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EIA Perspective

7

This contractor report was prepared by Logistics Management
Institute and provides documentation of the version of the
Project Independence Evaluation System (PIES) as it existed
on January 1, 1978. Since that date, PIES has evolved into
what is now called the Mid Range Energy Market Model (MEMM) ,
a major component of the Mid Range Energy Forecasting System
(MEFS). Major structural changes that have occurred between
January 1, 1978 and January 1, 1979, are documented in the
supplemental volume entitled, "Revisions to the Midterm
Energy Market Model Relating to Natural Gas Regulation,
Advanced Technologies, Coal Demand and Dynamics." Together,
the six volume set of documentation, plus the supplemental
volume on revisions, form the most comprehensive and up-to-
date version of MEMM documentation currently available,
documentation which significantly surpasses in both form and
content the single volume published in January, 1977.

Although this documentation has not gone through the appro-
priate review process and clearance procedures to be published
as an EIA endorsed report, it is currently being made available
in its present form as an interim measure to satisfy many
outstanding requests for MEMM documentation. As this report
has not been submitted to comprehensfve review, EIA does not
endorse any information contained herein. The documenta-

tion is presently being subjected to comprehensive review

both inside and outside the Department of Energy. A contract
is currently in process’ to update it to the version used for
the 1978 Annual Report to Congress (published in July 1979).
This new version of the documentation report is intended to
bring the MEMM documentation into conformity with EIA's
documentation standards and to respond to any issues raised

as a result of the review process. The results of the

latter effort will result in a set of MEMM documentation

fully cleared and endorsed by EIA, available in 1980.



PREFACE

This documentation describes the Project Independence Evaluation éystem (PIES)

Integrating Model as it existed on Janu‘ary 1, 1978. The complete documentation consists

of six volumes describing the various aspects of the Integrating Model as follows:

Volume I is an executive summary, providing a simple, nontechnical overview of
PIES.

Volume II is a primer, describing and illustrating the basic inputs to the PIES
algorithm.

Volume III is a ‘user's guide, describing scenario specification and the operational

. procedures for running the Integrating Model,

Volume 1V is the main model documehtation,'de§cribing the theoretical basis of
the Integrating Model and each of the supply submodels.

Volume V is code documentation, describing the data processing aspects of PIES:
the data flow through the PIES programs, the functions performed by each
program, the data inputs and outputs, and the PIES naming conventions.

Volume VI is data documentation, containing the standard table data used for the
Administrator's Report at the beginnin of 1978, along with primary data sources
and the office responsible. It also contains a copy of a PIES Integrating Model
Report with a description of its contents. ‘ ‘

The data and scenarios used in these volumes are those used in the 1977 Annual

Report to Congress, (actually published in 1978), prepared by the Energy Information

Administration. In all volumes, we refer to this report as the Administrator's Annual

Report (AAR).

‘i

This report is Volume I of a six-volume series documenting the Integrating Model of

the Project Independence Evaluation System (PIES).\ It offers a review of entire PIES

system, including the basic components of the Integrating Model, which are described in:

detail in Volume IV of this series. In particular, this volume addressed the problem that

PIES solves, and the major features and applications of PIES.

il
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I. THE PIES FORECASTING METHOD

DEFINITION OF THE PIES PROBLEM

PIES is a national energy forecasting system used by the Department of Energy's
Energy Information Administration to provide"alter_'native forecasts of energy priceé,
supplies, démands and conversion activities. It is also an analytical tool that can be used
to examine the potential impact of changes in Federal policies, by the specification of

\ alternate scenarios. "
In a broad sense, PIES addresses the following queétions:

- What will U.S. energy requirements be in the next 5 to 20 years?

- What mix of fuels will satisfy these requirements and what will
be their market prices?

- In which geographic regions will these fuels be extracted (or
imported), and where and how will they be converted from raw
fuels to refined petroleum products or electricity?

- How will they be distributed throughout the country?

- What types and capacities of new energy-related facilities (e.g.,
mines, refineries, electric generating plants) will be required to
satisfy energy demands?

Thus, PIES provides, for selected years (currently 1985, 1990 and 1995) forecasts of
both national and regional market equilibrium levels and prices for major fuels and
thereby predicts fuel import levels and patterns of activity in each of the major energy
industries including electric utilities, oil and gas producers and the refining industry.

Underlying PIES' national or regional forecasts, there is considerable information
about the ways in which energy will be supplied. For example, aggregate coal supply in

the PIES system is composed of 11 different types of coal,1 mined in up to 102 different

types of mines in 12 different geographic regions.

Ipifferentiated by Btu and zulfur content.

I-1



PIES can be used to examine both differing resource and technological option as-
sumptions (e.g., high versus low discovery rates for oil and gas), and the comparative
impacts of differing political, tax, and regulatory environments. To do this, scenarios are
specified, which reflect the appropriate world oil price and tax and regulatory conditions,
as well as other parameters. Thus, PIES contains both a data base-and a modeling
structure that offers a wide range of assumptions; these assumptions can be analyzed and
compared for their policy indications through the selection of scenario variables.

The PIES framework consists of three major components: a Demand Model; a supply
neétwork; and an equilibrating mechahism, which balalnees supply and demand to achieve a
multiproduet, multiregion equilibrium. The relationship between these components is
depicted in Figure 1.

The Demand Model is an econometric representation of the U.S. economy, which
estimates consumer demands for fuels and energy as functions of prices. Demand is
governed by the general level of economic activity value added in manufacturing,
demographic trends, the nature and extent of cons:ervation programs, and .by other
demand-related scenario assumptions. Demands are calculated in PIES for refined
petroleum produects, natural gas, coal, and electricity, in each of the 10 DOE regions, and
in the major consuming sectors - residential, commercial, induStrial, transportation, and
raw material. \ | |

The PIES supply network is a detailed, representation of the U.S. Energy Resource
System, composed of production, conversion, and transportation activities. This
integrated supply network can be viewed as a set of energy sources that are called upon to
satisfy demands. A simplified flow of fuels from production (or input) through conversion
" (refineries or electric utilities) to points of demand is depicted in Figure 2.

In establishing the supply representation, a set of satellite models is used to

represent the supply (either production or import) of each of the major raw materials, i.e.,
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FIGURE 2

SIMPLIFIED FLOW OF MATERIALS IN THE PIES
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\

coal, oil, natural gas, nuclear fuel, shale oil, synthetics, ete. The satellite modelsiare
built to simulate the response of the specifie industries to price changes. The supply
representation also includes process models to represent U.S. refineries, electric utilities,
and synthetic fuel plan,ts, all of which convert raw materials into consumable forms of
energy, i.e., refined fuel products or electricity. The satellite models are depicted in
Figure 3. |

The various sectors of PIES are linked by means of a distribution network that
repfesents the movement of raw materials or produets from the points of production,
import, or conversion to where they- are converted or consumed. The levels of
consumption are derived from the Demand Model.

The method by which the equilibrating mechanism integrates these subply and
demand components is discussed under the heading"Solutien Procedure', below.

,ECONOMIC ASSUMPTIONS

The major economic assumptions implicit in. the PIES model structure are:

- Market equilibEium conditions govern the purchase ‘prices and
quantities of fuels in such a way that the sum' of consumers' and
producers' surplus is maximized across all regions and all energy
industry sectors, subject to the constrained market - condition
introduced by government regulation, etec.

- Consumers are prepared to substitute fuels for each other based on
their relative prices.

- Suppliers regard the marginal cost of supply as a minimum acceptable
sellers price. .

- The rate of construction of new fac111t1es between the present and
the PIES target years is linear.

- No resource constraints exist other than those for fuels (i.e., .no
restrictions exist on the avallablhty of capital, manpower, cooling
water, steel, concrete, ete.).

- Products are purchased and investments made on the basis of the
marginal prices of the products, except for electricity, which is sold
at an average cost price, natural gas which is priced on a-rolled in
basis and oil which is subject to entitlements.

I-5
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SOLUTION PROCEDURE

Underlying PIES is the assumption that, subject to the constraints imposed by
Government policies, pafticipants in the economy (i.e., consumers and suppliers) act in
their own self-interest. It is assumed that consumers are rational and maximize their
benefits, and that producers acting in this fashion maximize profits. With this
assumption, demand will be greater with decreésing price, and supply will be gregter with)
increasing price. Thus, the supply and demand functions are of the general form depicted

¢

in Figure 4.

FIGURE 4
TYPICAL SUPPLY AND DEMAND CURVES

)
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Consequently, the market equilibrium for fuels occurs where the supply and demand
functions intersect. This occurs (in PIES) when fuels are purchased in a cost-conscious

! |
fashion by consumers, who, over time, substitute fuels for each other on the basis of their
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relative price changes and when industry operates so as to maximize its return across the
entire national energy sectors. Because perfect market conditions do not exist in the real
world, this clearly is an approximation to real world conditions. Thus, an equilibrium
determined by PIES represents a solution to the overall problem of energy supply and
demand in a partially regulated mafket.

Although the Demand Models provide estimates of consumer responses to prices for
the forecast years, these quantities have not been matched to the quantities suppliers will
produce when acting in their own self-interest. 1;1 order to obtain a market equilibrium
point, supply must'equal demand. PIES does this by using an equilibrating algorithm which
matches an optimal supply set with demands. . ‘

In order to represent the supply set using a linear program, step-like approximations
to the supply and demand curves are generated, as is indicated for supply in Figure 4. The
step-function approximation to the demand curve is obtained by using estimates derived
from the Demand Model; while supply models provide the supply approximations.
Incorporating these step-function approximations to the supply and derﬁand curves and the
initial demand estimates into the linear program and solving, a set of prices, demands, and
activity levels are obtained, which serve as a candidate for an equilibrium.

The solution to the linear program is not automatically an equilibrium, since the
linear program cannot provide directly for fuel substitution effects, except in the case of
electric utilities. To handle this problem, several iterations of the linear program are
performed using a revised set of demand estimates on each iteration. ‘i'hese demand
estimates are calculated using a continuous demerdJ curve, which is a function of price
and is based on the initial rrices, quantities, and own-and cross-elasticities of demand

obtained ‘iom the Demand Model.

[-8



'If, on a particular solution of the linear program, the prices and associated
quantities are within set tolerance limits of the previous prices and quantities, an
equilibrium has been achieved. If not, new” levels of product demand in each region are
calculated from the previous solution, taking into account cross-elasticity effects for‘
fuels. ’I_‘he linear program is revised to reflect these new levels of product demand. The
linear program is again solved.‘ This iterative process continues until the equilibrium
solution is obtained.

~ An approximate equilibriim is reached when the absolute value of either the cha\nge
in price or the change in quantity between two successive iterations is less than, or equal
to, 2 percent of the price or quantity, respectively, at the first of these iterations.

THE USE OF SCENARIOS

}

Scenarios permit evaluation and analysis of alternative issues. They are essentially
sets of data that either select specific modeling structures, such as implementation of a
tax program or regulation of natural gas, or change the value of model parameters to
examine the sensitivity of results to specific data elements. Usually, a scenario, which
contains the data and assumptions thought most likely to exist in the future, is developed
and used as a reference for analyzing alternative scenarios. These alter'native scenarios
permit the 'model to be used combaratively to determine the impact of changing the

scenario assumptions on the solution.
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II. COMPONENTS OF PIES

REGIONAL STRUCTURE

Production, distribution, conversion and consumption of energy material each have a
regional structure in PIES. The primary purpose of the regional detail is not to provide
results for regional analyses, but rather more representative national figures. Throughout
PIES, the choice of regional structure is governed largely by the availability of data for
that segment of the energy system. Specific regional details are included in the following
descriptions of each PIES submodel.

DEMAND MODELS

4

The Demand Models are satellites of the PIES Integrating Model and are depicted as
such in Figure 3. The output from the Demand Models, which consist of price elasticities
(own and cross) for 30 sector-specific products in each of ten regions for the target year
are input to the Integrating Model. Demand regions are the ten DOE regions depicted in
Figure 5.

THE SUPPLY AND CONVERSION SUB-MODELS

Traditionally, economists have estimated output as a function of capital and labor;
without giving serious attention to the resource base. This is inappropriate in energy
supply modelipg, because the most important factor affecting the level of output is the
character and extent of the resource base.

Rather than using the extrapolation of historical time series data and statistical
techniques to predict future raw material and product availability, production models
within PIES are built to simulate the actual production éapabilities, given the resource
basg of the energy sector considered and the presumption that producers seek individually
to maximize their profits. Each of the supply submédels is formulated using a
microeconomic perspéctive based on investment planning using operations research
techniques.

I-1
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Coal | )

The National Coal Model is used to provide supply functions for 11 different
categories of coal in the 12 PIES coal supply regions. These regions, depicted in Figure 6,
were chose'n to correspond to the traditional mining regions defined by the Bureau ot"
Mines. Each is relatively compact and contains only a few categor:ies of steam coal. A
number of the regions also contain metallurgical coal. Within PIES, coal is differentiated
by its sulfur and Btu content. | ‘

Costé of transportation constitute a substantial part of the total costs of using coal.
Consequently, within PIES, the more compact the coal region, the better' the estimate of
transportation costs from the coal region to the utility or demand reéions, where the coal
is consumed. Thus, even though some regions, such as Central and Southern Appalachia,
produce the same categories of coal, they are modeled as two separa'ée regions to provide
better estimates of transportation cbsts. <

As for all supply functions in PIES, step functions are used to approximate individual
coal supply curves. For each t'Ype of coa;, the steps of the coal supply curve represent the
development of a specific mine type.1 The lowest cost steps on the coal supply curves
generaliy correspond to existing mines, or mines that are about to be opened. In such
instances, capital costs are sunk, or mostly suni<, and the mines will be operated as long as
the marginal revenue is at least equal to the operating cost. The higher cost steps reflect
the c_apital recovery necessary for opening new mines. -

The production capacity for new mines 'is estimated as "‘the maximum annual
production that the former Bureau of Mines-estimated reserve base could sustain for 20

years, with the effect of mine closings included. Reserves not committed to existing

/
mines are allocated to categories of new mines, reflecting different costs for different

1Differentiated by depth, seam thickness and annual capacity for deep mines and
overburden ratio and annual capacity for surface mines.

o-3
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categories of surface and. deep mines. The amount of coal in each cost category is
estimated by means of statistical distributions appropriate for the region and coal type.’
The cost of coal is determined through an income-statement simulation in which there are
four major determinants of cost: capital, labor cost and productivity, power and supplics,
and rate of return. Preparation costs, reclamation costé and state severance taxes are
additional factors that effect the cost of the coal.

0il and'Gas

Oil production is modeled 13 regions, consisting of 8 regions onshore in the lower 48
states, 3 regions on the Outer Continental Shelf (OCS), the Alaskan North Slope, and
South Alaska.' These regions are based on the National Petroleum Council (NPC)
classification, with Alaska being split into two regions and NPC regions 8, 9 and 10 being
aggregated. They are depicted in Figure 7. |

Fourteen natural gas regions are modeled. They are identical to the oil regions, )
except the NPC regions 8, 9 and 10 form two natural gas regiohs: one composed of NPC
regions 8 and 9, and the other composed of NPC region 10. The natural gas regions are
shown in Figure 8.

A satellite oil supply model provides supply functions for approximately 20 different
domestic - crude oils in the apbéopriate oil production.regions, pluS associated gaé and
coproducts. The crude oils are differentiate by sulfur content and API gravify. A
satellite gas supply model px;ovides supply functions for natural gas and coproducts in each
of the gas production regions. In deriving these supply functions, the oil and gas
submodels use approximately the same methédology. For each NPC region, the estimate
used for the resource base is obtained from United States Geological Survey (USGS)
circular 725.

A barrel of oil-in-place discovered in a region is partitioned i/nto primary, secondary,

and tertiary reserves, based on historical regional recovery factors. (No enhanced

recovery is considered for gas.) An exponentially declining curve is used to represent

-5



9-11

PACIFIC OCEAN

FIGURE 7
OIL REGIONS

'o.%o O

ALAZKA

w




L-1I

PACIFIC OCEAN

. L//&\\
06,0 ©

ALASKA

NATURAL

FIGURE 8
GAS REGIONS

GULF OF MEXICO

- %



production over time. Secondary production starts several y;ears after the oil is added to
reserves; tertiary even later. For each oil (gas) price on the supply curve, the discounted
cash flow from a barrel (thousand cubic‘ feet) of reserves is calculated. An initial finding
rate per foot is established by examining the recent history of barrels oonil (thousand
'cubic feet of gas) added to reserves per foot drilled (all wells fdr gas, exploratory only for
oil).

Once the value of a unit of reserves added and the cosf of discovering the reserves
are knéwn, the cumulative feet worth drilling for each price level is determined. Starting
from the current rate of activity, drilling effort is increased, and then decreased, to
reflect the growth and the decline of activity. The initial surge of aétivity becomes
greater as the price rises and does not ocecur if there is a price decline. As the yield per
foot drilled declines, the rate of increase in activity declines; eventually, the rate of
drilling decreases to zero when profitable opportunities disappear. As the drilling oceurs
and as reserves ar/e added over time, production occurs from the reserves added in every
yeér. To determine the amount of supply in any given year, for any given price, the
production from reserves is added first. ~

Electric Utilities

The electric utilities submodel simulates operation and planning behavior to
represent electricity generation. 1t chooses the capacity and mix of génerating plant
types required to meet load demands which vary daily and seasonally. In so doing, it
models the consumption of fuels (coal, residual oil, distillate oil, natural gas and uranium)
that are transported from domestic producing and importing regions to utilities. It models
conversion of fuels to electricity taking account of energy losses; and then models the
transmission of that en:argy through. the transmission and distribution network to satisfy

sectoral demands for electricity in the coincident demand regions.



PIES utility regions correspond to the ten DOE regions depicted in Figure 5. The
model allows electricity demand to be satisfied by generation only in its coincident utility
region. This implies that the electricity distribution model cannot explicitly include
power imported one region to another. '

The key to modeling dispatching behavior by electric utilities is that they cannot
store electricity and must produce it on demand. This means that utilities must own some
equipment that operates most of the time and some that runs during peak demand periods
- only. The demand levels for electricity during a year are represented by regionél, annual
load duration curves of thé form shown in Figure 9.

PIES models base, cyecling, daily peak and seasonal peak modes of operation. Base
load is characterized by a constant level of customer demand. Cyecling load provides
electricity for which demand varies seasonally or by time of day. Daily peak and seasonal
peak meet demands for electricity during a few peak hours of the day and during’
extremely hot or cold weather, respectively.

The types of generation equipment that can be ‘used include nuclear power,
coal-fired steam (with or without sérubbers), residual-fired steam, gas-fired steam,
simple-cycle turbines, combined-cycle distillate turbines, and hydroelectric power. Each
type of generation plant has its own cost and load factor characteristics.

In most cases, base load is powered by either hydro, nuclear or coal plants; cycling
load is plroy'ided by hydro, coal, residhal-fired steam, gas-fired steam, or combined-cycle
plants; and peak load iS produced by, hydro or turbines. That is, equipment with high
capital costs and lower operating costs is best suited fpr base load demand, whereas
equipment with low capital costs, but relatively high operating costs, is better for
satisfying peak load. |

It is important to understand one more aspect of the utilities submodel. The rates

utilities can .charge are regulated, so that a customer is charged the average cost of
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electricity (based on actual costs of equipment rather than replacement costs). Thus, in
PIES, consumers réspond on the basis of average cost prices, while'utility investment
decisions are made on the basis of marginal production costs.

Refineries |

The refineries submodel is -a simplified aggregatg planning model, which represents
‘the conversion of crude c;ils (both domestic and imported) to 7  major refined products
demanded by consumers (naphtha, gasoline, jet fuel, distillate, residual, liquefied
’petroleum gases, and other). Crude oils processed by refineries differ in physical and
chemical charac_teriétics, and consequently each crude type must be processed slightly
differently, with processing costs varying slightly from crude to 'crude, and each operating
mode - producing a different mix of products. The PIES refineries submodel has the
cgpability to differentiate crude oils by characteristics such as specific gravity and sulfur
cohtent and can distinguish approximately 45 different dor:nestic and imported crude
types. |

It is important, of course, that the refineries submodel capture the characteristics
of existing refinery capacity; this is done off-line by calibrating and adjusting the model,
so’ .that it simulates recent performance of the industry.

Provision must be made for modeling the expansion of the refinery industry; this .is
done bif providing a spectrum of choiées for construction of new capacity. As with
utilities, the inclusion of new capacity implies that capital expenditures must be made.
These costs are annualized capital charges for operating new refinery modes.

Thus, in being consistent with the overall PIES approach, the refineries submodel

" selects and transports specific crude types to refinery regions, chooses, S[;ecific operating

modes, specifies necessary types of capacity for expansion, and produces and transports
refined products to the consumers, all in a way that minfmizes the refiner's costs.

~
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The refinery regions are the five Petroleum: Administration for Defense Districts
(P'A“DDs), with PADDs 1 and 2 each being divided into two regions as depicted in Figure
10. These regions were originally defined for the administration of refineries by the Navy
during a national emergency. Within PIES, crude oil is trans;;orted into refinery regions
from the oil production or import regions, and refined products are transported from the
.refir'\ery regions to either the utility or demand regions by pipeline, barge, or tanker.

Transportation

All production, conversion, and consumption activities within PIES are linked by a
transportation network. The transportation submodel provides interregional links to
model coal transportation by barge and raii, gas by pipeline, and oil and réfined products
by tanker, barge and pipeline. It also calculates the costs for shipping each material by
the potential transportation modes for each link. In most cases, theré is no capacity
constraint on the quantities that may flow through a link. The exceptibns are oil pipeline

constraints for transportation from Alaska.
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III. PRINCIPAL USES OF PIES

INTRODUCTION
Since its initial development in 1974, PIES has been used extensively to forecast the
impacts of many different Government energy policy proposals. In 1974, it was the basis

of the analyses behind the Project Independence Report published in November of that

year. The successor to that publication was the 1976 National Energy Outlook published

in April 1976, and PIES was again fundamental to the analyses performed. PIES was also
used to assess the impacts of the proposed legislation implementing President Carter's

National Energy Plan and to study the counter-proposals put forward by the House, |

Senate, and House-Senate conferees.
Since then, PIES has been used for a variety of analyses including:

- a study of Eleetric Utility Load Management for the General
Accounting Office (GAO)

- an analysis of the impacts on fuel shares of divestiture of coal
companies

- a study of the marketability of Alaskan natural gas for the
Federal Energy Regulatory Commission (FERC)

- analyses for the Council on Environmental Quality (CEQ) and
DOE's lolicy Office

Most recently PIES has been used to provide the mid-range forecasts contained in

Volume II of EIA's 1977 Administrator's Annual Report to Congress (published April 1978).

EXAMPLES OF POLICY USES

One way PIES has been used was to analyze a number of alternative routes for the
Trans-Alaskan natural gas pipeline system. Three distinet routes were proposed, one
\

paralleling the Trans-Alaskan oil pipeline; one following the path of the MacKenzie River

through Canada's Northwest Territory, linking up with the U.S. gas pipeline network east

nI-1



of the Rockies; and a third route through Alaska to a proposed liquefaction facility from
which LNG  would be transported to California in tankers. PIES result were used in the
examination of the merits of each of these routes.

PIES was used recently in response to a request from the Energy Modeling Forum
(EMF)! to analyze the use of coal from 1980 to 2000. The purpose of the exercise was to
compare the results of ;c,everal models using a common set of assumptions and scenarios
developed by EMF. The comparisons were to uncover differences and similarities in the
way major forces affeéting the coal transition (for example, the effects of different air
pollution standards) wex;e treated in the models; and not to compare forecasts of coal
production and utilization. Specifieally, the models weré intended to:

- calculate the rate of production by type and location of coal

- display how regional coal production patterns respond -to

environmental regulations on sulfur emissions or changes in the
relative costs of mining, transporting, and using coal

- examine the economic competitiveness of alternative coal supply

sources and types, and in comparison with other fuels in the

generation of electricity or other uses

- provide information on the coal transport flows, the
requirements for plants and equipment, and the use of scrubbers.

A detailed account of this application of PIES is documented in "Coal in Transition,"
Analysis Memorandum #AM 78-09, EIA, February 15, 1978.

At the request of Senator Jackson, PIES was rec;ently used to analyze the impacts of
major proposals being considered in the debate over the National Energy Act.
Specifically, it was used to determine the estimates of revenue that will accrue to
producers of natural gas between now and 1985 under four differe;lt proposals;

1. the present aystem of regulation of natural gas prices

2. the natural gas pricing provisions of H.R. 8444 as passed by
the House '

,ﬁ[The EMF is funded by the Eleectric Power Research Institute to improve the use of

energy models in policy analysis. It operates through a series of working groups of energy
model developers and users and is administered by the Stanford University Institute for
Energy Studies.
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3.  the natural gas pricing legislation which passed the Senate

4. the tentative agreement announced by the caucus of House-
Senate conferees on April 21, 1978

The PIES structure extended was to model each of these proposals. Energy projectioris for
1985 were determined, and revenue estimates from 0197"8 through 1985 were developed in
an off-line analysis. The results are documented in "An Evaluation of Natural Gas Pricing

Proposals," Analysis Memorandum No., AM/IA-7802, EIA, June 14, 1978. \ ‘ 7
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APPENDIX A. THE PIES INTEGRATING MODEL REPORT

INTRODUCTION

. After each execﬁtion of PIES, a customized solution report known formally as the
"PIES Integrating Model Report," and informally as "WONDERCOOKIE" or "COOKIE" is
produced. Included in this appendix ‘are four of the most widely used \tables, wi'th
descriptions, from the - PIES /In;egljating Model Report for the | 1985
mid-range/TRENDLONG scenar‘io,l.which assumes a normal rate of growth for the
economy, natural gas regulation and an oil import price of $15.32/barrel.

TABLE 1: Executive Data Summary (Standard i’hysical Units)

TABLE 1 of the PIES Report summarizes energy production, consumption and import
projections for 1985. The columns are fuel types, and the rows show distribution of
energy fuel among imports, domestic consumption and domestic supply. The units are
standard physical units per year, as listed in Table A-1. Physical units for coal are million
short tons (MMST) where a short ton is 2,'000 pounds. The volume of oil imports in
millions of barrels per calendar day (MMB/CD) is given in a footnote.

The first column summarizes c;)al data. Indigeneou§ coal supply is given as
1,033.98 MMST/YR, and coal imports are noted as -74.00 MMST/YR. Negatively signed
imports represent exports; thus, 74.00 MMST/YR of coal are exported, reducing the
amount of coal available for domestic uses to 959’.98 MMST/YR, as givex; in the total
supply row.

Oil supply aérives from several different sources; ‘3262.15 MMB/YR 6f crude is
produced within the U.S. Co-products associated with crude oil production account for
456.11 MMB/YR and shale oil for 17.15 MMB/YR of ‘indigenous OIL supply. .Tc')tal imports

for OIL amount to 4021.28 MMB/YR, of which 2828.99 MMB/YR are crude imports, and

-



B

BCF
BCF/YR
M

MB/CD
MCF

~ M.E. Ton
MKWH
MM

MMB
MMB/CD
MMB/YR
MMCF/CD
MMMKWH/YR
MMST
MMST/YR
MM$/YR
ST

T

TB"I‘U
$/BBL
$/MCF
$/M.E. Ton

MILS/KWH

TABLE A-1. PHYSICAL UNITS IN THE PIES REPORT

Barrel
Billion cubic feet
. Billion cubic feet per year
Thousand
Thousand barrels per calendar déy
Thousand cubic feet
Material equivqlent ton of 22.5 million Btu
Thousand kilowatt hours
Million (Thousand thousand)
Million barrels |
Million Jbarrels per calendar day |
Million barrels per year
Million cubic feet per calendar day
Billion kilowatt hours per year
Million short tons (a short ton is 2000 pounds)
Million short tons per year
Million dollars per year
Short ton
Ton
Trillion Btu
(1978) Dollars per barrcl
(1978) Dollars per thousand cubic feet
(1978) Dollars per material equivalent ton

(1978) MILS per kilowatt hour



1192.28 MMB/YR are refined petrolgum product imports. To.tal oil supply is thus
7756.69 MMB/YR, which is total indigenous supply plus total imports. The
203.61 MMB/YR volumetric gain indicated in TABLE 1 occurs because the volume of
petroleum products produced is greater than the volume of erude entering: the refinery.

Indigenous gas supply is derived’, from gas wells that produce no oil (non-associated
gas) and from oil wells that produce both liquid hydrocarbons and gas. The non-associated
gas production entry, 13,504.54 BCF/YR is in the COAL, GAS, ELEC. row. The entry for
associated and dissolved gas is found in the CO-PRODUCTS/ASSOC. GAS row. Total
associated gas production is given as 3,221.32 BCF/YR.

There are two columns with solar and geothermal references. The column labeled
HYDRO, SOLAR, GEOTHERMAL relates to the generation of electrical power by utilities
from these sources, which amounts to 395.67 MMMKW‘H/YR. The 14.35 entry in the

 DIRECT SOLAR/GEO row represents the reduction of electricity d‘emand resulting from

the substitution of solar and geothermal resources for electricity. For example, the use
of solar heating in a residence to reduce the use of electricity would be represented in
this category. The standard transmission line loss of electricity supply from the
410.02 MMMKWH/YR of electricity from HYDRO, SOLAR, GEOTHERMAL sources is
35.70 MMMKWH/YR. There is no loss associated with direct substitution of solar and
geothermal sources for electricity. The SOLAR/GEO FOSSIL SUBST column similarly
reflects the reduction fossil fuel demand resulting from direct solar and geothermal
substitution. A sectoral breakout of these numbers appears in the consumption por@ion of
the table.

Fuel consumption by sector is shown in the lower portion of TABLE 1. These
consurpption, or demand, sectors include residential, commercial, industrial, transporta-
tion, synthétics‘ and electrical generation. To find the amount of coal consumed in the
residential sector, we find the entry corresponding to the fuel type column, COAL, ‘
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and the sector row, RESIDENTIAL; thus 1.03 MMST/YR of coal are consumed in the
residential sector.” Similarly, .56 MMST/YR of coal are consumed in the commercial
sector, and 745.50 MMST/YR are consumed in the generation of electricity. Sectoral
consumpiion amounts for the other fuel types are also obtained by looking down the fuel
type column and across the sector row.

Total supply should equal total domestic consumption for each fuel type. A note at
the bottom of TABLE 1 explains that any imbalance between net supply and demand is due
to the convergence criteria used in the equilibration process.

TABLE 2: Executive Data Summary (Trillion Btu)

TABLE 2 is basically a repetition of TABLE 1 in which each entry is reported by
BTU value, thus allowing direct comparisons between fuel types. A.number of summation

columns have also been incorporated to aggregate across fuel types.

TABLE A-2. CONVERSION FACTORS

Millions of Btus

Item per Indicated Unit
Crude Oil (all) (B) 5.800
Gas Liquids (B) . 5.248
Butane (B) 4.010
Coal - High Btu, Medium Sulfur (ST) 23.800
Coul - Medium Btu, Medium Sulfur (ST) 21.800
Coal - High Btu, High Suifur (ST) ' 23.800
Coal - Medium Btu, High Sulfur (ST) 21.800
Coal - Low Btu, Low Sulfur (ST) : ' 18.330
Coal - Very Low Btu, Low Sulfur (ST) 13.000
Coal - High Btu, Low Sulfur (ST) 23.800
Coal - Very Low Btu, Medium Sulfur (ST) 13.000
Coal - Low Btu, Medium Sulfur (ST) 18.330
Coal - Medium Btu, Low Sulfur (ST) 21.800
Coal - Metallurgical (ST) N 27.000

3.412
.248

Electricity (MKWH) 3

Gasoline (B) 5

Distillate (B) 5.825
Residual (B) 6.287
Other Refined Petroleum (B) 5.000
Natural Gas (MCF) 1.032
Liquid Petroleum Gases (B) 4.010
Jet Fuel (B) 5.318



J

The SOLAR/GEO FOSSIﬁ SUBST. column of TABLE 1 is not givén as a separate
column in TABLE 2 because of space limitations. It has been combined with the hydro,
" solar and geothermal entries, and a fQotnote gives the fossil fuel subst;tution amount as
119.86 TBTU. The amount of solar and geothermal sut?stitution is'given as 143.50 TBTU.

The fossil fﬁels (oil, gas and coal) andA electricity represent the actual Bfu contents
of the fuels (see Table A-2 for conversion factors). Entries for the HYDRO, SOLAR, GEO
columns do not represent the actual BTU content but estimate the BTU consumption of e/m .
; gquivalent fossil fuel plant with a heat rate of 10,000 BTU/KWH. This conversion factor
is not used for the entries in the DIRECT SOLAR/GEOTHERMAﬁ row. Nuclear entries
assume heat rates of 11,000 BTU/KWH.

GROSS ELECT. INPUTS ['-epresents a distribution of the electrical generation
(31563 TBTU/YR) ana the synthetics fuel (196 TBTU/YR) consumption volumes among the
remaining four sectqrs on the basis of end-use proportions. For example, if the residential
sector is assumed to use 60 percent of the electricity generated, the entry under this
column and across the RESIDENTIAL row would represent 60 percent of the total inputs
. cc;nsumed in ele‘ctrical generation and gynthetic fuel production '(31,759“TBTU/YR). The
first four sectors are chosen because they are end-use consumbtion sectors. The
electrical generation ahd synthetics sectors provide energy to the remaining four
consumption sectors and the GROSS ELECT. INPUTS column shows the distribution of the
fuel consumed in generating this energy to the fouf sectors based on sectoral consumption
of electricity.

TOTAL FOUR SECTOR INPUTS in the cbnsumption portion of the table represents
both direct fuel consumption and consumption of fuel for the purpose of producing

electricity and synthetic fuels and is thus the sum of TOTAL 6 SECTOR INPUTS and

.GROSS ELEC. INPUTS for the first four sectors. NET 4"SECTOR INPUTS represent both



direct fuel consumption and the direct consumption of electricity and thus is the sum of
UTILITY ELECTRIC DISTRIB. and TOTAL 6 SECTOR INPUTS for the first four sectors
only.

TABLE 3: Price Summary in 1978 $/Standaid Physical Unit

TABLE 3 contains the retail prices of the energy products. These prices are given
by sector (residential, commercial, raw material, industrial and transportation) and by
region (the ‘ten DOE regions). Retail prices are obtained by applying sectoral markups to
the delivered prices. The retail price markups are based on historical data. Entries in the
TOTAL column are quantity-weighted averages of the regional prices.

TABLE 4: Regional Price Summary in 1978 $/Million BTU

TABLE 4 is the same as TABLE 3 with all prices converted to 1978 dollars per

million BTU.
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TABLE 1 et e eccace e cmceccamaccccaa——— —en
1985 MTN-RAIGEZFPSNDLONG SCENARLD (32 RIES ()
WITH NATHRAL AS RESULATION
OLL IMPORT PRICKE: 153,132 ’
RN DATC: 1.14
EXECTHTIVR DATA SUNAARY
NNTTED STATES TGTAL GROGS SUEPLY ZCONSUNPTINDN OF ENZRGY RZSOHRCES
ENCORY SO0 S IN STANDBRD PiYSTCAL UNITS SER YFAR
HYDRD,SNLAR, SOLAR/IEO T0TLL FLEC.
SRCTNI COAL OTL 5AS UMCLFEAR 3FOTHERM AL POSTIL SHURST, DIS2RTHAUTED
(hesTy (K% R} (1Tt }] (M MKW HY (MUKW {TBT)Y (ERLLLITY
NOMRSTIC SNEPLY 033,94 1735.42 16725, 86 565, A2 410,02 119, 85 364 2,54
(COAL,GAS, RLES,) 10 33,93 11504,5% 565.62 395,47 IDu2,.5u
{CRUDEY 31262.15
(CO-PRODICTIZASSAC, 1AS) 456,11 221,32
{SYNTHETICS)
(SHALR) 17.15 -
(RTPECT SOLAR/IRY) 14, 35 119,496
T4PARTS: Ju.00- 4521, 29 1840.07
{CRINT) 282n,99
(PRNDHCTRY 1192.29
{LNR) awu2,07
(CANADIAN/MSXICAN) 905.09
(COAL) 74,00~
TOTAL SUPPLY 95%9,9R T756,69 14571,.93 565,62 410,32 119, 26 IGY2,.5n
GAINS (¢) /LOSSES (=) 203,41 46,31~ 15,70~ 254, 18-
CONSHHDPTINN:
PYSINONTIAL 1.03 mn7r,.45 n2%3,75 4,u¢ 43,19 an1. 1
COMMRRCTAL .56 536, 96 141,30 5.09 20,41 695, AN
TNDUST [T AL 200,21 20644, 22 ARy, ns u,RnN 56.06 1225, 41
TRANSPORTATLOM 02 3901,61 194,50 4,05
RLECTRICAL GFNERATION s, 50 S41. 31 2945,H1 2756, 4%~
STNTHETICS 13,66 169,11 N7, 16-
TOPAL DOMFSTTIC CONSEHPT TN 9RO, 99 7960 .65 a7, R9 14, 35 119,86 .00
NOTE: OTL THDORTS [N H93/D = 11,00
GAS CONSNADPTIN TK THE TRANSPOUTATION SRITOR INZLUNDN MATHRAL HAS TRARSPORPATION LORSES,

TAPRSTRIAL COMSYMPTINN Y ECLINES FRFINFRY FHEL CONSDNPPRINN,
GATNG AKE RPFTHRRY GATIMS, LOSSPS ART TPAMSNISSTON LNSSRES,

SUPPLY 70Tr%AND TABALANCRS %pY

BE DUR T EEANEYS GTTHIN THE BOHTLTARPATTON CONYERGANCE POLYHANCE,



TABLE 2
. 1995 MID-BANIE/TRENDLONG SCEWARIO (SZRTES C)
WITH NATURAL ©AS RESULATION
OIL TMPpR? BRICZ: 16,32
RUN DATF: 1.14 -
EYRCHUTIVE DATA SYMMARY = eeeeescmesccscccccnaee- R el
INTPPY STATES TOTAL GROSS SUDPLY ZCONSHMBTION OF RL73IGY RRSONRCFPS
ENPRIY SOMRCES TY TRYLLINNS OF ATN'S PER VYFEAR
TOTAL HYDRO TOTAL GROSS TOTAL NTTLTTY NET Foug
eNSSTL SOLAR SECTNF ELRCT, SECTOR  RLECTRIC SECTOR
STCTON CNAL oI nAsS EN71,  HUCLFAR 3RO, THPUTS,  THPITS TNPUTS NISTHIB. INONTS
NONFSTIC SUPPLY: 21062 21029 17261 61152 6222 4220 10181
{CNAL,GAS,FLEC,)Y 23I04R2 13917 JA999 222 1457 10391
(CRUDPR) 18946 13936
(CO-PRONECTS/ASSOC, 6GASY 1940 3324 526A
{SYNTHETICS)
(SHALF) ’ 100 100
{DIRRECT SOLAR/GEN) 263
INPORTS: 1918~ 23190 1907 23179
(C RUDF) ' 1/U65 16URS
(PRONICTE) 6725 A725
(NG 272 97?2
(CANADTAN ZMEXTCAN) 9135 91315 ~
(COALY 1N1A- 1918-
TOTAL SUPPLY 21tay yu219 191A] au531 R222 4220 949713 10381
GAINS () /LS 62~ 867~
CONSUMPTTON: :
RESIDENTIAL 20 R 26 S822 9272 89 9360 9R56 19916 2870 1221¢C
COMMERCTRL 13 1560 190N RYy73 m 1Y THIH 13532 2370 7918
INDPUSTRIAL S01A 11302 19156 28070 104 2RSTR 18059 40RG 7 411 30759
TRANSPORTATTIOY 20954 11 213606 211566 uh 121412 14 21380
FLRCTRICRI, GRRRRATION 15900 1328 2152 21385 6222 1957 11563 94309-
SYNTHETICS 208 AA9 Y00~ 196 194
TATAL IONSHMPTION 21166 t3IAST 19041 aning 6222 4229 qu6nNs 31749 G506
~ NOPE: GA5 COMSUMETTON TY THT PLHARSPORTATION SRCTOR TATLUDES NATURAL 5AS THANSPORIAT-ON LD3SFS,
TNNISTRTAL  COMSHMPTINN TNILIDRS PEFLNRFY  FOEL CONSHYPTTON,
LASS¥S ARFFE RFPPFHTHE? CRACKING LOSSFS ABD SLECIRTZITY TRANSHMISSTUOR LNOSSES,
MIICLEAY AND HYI/SOL/GFN ENTRTRS RSTINMTE BP0 CONSHNPTTON FOR AN EQUIVALENT FYSSIL FHRL PLANT 2T 10000 DT'1/KWH.
SUPPLY/DEMAND [MRALANCES MAY RE DUP o FRRORS VILHIN THR BOITLTGRATION CONVERGEINCT POLERANCE
DP AVEAAGE RTH CONMVERSTNAN NF RGARIGATIS,
DIRFCP SOLAR/IREN SUDPPLY LNCLUDPES FASSIL PUEL DEMAND PSPLACEMEYT TN TBTUS OF 119,94
AND PBLECTRTCITY NESAND REPLACFMENT AT 1A000 BTHI/KWH OF DEMAND IN TSTUS OF 13,50
TOTAL SUPPLY OHANS HST QF RFFIMIOY CoRCKINSY LOSH: .61
TOTAL SUNASS OMANG CNISNMED. 914,61



TABLE 3 R et bbbt
' 1945 MTD-RANGF/TREINLONG SCRNARIQ (SERTFES C)
WITH NATORAL GAS RESULATION

OTL IMPORT PRICE: 15,12
RUN DPATE: 1. 14

DEMAND REGION RETAYL PRTCE SUMNARY LN V973 3/ STANDAED PHYSTCAL AKIP

YRMAND REGIONS

SECTAR (FIRL) . NW-FENG. NY/NJ  MID-ATL S, -ATL MTUWRST S.-WEST CRNTRAL N-CNTRL 4EST M, -9FST TOTAL
RFSTDENTTAL
(ELECT.) nS.42 51,27  47.39 37,69 40,96 40,50 43,32 32,92 43,2y  135.91 139,97
(MIST.) 22,64 23,01 28,20 24,63 22,08 22,73 21,88 22,54 22,40 22,40 22,96
116 .62 1A,0R 17,13 17,33 15,99 15,73 15,63 16,32 15,80 15,80 16, 21
1COAL) 86,56 43,R9 W1,32 44,29 39,44 16,59 37,79  I0.84 19,39 36,48 40,3} P
Gy n.6R 5.27 3. 69 .25 21 2,47 2,17 2.33 3.u64 3.76 3.19
COMAFRCTAL , v :
{ELECT.) HS,100 60.37 65,80 39,94 40,87 38,42 42,41 30,01 39.97 19,82 40,94
(DIST.) 21,21 21,61 21,90 21,42 20,99 21022 20,85 21,38 23,77 20.77  21.%
(RFSID,) J1R001 1R.ET 26.55 18,22 19,64 18,56 19,09 18,95 14,35  17.9% 10,91
(L.G) 11,10 313,10 13,10 13,10 13,99 13,10 13.88  13.93 13,10 13,10 11,54
(COAL) UA,56  43,A9 41,32 684,29 39,48 36,59 37,79 30,84 39,39 39,48 40,93
(ASDHALT) 19.08  19.08 19,08  19.90  19.19 ° 18.75 18,R8 19,13 19,42  18.42 1R, N
(NG) 1,94 3.50 3. 21 2.72 2.86 2,54 1.57 3.23 2.92 3.15 1.0y
A4 MATERTAL* .
{LG) 18,964 14,96 18,94  18.8) 18,82 18,56 18,48 19,67 18,08  18.08 18,59
1344 19,08 19,68 19,08 19,00 19,19 18,75  1R.A8 19,13 18,42 14,42 14,
(NG 3.19 2,02 - 2,717 2.25 2,52 2.2) 3.20 2.7 2.52 2. 00 2.m1
TEDUSTRIAL#®®
{FLRCT ) .62 32,30 37,440 32,07 31,95 32,64 36,00 26,91 33,99 13,16 31,10
(NIST.) 21.20 21.51 22,06 22,80 29,97 21,12 20,40 21,41 20,77  20.77  21.15
(ABSTD,) 10,37 19,26 20,08 - 19,61 19,49 18,60  19.30  18.61 13,33 14,60 1A.79
(LG) 164,67 15,01 15,82 16,89 15,31 14,85 15,07 15,46 14,81 14,99 15,20
(COAL) NALSA 43,89 41,32 un,29 19,47 36,59 17,79 30.88 19,39 39.6R 33,51
(MET COAL®*) SR.90  5A.0h 53,30 56,66  S4.43 57,25 82,73  59.63  A9,80 73.32  S4,45
(NAPHTHA) 1M.06 1AL96 18,94 TALRT 14,42 14,56 18,u4R 18,67 18,08 18,08 18,48
(NG) 3.49 2,92 2.77 2,31 2.52 2,23 20 2.7 2.52 2.4 2,39
TRANSPORTATION
(RLECT.) 2,83 BR,AYT 42,13 35,26 256,19 36,29 40,05 29,30 34.80 16.91 45,10
(VIST.) 27.88 28,19 29,14 29,08 27,45 27.,49G 27,98 28,00 27,45 27,45  28.07
(RESTD.) 19,37 19,26 20,08 18,01 19,60 19,60 19,30 18,61 18,33 18,48 18,40
() 13,10 13,100 13,16 13,10 13,99 13,1¢ 13,87 13,93 13,100 13,10 13,27
(FASOLINGD) ALTR 32,920 1,43 11,19 31,30 30,07 30,59 30.81 11,58 31,61 31,10
2 22.85 21,51

{IVT FAZL) 22,7 21,57 25.04 25.29 22,55 23,19 21,9 23.1R
€LIOOTH GAS IN THY AP MATERTAL 52CPO2 THCLUDPS LIONTH SAS £ReISTOCK,
**MET COAL INCLADES 70% PPENEMNY CoRL AKD 0% RTPTHRINONS LAY SYLFOR COAL,
C*#TRPOSTRIAL SFCTOR HERT DOFS NOT INCLDDF ERFINSRIES,
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TABLE 4

1996 4TIN-RANGE/YRONDLONG SCENARYID {SEKTRS ()
ATTH NATIRAL GAS RRIULATION

OTI, INPOPT PRTCE: 15.12
RUN DATE: 1. 14

DEMARD RESTON AVERAGE EZTALL PRICE SUMMARY IN 1974 F/87TLLION BTUS

DEMAND REGTONS

SFCTOR (FUFLY HW - ENG., NY/ANJ MID-ATL S.-ATL  MIDWEST S,-4EST CRNTRAL N-CNTRL WEST ‘N.-HEST TOTsL
MESINENTIAL 5. 11 S.6h h, 14 7.87 4,56 5.20 4.4 4,10 5.59 4,2 5. 19
(FLECT.) 13.12 15.91 13.39 11,05 12.00 11,47 12.7¢C 9.65 12,.6A 5.821 11.71
(PIST.) 3.99 3.97 4,16 4,213 1.749 3. 40 .59 1.87 3.85 3.85 3.3
(1.6) 1.90 4,01 4,232 n,32 3. 99 3,92 3.9 4.07 3.9 3.94 4,04
(COAL" 2.07 1.95 LI L] 1.1, 1.75 1.63 1.68 1.37 1.75 1.75 1.92
(1G) 4,51 4. 13 3. 58 3.15 .11 2.4 2,11 2.26 3.135 3.65 3.09
COMMFRCIAL 4.78 .45 6.u5% 6.65 5.15 6.02 6.05 5.26 5.85 4.22 9.5
(ELECT,) 13.22 17.69 13.31 1.4 11,98 1.2 12.013 8. 80 LA A 5.81 12.01
(PTST.) 1,686 KPR | 1. 7A 3.74 1. 60 3.64 .M 3.64 1.56 3.56 3. hK
(PRSI 2.97 2.96 3.27 2.490 1.12 2,97 3. 10 3.01 2.92 2.85 2,499
{(LR) 1.27 31.27 1,27 3,27 1. 49 3.21 3.a86 I.n7 3. 27 3.27 1,19
COALY 2.07 1.a% .38 1.97 1.75 1.61 1.68 1.37 1.75 1.76 1.92

© (ASPIALTY 3,10 3.1 1.18 117 3.20 3.1 1.15 3.19 3.07 3.07 3.1

q’ (NG) .86 3.53 3.1 2.63 2.74 2.0€ 1.86 3.1} 2.83 3. 0% 2.0

A .

S wAv MATARIAL*® 1,43 1.35 3.18 2,92 3.25 3.27 3.28 J.20 1.08 2,92 1.2
e 3.m 31.61 3.R1 31.58 1.59 3,54 3.52 3. 56 .44 3.un 3.54
(NIT) RIS ) 1.18 .13 .17 1. 20 .11 3,15 3.19 3.07 3.0 3.18
MG) 3.29 2.43 2.649 2.19 2,44 2.16G 3.10 2.65 2.40 2.17 2.13

TNDUSTPLAL®®4 4, fn 4.5 42 4,98 31.88 2.8 4.79 3. 1A 3.a5 3.24 3.1
{ELECT ) 19,97 0,47 10,97 9.40 9. 17 9.57 10,55 7.30 3.96 3.186 9.2
{PIST.) 1.64 .69 31.86 3. HS 3.60 1.61 3.5¢0 1,69 3J.56 31.56 3.67
(RRSTN.) 2.92 D6 1,19 2.87 3.10 2.9€ 1.07 2.96 2.92 2.97 2.0
{LO) 3.46 3.0 1,9% 3.96 .92 J.7¢ 3. 76 3.85 1.A9 3.69 3.79
(COALY 2.07 1,08 1. 04 1.97 1.75 1.A1 1.6R 1.137 1.75 1.76 1.76
(MRT COAL**) 2.18 2.08 1.97 2,10 2.02 2.2 1.45 2.21 2.59 2.70 2.3
(NRPHTHAY 1,61 1.61 3. A 1.58 3.59 3.54 3.682 3. 56 .44 J.u4 3.96
(NG 1.29 2.3 2.79 2. 724 2.4 2, IF 1.10 2.k5 2.44 2.17 2. 1

TRAMSPORTATLION 5,74 5.79 5.6h7 5.61 5.67 5,22 5,52 9.493 5,39 5,42 5.%5
{FLECT .Y 12,44 “h,.25 12.135 10.33 10.61 10.61 1,74 A, 59 1.7 i,96 13.722
(MTIST.Y 4,79 .84 5.00 4,39 4,75 4,77 .65 4,82 4,71 4.7 4,32
fRESTN,} 2.M2 1.0k 3,19 2.97 3. 10 2,9+ 3.07 2,96 2.92 2,97 2.9
(LGY . 3.27 3.27 3.27 .27 1.49 3.27 1.46 .47 3.27 3.27 . n
(GASOLINE) NS 6,27 5.03 .90 5.96 8. 7% 5.83 5.87 5.01 £.02 5.6
{IFT FORY1) 4,12 h.23 a4,a9 4,54 0,95 G, bE 31.71 n, 16 4,10 .16 4,22

AVERAGR DRICR S. 16 5.62 5,08 S, 14 4.R? 1,97 5.2 4,40 5. 11 4,u2 h.R2

SLIQUTN GAS IN THT Pﬁ” MATERIAL SECTOP INCLOLRS LTQUTD GAS “UENSTAOCEK.
REMUT (AL TACLHNET 0% OREMIYn COAL AYD G2 AITRMINMIS LOY STLFOR COAL, -
CEATNDPISPTREYAL SRCTOP HEFE DPORS NOT TYCLUNE PEFIYTRIFS,
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