of the articles merely described
new petroleum refinery technologies; several of the listings were only available
in a foreign language (9 were in Russian); z few documents appeared in more than
one database, or were separate references to individual volumes in a multi-
volume report; two listings in a "Work in Progress" database were halted before
the modeling effort was complete. The initial screening of abstracts eliminated
39 listings from further analysis. (A4 summary of the initial screening is shown
in the first part of Table II-1). »

The remaining 65 documents were ordered, received, and reviewed. During
this second "screening," additional documents were found to be inapplicable.
Some were brief news reports or simple technology-descriptions; in one case the
"refinery industry model™ that was described was developed for the aluminun
refining industry. As shown in Table II-1, this second screening further
reduced the number of relevant documents to 39 listings. These listings are
summarized in Part I of Appendix A. ‘
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TABLE II-1.,

I. Documents identified through
formal literature search

A.

First screening (of abstracts)
eliminated 39 documents:

1. Technology descriptions
2. Foreign language only
3. Duplicate listings

y, Research halted

Second screening (of documents)
eliminated 26 more listings:

IT. Documents identified through
citations and personal contacts

TOTAL DOCUMENTS LISTED.IN
APPENDIX A

PUBLISHED INFORMATION ON ECONOMIC MODELS OF PETROLEUM REFINING

104

15

10

12

—2 39
65
26
39
21
60




The listings shown in Part I of Appendix A indicate some of the
‘difficulties associated with reliance upcn published sources:

- Many sources are out-of-date. This 1s particularly true for
information on sponsors: the Department of Energy (DOE) is constantly
being reorganized; the Texas Energy and Natural Resources Advisory
Council (TENRAC) has disbanded; the NSF Research Applied to National
Needs (RANN) Program no longer exists. Tracking down further
information on models developed by these organizations can be very
difficult.

- Knowledgable individuals have moved elsewhere. For example, much work
in this area was done at the University of Texas; James Calloway is no
longer there, and Russell Thompson operates primarily through a
private company {(OPCON). The individuals in charge of energy research
at the National Science Foundation are now housed in the Division of
Policy Research and Analysis and the Economics Division. Thus, even
if an organization still exists, the individuals most familiar with
the research, assumptions, and models may not be present.

- Important models are not included. For example, the Department of
Energy has recently completed a model of U.S. petroleum refining
(REMS). Because of cataloging lags and omissions of working papers,
much literature could be missed unless other approaches are used to
obtain information on current research in the area.

Thus, the formal literature search was supplemented in several ways. The
articles cited in the formal search, and the references appended to each
article, provided an initial 1list of organizations and individuals to contact.
The Principal Investigator was also familiar with many individuals involved in
this area of research, and included these in the list of perscnal caontacts.

The list of organizations which were contacted is shown in Table II-2. The
list is a mixture of sponsors and grantees. For example, the Electric Power
Research Institute sponsored much of the work at the Energy Modeling Forum, and
Oak Ridge National Laboratory work was funded by the Department of Energy. This
"repeat questioning™ reduces the probability of missing any existing work that
may be applicable to the study. ‘

Through personal contacts and references cited in previously acquired
documents, an additional 21 listings were added to the 39 documents already
under consideration via the literature search. The additional 21 listings are
summarized in Part II of Appendix A.

B. Families of Literature

The sixty references cited in Appendix A are not all independent studies of
the refining industry. Many of the documents can be grouped together by
performing organization, by a source of funds, or by interactions among
individuals (e.g., a thesis advisor and student). Before continuing on to
analyze distinct models, it will be useful to see how many "family trees" are
involved. The geneaology is illustrated in Table II-3.



TABLE II-2. LIST OF ORGANIZATIONS CONTACTED

In Washington DC:
American Petroleum Institute (API)
Department of Energy (DOE)

Economic Regulatory Administration. Office of Special Counsel (03C)
Energy Information Administration (EIA)

Department of Transportation (DOT). Office of the Assistant Secretary for
Policy, Plans, and International Affairs (OASPPI)

Environmental Protection Agency (EPA)

National Aeronautics and Sﬁace Administration (NASA)
National Oceanic and Atmospheric Administration (NOAA)
National Petroleum Refiners Association (NPRA)
National Science Foundation (NSF)

Division of Policy Research and Analysis (PRA)
Division of Social and Economic Science (SES)

Resources for the Future (RfF)

Sobotka and Company, Inc.

In California:

California Energy Commission (CEC)
Electric Power Research Institute (EPR;);
Energy Modelling Forum (EMF)
Environmental Quality Laboratory (EQL)
Lawrence Berkeley Laboratory (LBL)

Robert Brown Associates

Southern California Edison (SCE)

Systems Science and Software (S3)



TABLE II-2. LIST OF ORGANIZATIONS CONTACTED
(cont'd)
Maryliand:
Department of Economic and Community Development
Massachusetts:

Arthur D. Little, Inc. (ADL)
Data Resources, Inc. (DRI)

New Jersey:
MathTech

Rhode Island:

University of Rhode Island
Missouri:

University of Missouri - Rolla/Department of Natural Resources (UMR-DNR)
Tennessee:

Oak Ridge National Laboratory (ORNL)
Texas;

Bonner and Moore Associates, Inc.

OPCON

PACE Company Consultants and Engineers

Texas Air Control Board

Texas Public Utilities Commission

Turner Mason Associates

University of Houston
University of Texas at Austin

Washington:

Pacific Northwest Regional Commission

Qther:

International Institute for Applied Systems Analysis (IIASA)

University of London

10
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TABLE II-3. FAMILIES OF DOCUMENTS

Resources for the Future

Howe et al. (1971)
Russell (1973)

Rice (1976)
Rice and Smith (1977)

The University of Houston

Calloway et al. (1976)
Thompson et al. (1976)
Thompson et al. (1978)

Texas Energy and Natural Resources Advisory Council (TENRAC)

Center for Energy Studies, University of Texas at Austin:
Kendrick et al. (1981)
Suh (1982)
Langston (1983a)
Langston (1983b)

Texas Air Control Board:
Texas Mid Continent 0il and Gas Association (1974)
Stewart (1975)

Arthur D, Little, Ingc,

(1976a)
. (1976b)
. (1976¢c)
et al. (1976a)
et al. (1976b)

Godley
Godley
Godley
Kittrell
Kittrell

|D3
—

@ |® |®
(sl (xall (ed
p [
— [

Bonner and Moore

Bonner and Moore Associates, Inc. (1974)

Bonner and Moore Management Science, Ine. (1983)
Bonner and Moore Management Science, Inc. (no date)
Bryant (1981)

Dickson et al. (1982)
Dickson et al. (1983)
Moore (1983)

Tukenmez et al. (1978)

el
Tt
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TABLE II-3. FAMILIES OF DOCUMENTS
(continued)

Turner Mason Associates

McGregor (1980)

The Pace Company Consultants and Engineers

The Pace Company Consultants and Engineers (1974)
McGregor (1980)

Other Proprietary LP Models

Jones et al. (1981) -- Gulf
Hoot (1974) —-- M. W. Kellogg
O'Hara et al. (1981) -- Parsons

The Department of Energy —-- REMS

The Department of Energy, Energy Information Administration (1984a)
The Department of Energy, Energy Information Administration (1984b)

U.S. Environmental Protection Agency (1984)
Schwartz et al. (1984)

Econometric Modeling Efforts

Ford Foundation/DRI/Harvard:
Data Resources, Inc. (198%4)
Hudson and Jorgenson (1976)
Kennedy (1676)

Verleger and Sheehan (1976)

Wharton/Penn:
Griffin (1972)
Adams and Griffin (1975)

Others:
Chou (1977)
Lakhani (1975)
Pagoulatos (1977)
Rollins (1978)
Wilkins (1978)
Wilkinson (1974)

12



TABLE II=3. FAMiLIES OF DOCUMENTS
(continued)

EPRI/EMF

Sweeney (1979)
Sweeney (1983)

International Models

Babusiaux and Valais (1980)
Babusiaux et al. (1983)
Deam et al. (1973)

- Readin Discussions/Comparisons

Linear Programming:
Lasdon and Waren (1980)
Levine (1974)
McCall (1974)
Michalski (1983)

Model Comparisons (International):
Beaujean (1978)

Petroleum Industry, Petroleum Refining:
Banks (1983)
Jacoby (1978)
Niemeyer (1978)

Pollution Control, Regulations: ’

Conser (1972)
Gamse and Speyer (1974)

13



Some of the earliest policy studies of petroleum refining were undertaken
at Resources for the Future (RfF). The National Water Commission asked RfF to
evaluate future water supply and demand patterns. As part of the study, three
industries were analyzed in detail: thermal electric power, beet sugar refining,
and petroleum refining. The water study was summarized in Howe (1971), and work
with the petroleum refining model was ccntinued by Russell (1973). In a
separate effort, another RfF employee -- V. Kerry Smith -- would serve as a
thesis advisor for Patricia Rice. This collaboration resulted in a dissertation
and a journal article which used the petroleum refining industry as a case
study.

The Russell model of petroleum refining was updated and used in a multi-
year study conducted at the University of Houston. The university received a
large Research Applied to National Needs (RANN) grant from the National Science
Foundation to evaluate the costs heavy industry would incur in meeting the
guidelines of the 1972 Water Law (P.L. 92-500). RANN funding allowed the
university to build a set of integrated industry models of the U.S. economy.
Versions of these models are kept current and used by Dr. Russell Thompson, who
was a Principal Investigator in the RANN study and is now president of a small
operations research firm (OPCON) in the Houston area.

The RANN program also funded a number of other efforts. One was co-funded
with the Texas Governor's Energy Advisory Council, later known as the Texas
Energy and Natural Resources Advisory Council (TENRAC). Since Texas was a major
- producer of refined petroleum products, energy and environmental legislation
would have profound implications for the Texas economy. A number of studies
were commissioned by TENRAC at the Center for Energy Studies at the University
of Texas at Austin. Efforts by Kendrick et al. (1981), Suh (1982), and Langston
(1983a, 1983b) were some of the results in the area of petroleum refining.
TENRAC funding was also used by the Texas Air Control Board, and produced two
studies of relevance to the current project.

Another body of work was being funded by the Environmental Protection
Agency (EPA) at approximately the same time. A large grant went to Arthur D.
Little, Inc. to mathematically model the petroleum refinery industry and to
predict the impacts of several pending and proposed policy changes regarding
gasoline., Five studies were direct results of this effort. Furthermore,
individuals associated with the ADL effort would move on to private modeling
firms, and continue the development and spread of refining industry models.

Long before the public interest in petroleum refining models, private firms
had been using linear programming (LP)mbdels of refining plants to optimize
process outputs and cost. Several proprletary models were developed and used
repeatedly for energy decisions. Some of the’ more widely known LP firms include
Bonner and Moore, Turner Mason and A33001ates, "Pace Consultants, and Sobotka.
Models developed by these firms have been used in a number of applications by
public agencies as well as private’ companles, reports resulting from these
applications are listed (by performing Qompany)vln Table II-2. An effort which
was Jointly funded by the National Aerénauticsjand'Space Administration and the
Department of Energy, looked at the refinery impacts of advanced energy sources.
The refinery models available at Gulf -- Jones et al. (1981) -- and at Parsons
-~ O'Hara et al. (1981) -~ were exercised in the NASA/DCE study.

The Department of Energy recently constructed a model of the petroleun
refinery industry based upon the Turner-Mason and Bonner-Moore models: this

14
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model (REMS) has been used by DOE and by EPA. The four documents resulting from
this effort are also listed in Table II-3.

Relatively large amounts of funding were also going to economic and
econometric modeling efforts in the early 1970's. Table II-3 indicates two
large families of econometric models that were being developed at the time. One
family of models received its impetus from Ford Foundation Energy Policy Project
noney, and was closely asscciated with Data Resources, Inc., Harvard University
and MIT. Another family of models used the Wharton forecasting model (rather
than DRI) and was centered at the University of Pennsylvania. Both,
incidentally, used versions of the Bonner and Moore refinery models in their
studies., There were six other econometric studies of interest to the current
research project, but they were only tangentially related to each other. For
example, Wilkinson received advice from Adams on his dissertation, and both Chou
and Kennedy used Takayama's spatial equilibrium model.

Two other relatively independent efforts are also included in the documents
in Appendix A. One effort was funded by the Electric Power Research Institute,
and carried out at the Energy Modeling Forum (EMF) at Stanford University. Two
EMF documents by Sweeney are of interest. Another modeling effort was being
undertaken internationally; three reports (Babusiaux and Valais, Babusiaux et
al., and Deam et al.) are relevant from that literature.

Besides documents on specific models and their applications, Appendix A
also contains a number of background documents relevant to the present study.
Four papers describe progress and trends in the use of linear programming models
for refinery management. Lasdon and Waren (1980) is a survey of uses of LP
techniques, Michalski (1983) discusses some recent LP applications, Levine
(1974) describes some new techniques that may be used in LP models, and McCall
(1974) discusses the Exxon experience with LP models. Other topics included in
the literature are descriptions of the refining process, comparisons of various
energy models, and an overview of SOx emissions regulations and techniques.

C. Related Readings

This study covers a wide range of topics. Econometric modeling, petroleum
refining technologies, statistical comparisons, linear programming techniques,
and computer capabilities are just a few of the topics touched upon. Solutions
to environmental issues must draw upon a number of technical and policy
backgrounds, and no single individual is usually "fluent" in all the necessary
concepts. Since the discussion which follows draws upon so many areas of study
(and occasionally lapses into the Jargon from those disciplines), this section
provides a Iist of readings in the varlous toplc areas which may be used by an
interested reader who is unfamlllar w1th SpGlelC concepts.

Petroleum Reflnlng. Reflnerles use anwlmmense variety of equipment to
process petroleum and remove unwanted reslduéls. An excellent overview of the
kinds of processes used to reflne pe;roleum and reduce emissions is contained in
Chapters 3 and 4 of Russell . (1973) A more detalled although somewhat dated,
description of the various optlons 1s avallable in Stephens and Spencer (1956).

Linear Programming. Refining is actually a composite of several different
steps; which steps are used depends upon input costs and qualities, output
prices, existing and expected regulations, and a host of other considerations.
A mathematical technique which has been used to find the "best" solution to the
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many input, processing and technical considerations is known as linear
programming. A definitive description of LP techniques is available in Gale
(1960). Examples of LP applications to petroleum modeling and economic
decision-making may be found in Lasdon and Waren (1980).

Statistical Concepts and Econometric Techniques. Comparisons among
petroleum refining models will be based upon a number of measures of "accuracy"
and "performance." (e.g., mean absolute percentage error, Theil's U, etc.).
How the authors of various models handled the problems that appeared in the
nodeling process (e.g., autocorrelation, biased estimates) and the estimation
.techniques used (e.g., Ordinary Least Squares, Instrumental Variables, etc.) are
also important considerations. Descriptions of the statistical concepts, and of
the estimation techniques and problems, are contained in Theil (1978).

Computer Terms. The merits of a specific model are also dependent upon the
computer hardware and software available to the user. Many of the models cannot
be run on a small system (a "micro®™), and all will require different amounts cf
calculation effort ("CPU time"), supporting equipment, and data. An excellent
guide to the concepts associated with computer hardware and software is Sippl
and Sippl (1980). Besides including a dictionary of computer terms and a
glossary of acronyms, it alsoc includes encyclopedia-like discussions of computer
languages, data base management systems, operations research concepts, and a
number of other pertinent issues.

D. The Next Step

Previous sections have identified sixty references of interest to this
study, and have noted that the references are not all independent, but may be
combined into "families™ of literature. If the references are grouped into
related modeling efforts, twenty-seven separate models can be identified. These
models are listed in alphabetical order in Table II-4. Resources for the Future
is responsible for two models: the RfF model, and the Rice/Smith model. TENRAC
efforts also resulted in two models -- one by the University of Texas at Austin,
and one by the Texas Air Control Board. Three other models can be derived from
the listings on the first page of Table II-3: the University of Houston, Arthur
D. Little, and Bonner and Moore models. The second page of Table II-3 contains
five proprietary LP models -- Turner-Mason, Pace, Gulf, Kellogg and Parsons --
and a publicly available one (REMS). The Ford Foundation efforts resulted in
four models of interest (DRI, Hudson/Jorgenson, Kennedy and Verleger/Sheehan)
and the Wharton work produced one (Adams/Griffin). The other six econometric
models (Chou, Lakhani, Pagoulatos, Rollins, Wilkins and Wilkinson) are each
included separately. Work at Stanford produced one model of interest (Sweeney),
and the international work has produced two (the French models, and the
University of London model).

In the next chapter, these twenty-seven models are described in detail.

The characteristics of interest to the Air Resources Board are summarized, so
that comparisons among the models may be made in later chapters.
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TABLE II-4, LIST OF CANDIDATE MODELS

The Adams/Griffin Model

The Arthur D. Little (ADL) Model

The Chou Model

The Data Resources, Incorporated (DRI) Model
The French Models

The Gulf Model

The Hudson/Jorgenson Model
The Kellogg Model

The Kennedy Model

The Lakhani Model

The Pace LP Modeling System (PMS)
The Pagoulatos Model

' The Parsons Model

REMS ~- The Refinery Evaluation Modeling System
RPMS -- The Refinery and Petrochemical Modeling System

The Resources for the Future (RfF) / Russell Model
The Rice/Smith Model

The Rollins Model

The Sweeney Model

Texas Air Control Board Model

The Turner-Mason-Solomon (TMS) Model
The University of Houston Model

The University of Texas at Austin Model
The University of London Model

The Verleger/Sheehan Model

The Wilkins Model
The Wilkinson Model -
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III. EXISTING MCDELS OF PETROLEUM REFINING

This section of the report describes models which may be used to evaluate
economic impacts of pollution regulations on the petroleum refining industry.
Before going into detailed descriptions of pertinent models, however, it will be
useful to indicate the alternative approaches for evaluating pollution impacts
on an industry.

A, Alternative Approaches for Measuring Pollution Impacts

If the ARB is trying to determine how their decisions affect trends in
industry and the California economy, there are a number of approaches which may
be used. The two main alternatives are top-down (also known as ™macro" models)
and bottom-up, or "micro," options. Within each category, there are two
possibilities; each of the four possible approaches is discussed below.

The two top-down approaches (also known as macro approaches) are input-
output analyses and satellite models. Satellite models (also called spin-off,
or generation coefficient models) are by far the easiest and cheapest to use.
The generation of residuals is directly tied to particular industrial activities
-— sales, employment, or some other input or output -- and predicted levels of
pollution follow the patterns of industrial activity. The Texas Air Control
Board used this approach when it tried to estimate the impact of various energy
growth patterns on air quality in the state of Texas. Data on Texas refinery
capacity, emissions, and fuel usage were available for 1972, and were used to
develop baseline estimates of emissions which were directly tied to refinery
capacity and fuel usage. Projections of future growth in capacity and changes
in fuel mix and capacity utilization were made, based upon discussions with the
various refiners and forecasts of regulatory restrictions. These capacity and
fuel use projections were then compared with actual 1972 data to obtain
emissions estimates for 1985 and 2000. The report by Stewart (1975) contains
more information on the study.

The other top-down approach uses input-output (I-0, or interindustry)
analysis to estimate how a change in output in any particular sector changes
output in all other sectors. This I-O0 analysis requires information on
transactions between every industry in the economy; all producing and consuming
sectors must be included in the input-output database, even if several sectors
have to be lumped together. Petroleum refining would be only one small portion
of an I-0 analysis. This interindustry transaction information is used to
develop I-0 coefficients, which indicate how an industry is affected by changes
in another industry. If the I-0 coefficients are assumed to be stable over time
(a dubious assumption, as indicated‘below),'then the coefficients can be used to
determine how alternative policy decisions might affect various industries and
sectors of the economy. An example of such an approach is provided by Wilkins
(1978) in his study of the Pacific Northwést region (Washington, Oregon, and
Idaho). Wilkins attempted to determine how energy policies affected regional
production, employment, consumption, exports, and imports. Another example of
the interindustry approach, as well as a brief overview of input-output
analysis, is contained in Hudson and Jorgenson (1976).

The main problem with the two top-down techniques is that they must assume
background factors do not change. Fixed coefficients -- whether they are for
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simple "scale up" models such as the one used by the Texas Air Control Board, or
for large and complex input-output models -- cannot account for variations in
future technical/environmental/economic conditions, nor are they flexible enough
toc allow for an array of policy options. But this is exactly the kind of
information a public agency such as the ARB would be seeking. If top-down (or
satellite, or macro, or interindustry, or I-0) analyses are not adequate for
policy-making purposes, then the alternative opt