
liuli!111----IIII1
Fr

lUU_.IlUlr__ ILnl_UlU_





DOE/EIA-M064

NEMS Industrial Module Documentation Report

January 1994

Office of Integrated Analysis and Forecasting
Energy Information Administration

U.S. Department of Energy
Washington, DC

This report was prepared by the Energy Information Administration, the independent statistical agency within
the Department of Energy. The information contained herein should not be construed as advocating or
reflecting any policyposition of the Department of Energy or any other organization.

:P



Table of Contents

Introduction ................................................ 1

Purpose of this Report ..................................... 1
Model Summary ........................................ 1
Organization of this Report .................................. 3

Model Purpose ................... • ........................... 4
Model Objectives ........................................ 4
Relationship between the Industrial Model and Other NEMS Models ........ 6

Model Rationale ............................................. 9

Theoretical Approach ..................................... 9
Key Computations ...................................... 16
Assumptions .......................................... 42
Alternative Approaches ................................... 45

Model Structure ............................................ 63

Flow Diagrams ........................................ 63
Subroutines and Equations ................................. 69

Appendix A. Data Sources, Input Parameters, and Model Variables ........... A_i,

Appendix B. Mathematical Representation of Model Algorithms ............. B-1

Appendix C. Bibliography .................................... C-1

Appendix D. Model Abstract ................................... D-1

Appendix E. Data Quality and Estimation ' E-1

Energy Information Administration
N EMS Industrial Demand Model Documentation Report



1. Introduction

Purpose of this Report

This report documents the objectives, analytical approach, and development of the National

Energy Modeling System (NEMS) Industrial Demand Model. The report catalogues and

describes model assumptions, computational methodology, parameter estimation techniques, and

mouel source code.

This document serves three purposes. First, it is a reference document providing a detailed

description of the NEMS Industrial Model for model analysts, users, and the public. Second, this

report meets the legal requirement of the Energy Information Administration (EIA) to provide

adequate documentation in support of its statistical and forecast reports (Public Law 93-275,

section 57(b)(1)). Third, it facilitates continuity in model development by providing

documentation from which energy analysts can undertake model enhancements, data updates, and

parameter refinements as future projects.

Model Summary

The NEMS Industrial Demand Model is a dynamic accounting model, bringing together the

disparate industries and uses of energy in those industries, and putting them together in an

understandable and cohesive framework. The Industrial Model generates mid-term (up to the

year 2010) forecasts of industrial sector energy demand as a component of the NEMS integrated

forecasting system. From the NEMS system, the Industrial Model receives fuel prices,

employment data, and the value of output of industrial activity. Based on the values of these

variables, the Industrial Model passes back to the NEMS system estimates of consumption by

fuel types.
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The NEMS Industrial Model estimates energy consumption by energy source (fuels and

feedstocks) for 26 manufacturing and 6 nonmanufacturing industries. The manufacturing

industries are further subdivided into the energy-intensive manufacturing industries and non-

energy-intensive manufacturing industries. The energy-intensive industries are modeled through

the use of a detailed process flow accounting procedure, whereas the non-energy-intensive, as

well as the nonmanufacturing industries, are modeled through econometrically based equations.

The industrial model forecasts energy consumption at the nine Census division levels; energy

consumption at the Census division level is allocated by using State Energy Data System (SEDS)

data and the shares remain constant.

Each industry is modeled as three separate but interrelated components consisting of the

process/assembly component (PA), the buildings component (BLD), and the

boiler/steam/cogeneration component (BSC). The BSC component satisfies steam demand from

the PA and BLD components. In some industries, the PA component produces byproducts that

are consumed in the BSC component. For the energy-intensive industries, the PA component is

broken down into the major production processes or end uses.

Archival Media

As of this writing, the model has not been officially archived. The model will be archived on

IBM 3090 mainframe magnetic tape storage as part of the National Energy Modeling System

production runs used to generate the Annual Energy Outlook 1994.

Model Contact

T. Crawford Honeycutt
Office of Integrated Analysis and Forecasting
Energy Demand Analysis Branch
1000 Independence Avenue, SW
EI-813, Room 2F-094
Washington, DC 20585

Telephone
(202) 586-1420
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Organization of this Report

Chapter 2 of this report discusses the purpose of the NEMS Industrial Demand Model, detailing

its objectives, input and output quantities, and the relatiorhship of the Industrial Model to the

other modules of the NEMS system. Chapter 3 of the report describes the rationale behind the

Industrial Model design, providing insights into further assumptions utilized in the model

development process to this point. Chapter 3 also reviews alternative industrial sector modeling

methodologies drawn from existing literature. Chapter 4 details the model structure. The first

section in the chapter provides a flow diagram of the model. The second section provides a

description of the principal model subroutines, including the key computations performed and

equations solved in each subroutine.

The Appendices to this report provide supporting documentation for the Industrial Model.

Appendix A lists and defines the input data used to generate parameter estimates and endogenous

forecasts from the Industrial Model, along with the parameter estimates and the outputs of most

relevance to the NEMS system and the model evaluation process. A table referencing the

equation(s) in which each variable appears is also provided in Appendix A. Appendix B

contains a mathematical description of the algorithms used in the Industrial Model, including

model equations and variable transformations. Appendix C is a bibliography of reference

materials used in the development process. Appendix D consists of a model abstract. Appendix

E lists the input data and estimation methods for deriving the input data.
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2. Model Purpose

Model Objectives

The NEMS Industrial Demand Model was designed to forecast industrial energy consumption

by fuel type and Standard Industrial Classification (SIC). The Industrial Model generates mid-

term (up to the year 2010) forecasts of industrial sector energy demand as a component of the

NEMS integrated forecasting system. From the NEMS system, the Industrial Model receives

fuel prices, employment data, and the value of output for industrial activity. All dollar values

are expressed in 1987 dollars. Based on the values of these variables, the Industrial Model

passes back to the NEMS system estimates of fuel consumption for seventeen main fuels

(including feedstocks and renewables) for each of 32 SIC industry groups. The Industrial Model

forecasts energy consumption at the fourCensus region levels; energy consumption is allocated

to the Census division level based on SEDS data, with the shares remaining constant.

The NEMS Industrial Model is an annualenergy forecasting model; as such, it does not model

seasonal variations in fuel demand or fuel prices, for example. The model was designed

primarily for use in applications such as the Annual Energy Outlookand other applications that

examine mid-term energy-economy interactions.

The model can also be used to examine various policy, environmental, and regulatory initiatives.

For example, energy consumption per dollar of output is, in part, a function of energy prices.

Therefore, the effect on industrial energy consumption of policies that change relative fuel prices

can be analyzed endogenously in the model. Currently, industrial carbon emissions are explicitly

accounted for in the model as a function of fuel consumption.

To a lesser extent, the IndustrialModel can endogenously analyze specific technology programs

or energy standards regulations. The model distinguishes among the energy-intensive
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manufacturing industries, the non-energy-intensive manufacturing industries, and the non-

manufacturing industries. The unit energy consumption in the non-energy-intensive industries

is modeled econometrically as a function of relative fuel price ratios and an autonomous trend.

Consequently, the Industrial Model does not currently have the capability to model detailed

technologies or processes for these industries.

A process flow approach, represented by their major production processes or end uses, is used

to model the energy-intensive industries. This approach provides considerable detail about how

energy is consumed in that particular industry. Even using this approach, however, the process

flows are modeled at a high degree of aggregation. Therefore, technologies or processes at the:

same level of aggregation as the model can be endogenously analyzed by changing the relevant

unit energy consumption values for those technologies or processes. For example, the model

can analyze changes at the level of a blast furnace or a pulpingprocess. To model technologies

or processes at a lower level of aggregation, off-line analysis can be performed, and the results

incorporated into the model through the use of engineering judgment.

Energy Information Administration
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Relationship between the Industrial Model and Other NEMS Models

Table 1 shows the Industrial Model inputs from and outputs to other NEMS modules. Note that

all inter-module interactions must pass through the system module.

Table 1. Interaction With Other NEMS Modules

INPUTS From Module

Controlling information (iteration count, present year, System
number of years to be modeled, convergence switch, etc.

Electricity prices Electricity Market Module

Natural gas prices Natural gas supply

Steam coal prices Coal supply
Metallurgical coal prices

Distillate oil prices Petroleum Market Module
Residual oil prices
LPG prices
Motor gasoline prices
Petrochemical feedstock prices
Asphalt and road oil prices
Other petroleum prices

Value of output Macro
Employment
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INPUTS From Module

Ret'mery consumption of: Petroleum Market Module
Natural gas
Steam coal
Distillate oil
Residual oil
LPG

Still gas
Petroleum coke

Other petroleum
Refinery consumption of fuels to cogenerate electricity:

Natural gas
Steam coal
Residual oil
Biomass

Ref'mery electricity consumption:
Purchased electricity
Cogenerated electricity
Electricity sold to the grid

Refinery consumption of renewables
, ,' , _ ...... ,I'--" , • "' , ','_ ,
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Table 1. Interaction with Other NEMS Modules, cont.

OUTPUTS To Module

Industrial consumption of: Supply Modules
Purchasedelectricity
Natural gas
Steam coal
Metallurgical coal
Net coal coke imports
Distillate oil
Residual oil
LPG
Motor gasoline
Kerosene
Petrochemicalfeedstocks
Still gas
Petroleum coke

Otherpetroleum
i , i,

Consumptionof renewables: System
Biomass
Hydropower
Solar/wind/geothermal/etc.

Nonutility generation: Electricity Market Module
Cogeneration of electricity
Electricity sales to the

grid and own use

Carbon emissions System
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_ I

3. Model Rationale
!

Theoretical Approach

Introduction

The NEMS Industrial Model can best be characterized as a dynamic accounting model, because

its architecture attempts to bring together the disparate industries and uses of energy in those

industries, and put them together in an understandable and cohesive framework. This explicit

understanding of the current uses of energy in the industrial sector is used as the framework

from which to base the dynamics of the model.

One of the overriding characteristics in the industrial sector is the extensiveness and the

heterogeneity of industries, products, equipment, technologies, processes, and energy uses.

Adding to this heterogeneity is that the industrial sector as defined at EIA includes not only

manufacturing, but also agriculture, mining, and construction. These disparate industries range

widely from highly energy-intensive activities to non-energy-inteusive activities. Industries are

modeled at a disaggregate level so that changes in composition of the products produced will not

significantly offset accounting of energy consumption. Other industrial modeling approaches

have either lumped together these very different activities across industries or users, or they have

been so disaggregate as to require extensive resources for data development and for running the

model.

Modeling Approach

There are a number of comideratiom that have been taken into account in building the industrial

model. These comideratious have been identified largely through experience with the current

Energy Information Administration
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andpreviousEIA models andwithvariousEIA analyses, throughcommunicationandassociation

with other modelers and analysts,and throughliteraturereview. The primaryconsiderationsare

listed below.

• The industrial model incorporates three major industry categories, consisting of

energy-intensive manufacturing industries, non-energy-intensive manufacturing

industries, and nonmanufacmring industries. The level and type of modeling and

the attention to detail is different for each. Manufacturing disaggregation is at

least at the 2-digit SIC level, with some further disaggregation of the more

energy-intensive industries.

• Eachindustry is modeled as threeseparatebut interrelatedcomponents, consisting

of boilers/steam/cogeneration(BSC), buildings(BLD) andprocess/assembly(PA)

activities.

• The model uses a vintaged capital stock accour,ting framework that models energy

use in new additions to the stock and in the existing stock. The existing stock is

retired based on retirement rates for each industry.

• The energy-intensive industries are modeled with a structure that explicitly

describes the major process flows or major consuming uses in the industry.

• Technology penetration at the level of major processes in each energy-intensive

industry is based upon engineering judgment. A second relationship provides

additional energy conservation due to the effect of changes in energy prices.

• The model structure accommodatesseveral industrial sector activities including:

fuel switching, eogeneration, renewables consumption, recycling, byproduct
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consumption, and carbon emissions. The principal model calculations are

performed at the four Census region levels and aggregated to a national total.

• The implementation of the model is being phased, beginning with the basic

accounting structure and with relatively simple behavioral relationships. Features

and enhancements will be added over time, as needed or appropriate for specific

analyses.

Fundamental Assumptions

The industrial sector consists of a wide variety of heterogeneous industries. The Industrial

Model classifies these industries into three groups by Standard Industrial Classification (SIC) -

energy-intensive industries, non-energy-intensive industries, and non-manufacturing industries.

There are eight energy-intensive manufacturing industries modeled; seven of them are modeled

in the industrial model. They are as follows: food and kindred products (SIC 20); paper and

allied products (SIC 26); bulk chemicals (SIC's 281, 282, 286, and 287); glass and glass

products (SIC's 321,322, and 323); hydraulic cement (SIC 324); blast furnaces and basic steel

products (primarily SIC's 331,332, etc.); and primary aluminum (primarily SIC's 3334, 3341,

3353, 3354, 3355, etc.). Petroleum refining (SIC 2911) is modeled in detail in a separate

module of NEMS, and the projected energy consumption is included in the manufacturing total.

The forecast for Oil and Gas (SIC 1311) lease and plant and cogeneration consumption are

exogenous to the Industrial model, but endogenous to the NEMS modeling system.

Each industry is modeled as three separate but interrelated components consisting of the

process/assembly component (PA), the buildings component (BLD) and the

boiler/steam/cogeneration component (BSC). (See Figure 1). The BSC component satisfies the

steam demand from the PA and BLD components. For the energy-intensive industries, the PA

component is broken down into the major production processes or end uses.

Energy Information Administration
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Figure 1. Industrial Model Components

The flow of energy among the three industrial model components follows the arrows.

Ene,rgy Sources
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Energy consumption in the NEMS Industrial Model is primarily a function of the level of

industrial economic activity. Industrial economic activity in the NEMS system is measured by

the dollar value of output produced by each SIC industry group. The value of output for the

Industrial Model by SIC is provided by the NEMS MACRO Module. As the level of industrial

economic activity increases, the amount of energy consumed to produce the relevant industrial

products typically increases at a slower rate.

The amount of energy consumption reported by the Industrial Model is also a function of vintage

of the capital stock that produces the output. It is assumed that new vintage s*_ockwill consist

of state-of-the-art technologies that are relatively more energy efficient than the average

efficiency of the existing capit:._._,,Jck. Consequently, the amount of energy required to produce

a unit of output using new capital stock is less than that required by the existing capital stock.

The energy intensity of the new capital stock relative to 1990 capital stock is reflected in the

parameter of the Technology Possibility Curve estimated for each of the energy-intensive

industries. These curves are based on engineering judgment of the likely future path of energy

intensity changes.

The energy intensity of the existing capital stock also is assumed to decrease over time, but not

as rapidly as new capital stock. The decline is due to retrofitting and replacement of equipment

due to normal wear and tear. The net effect is that over time the amount of energy required to

produce a unit of output declines. Although total energy consumption in the industrial sector

is projected to increase, overall energy intensity is projected to decrease.

Energy consumption in buildings is assumed to grow at the same rate as employment in that

industry. Energy consumption in the BSC is assumed to be a function of the steam and

electricity requirements of the other two components.
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Industry Disaggregation

Table 2 identifies the industry groups to be modeled in the industrial sector along with their

Standard Industrial Classification I (SIC) code coverage. These industry groups have been

chosen for a variety of reasons. The primary consideration is the distinction between energy-

intensive industry groups (or large energy consuming industry groups) and non-energy-intensive

industry, groups. The energy-intensive industries are modeled in more detail, with aggregate

process flows. The industry categories are also to be as consistent as possible with the

categories which are available from the Manufacturing Energy Consumption Survey (MECS). 2

Table 2 identifies 6 nonmanufacturing industries and 26 manufacturing industries. Within the

manufacturing industries, the seven most energy-intensive industries are modeled in greater detail

in the Industrial Demand Model. Refining (SIC 2911), also an energy-intensive industry, is

modeled elsewhere in NEMS.

Energy Sources Modeled

The NEMS Industrial Model estimates energy consumption for the 32 SIC industries by energy

source (fuels and feedstocks) for 17 energy types. The major energy sources (fuels) modeled

in the Industrial Model are:

• Electricity

• Natural Gas

tThe Standard Industrial Classification (SIC) codes have been modified at various points in time, leading to

occasional difficulties with tracking specific industries over time. In general this is not a problem, but does lead to some
difficulties with matching some databases, including the National Energy Accounts.

2All the two digit industries can be made consistent with the published tables in MECS, but the published MECS
tables do not have subeategories (below 2 digit) that add up to their industry total. Moreover, in cases where there are
subeategories, MECS uses a fairly specific 4-digit industry which is typically at a lower level of detail than that which
is desired for the industrial model. This makes for some difficulty with coordination. There can be coordination at the
2-digit level.
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Table 2. Industry Categories for the EIA Industrial Model a
Level of

Modelinq

NonmanufacturingIndustries
AgriculturalProduction-Crops (SIC 01) ............................................. Aggregate
Other AgdcultureincludingLivestock(SIC 02, 07, 08, 09) ................................ Aggregate
Coal Mining (SIC 11, 12) ........................................................ Aggregate
Oil and Gas Mining (SIC 13) ..................................................... Part External
Metal and Other Non-metallicMining (SIC 10, 14) ..................................... Aggregate
Construction(SIC 15, 16, 17) .................................................... Aggregate

ManufacturingIndustries
Food and KindredProducts (SIC 20) ............................................... Detailed
Tobacco Products(SIC 21) ...................................................... Aggregate
Textile Mill Products(SIC 22) .................................................... Aggregate
Apparel and Other Textile Products(SIC 23) ......................................... Aggregate
Lumber and Wood Products(SIC 24) .............................................. Aggregate
Furnitureand Fzxtures(SIC 25) ................................................... Aggregate
Paper and Allied Industries(SIC 26) ............................................... Detailed
Printingand Publishing(SIC 27) .................................................. Aggregate
Chemicals and Allied Products(SIC 28) ............................................. -

Bulk Chemicals(SIC 281,282, 286, and 287) ....................................... Detailed
Other Chemicals and Allied Products (SIC 283, 284, 285, 289) .......................... Aggregate

Petroleum and Coal Products(SIC 29) ............................................. -
Petroleum Refining (SIC 2911) .................................................. External
Asphalt, Coal and MiscellaneousProducts(SIC 295, 299) .............................. Aggregate

Rubber and Miscellaneous Plastic Products(SIC 30) ................................... Aggregate
Leather and Leather Products(SIC 31) ............................................. Aggregate
Stone, Clay and Glass Products(SIC 32) ............................................ -

Glass and Glass Products(SIC 321,322, 323) ...................................... Detailed
Cement, Hydraulic (SIC 324) ................................................... Detailed
Other Stone and Clay Products (SIC 325, 326, 327, 328, 329) .......................... Aggregate

Primary Metals Industries(SIC 33) ................................................ -
Blast Furnace & Basic Steel Products(primarilySIC 331,332, etc.) ...................... Detailed
Primary Aluminum(primarily SIC 3334, 3341, 3353, 3354, 3355, etc.) ..................... Detailed
Other Primary Metals Products(SIC 333-336, 339, withabove exceptions) ................. Aggregate

Fabricated Metal Products (SIC 34) ................................................ Aggregate
IndustrialMachinery and Equipment(SIC 35) ......................................... Aggregate
Electronic& Other Electric Equipment(SIC 36) ....................................... Aggregate
TransportationEquipment(SIC 37) ................................................ Aggregate
Instruments and Related Products(SIC 38) .......................................... Aggregate
Miscellaneous ManufacturingIndustries(SIC 39) ...................................... Aggregate

aNot all possibleSIC numbersare used in the SIC classificationscheme. For example, there is no SIC 03, 04, 05 or06. There
are also difficultieswith the definitionof some of the categoriesfor use in the industrialmodel. Forexample, the most difficult
category isprimaryaluminum. It is definedin the SIC classificationasa four-digitindustnjunderprimarymetals, butthisrepresents
only part of what is generally understoodto be the aluminumindustry. This four-digit code does not representthe manufacture
of alumina from bauxitewhich is a significantenergyconsumer. The aluminaactivityis in the chemical industryunderSIC 2819.
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• Steam Coal

• Distillate Oil

• Residual Oil

• LPG for heat and power

• Other Petroleum

• Renewables

• Motor Gasoline

Otherenergysourcesthatareusedinspecificindustriesarealsomodeled:

• Natural Gas Feedstock

• Coking Coal (including net imports)

• LPG Feedstock

• Pe_ochemical Feedstocks

• Asphalt and Road Oil

• Still Gas

• PetroleumCoke

• Other Petroleum Feedstocks

In the model, byproduct fuels are always consumed before purchased fuels.

Key Computations

Thekeycomputationsof theIndustrial ModelaretheUni.'tEnergyConsumption(UEC) estimates

made foreachSIC industrygroup.UEC isdefinedastheamountofenergyrequiredtoproduce

one dollar'sworthofoutput.The overallmodelingapproachpositsa puttyclayprocessof

investmenttodeterminingUEC's. Thismeans thatbeforea pieceofequipmentorindustrial

processisinstalled,thefactorinputsmay befreelyvariable.Thus,thecombinationofenergy
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and other factor inputs will be chosen to minimize costs (for a given output level) based on the

current price expectations. However, after installation the capital has become clay, and factor

proportions cannot be changed without additional investment. This characterization of the

industrial expansion process leads to the notion that the existing capital stock has limited

variation of input ratios of energy versus other factors, but when new capital is added the input

ratios are freely variable. Distinguishing between the characteristics of the process when new

capital equipment is put into place and the characteristics of the process with existing capital

equipment is done with a vintage-based accounting procedure.

The modeling approach incorporates technical change in the production process to achieve lower

energy intensity. Autonomous technical change can be envisioned as a leami.ng-by-doing process

for existing technology. As experience is gained with a technology, the costs of production

decline. Autonomous technical change is the most important source of technical change in the

industrial sector. The reason is that few industrial innovations are adopted solely because of

their energy consumption characteristics; industrial innovations are adopted for a combination

of factors, many of which are hard to quantify. These factors include process changes to

improve product quality, changes made to improve productivity, or changes made in response

to the competitive environment. These strategic decisions are not readily amenable to economic

or engineering modeling at the level of disaggregation in the Industrial Model (For example, see

[67]).

Modeling the changes to UEC is one of the main features of the Industrial Model. The

methodology for performing the estimation differs, however, both among the components of the

model and between the energy-intensive and non-energy-intensive industries. The following

sections describe the methodology for each of the components in more detail.

Energy lnformatien Administration

NEMS Industrial Demand Model Documentation Report 17



Buildings Component UEC

Buildings are estimated to account for 3 percent of energy consumption in manufacturing

industries [30]. (In non-manufacturing industries, building energy consumption is assumed to

be negligible.) This estimate is based on a combination of an ISTUM model run and a study

on industrial building energy use prepared by Hagler-Bailly [49]. In reality, however, there is

very little actual data on which to base accurate estimates. Consequently, the modeling approach

is a parsimonious one. Energy consumption in industrial buildings is assumed to grow at the

same rate as employment in that industry. This assumption appears to be reasonable since

lighting and HVAC are used primarily for the convenience of h_maans rather than machines.

Estimates of 1990 manufacturing sector (SIC 20-39) building UEC's are presented in Table E-1

in Appendix E. The subroutines and equations used to forecast industrial buildings energy

consumption are shown on page B-4 in Appendix B.

Process and Assembly Component UEC

The process and assembly component accounted for the largest share of direct energy

consumption for heat and power in 1990 - 54 percent. Of the total, natural gas accounts for 33

percent, electricity for 29 percent, and byproducts 20 percent of the total [30].

Estimation of the PA component UEC's differs accordingto whether the industry is an energy-

intensive industry or a non-energy-intensive industry. UEC's for the non-energy-intensive

industries are estimated using econometric techniques. For the energy-intensive industries, the

econometric estimates are replaced by engineering data relating energy consumption to the

product flow through the process steps in each industry. In addition, engineering judgment is

also used to characterize autonomous change in the energy-intensive industries through the use
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of Technology Possibility Curves. Each of these methods is discussed in the following sections.

The subroutines and equations for the PA component begin on page B-5 in Appendix B.

Non-Energy-/ntensive Industry UEC Estimation

The formulation to estimate UEC's for the non-energy-intensive industries incorporates price-

induced energy intensity changes and autonomous efficiency trends in a single economically

motivated equation. The resulting equation shows that the change in UEC results from a

combination of autonomous and price-induced technical change. One process operates on the

existing stock (or technology). It is expected that small but measurable efficiency gains can be

obtained even with the existing technology. The other process operates through the

incorporation of new technology and current price expectations in the production process.

The price-induced technical change can be represented as a function of price changes. 3 The

autonomous change is somewhat more problematical. However, one may argue that as

equipment using the current technology undergoes maintenance and refurbishing that the

tendency is to incorporate the latest version of the equipment being replaced. Usually, the latest

versions consume energy somewhat differently. The autonomous trend can be represented as

a function of cumulative output from existing technology. The resulting equation takes the

following form:

t-I /132(/UEC:.,=. I:., . ,,95s_ I (1)
UECf, 1958 Pf, 1958 01958 )

3A similar formulation is found in [87].
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where:

UECI., = Unit energy consumption for fuel f in year t,

UECI,195s = Unit energy consumption for fuel f in year 1958,

PI,t = Price of fuel f in year t, in 1987 dollars,

P:loss = Price of fuel f in year 1958, in 1987 dollars,

0.195s = Output in year 1958, in 1987 dollars,

Qi = Output in year i.

The _ parameter captures the effects of influences on the UEC that are not specified in the

model.

In double log form, this formulation leads to estimated elasticities as follows:

The estimated /3f and /3, would then represent the UEC elasticity for price-induced and

autonomous change, respectively. The/3f are expected to be less than zero, but/32 may be

positive or negative. Similar UEC elasticities are estimated for natural gas, petroleum products,

and coal. The baseline (1988) PA component UEC values for the non-manufacturing and the

non-energy-intensivemanufacturingindustries are given in Appendix E Table E-2.A. and Table

E-2.B., respectively. The regression parameter estimates _f and/30 that are used in the model

to modify the baseline UEC values and the statistical properties of these estimators are given in

Table E-15 in Appendix E. In Table E-15,/32 is identified by RCUMOUT. Obviously, not all
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variables appear in each equation. The consumption, output, and price input data for the

regressions can be found in Appendix E Tables E-22A through E-22D.

Energy-Intensive Industry UEC Estimation

For the seven most energy-intensive industries, energy consumption for the PA component is

modeled according to the process flows in that industry. The industries are food and kindred

products, paper and allied products, blast furnaces and basic steel products, primary aluminum,

bulk chemicals, hydraulic cement, and glass and glass products industries. (Petroleum refining

is also a major energy consuming industry but it is being modeled elsewhere in NEMS.)

To derive energy use estimates for the process steps, the production process for each industry

was first decomposed into its major steps, and then the engineering and product flow

relationships among the steps were specified. The process steps for the seven industries were

analyzed according to one of the following methodologies:

Methodology 1. Developing a process flowsheet and estimates of energy use by process step.

This was applicable to a number of industries where the process flows could be fairly well

defined for a single broad product line by unit process step (blast furnace and basic steel

products, primary aluminum, hydraulic cement, glass and glass products, and paper and allied

products).

Methodology 2. Developing end use estimates by generic process units as a percent of total use

in the PA component. This was especially applicable where the diversity of end products and

unit process is extremely large (food and kindred products, and bulk chemicals).

In both methodologies, major components of end use are identified by process for various energy

sources:
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• Fuels;

• Electricity (valued at 3412.0 Btu/Kwh);

• Steam; and

• Non-fuel energy sources.

The following sections present a more detailed discussion of the process steps and unit energy

consumption estimates for each of the energy-intensive industries. The data tables showing the

estimates are presented in Appendix E, and are referenced in the text as appropriate. The

process steps are model inputs with the variable name INDSTEPNAME, and are also listed on

page A-59 of this report.

Food and Kindred Products (SIC 20)

The food and kindred products industry is the largest (with the exception of transportation, SIC

37) of the twenty manufacturing industry sectors with regard to the value of annual shipments.

The energy use profile has been divided into the nine sectors according to the food industry's

3-digit SICs: SIC 201, Meat Products; SIC 202, Dairy Products; SIC 203, Preserved Fruits and

Vegetables; SIC 204, Grain Mill Products; SIC 205, Bakery Products; SIC 206, Sugar and

Confectionery Products; SIC 207, Fats and Oils; SIC 208, Beverages; and SIC 209,

Miscellaneous Foods and Kindred Products.

The 1992 Arthur D. Little supplement to "Energy Use for Industry" served as a basis for the

1988 values. Since the ADL supplement was based on 1985 data, the values were estimated for

1988 by multiplying by a ratio of 1988 MECS data to 1985 MECS data. The portion of "other

electricity" reported in the ADL supplement (January 1992) which can be attributed to the BLD

component was subtracted using proportions from EIA 1988 data. The UEC for the PA

component of the food and kindred products industry is expressed in terms of trillion YJ,_aper

billion dollars of output.
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The food and kindred products industry consumed approximately 996 trillion Btus of energy in

1988 [43]. Energy use in the food and kindred products industry for the PA Component was

estimated on the basis of end-use in four major categories:

• Steam or hot water;

• Direct fuel used in a process such as in grain drying or directly f'tred ovens;

• Electrical energy used in refrigeration; and

• Other electric energy.

Figure 2 portrays the PA component's end-use energy flow for the food and kindred products

industry. The UEC's estimated for this industry are provided in Table E-3, Appendix E. Note

that the steam/hot water use shown in the table represents the energy content of steam that is

used in the industry sub-sector (i.e., boiler losses and efficiencies are not included in these

tables). The dominant end-use was steam (and hot water), which accounted for 57 percent of

the total energy consumption. Direct fuel use made up about 21 percent. Electric energy was

primarily used for motors, pumps and drives, contributing 18 percent of the energy consumption

and refrigeration accounting for about 4 percent.

paper and Allied Products (SIC 26)

The paper and allied products industry's principal processes involve the conversion of domestic

wood fiber to pulp, and then paper and board to consumer products that are generally targeted

at the domestic marketplace. Aside from dried market pulp, which is sold as a commodity

product to both domestic and international paper and board manufacturers, the industry produces

a full line of paper and board products. Figure 3 illustrates the major process steps for all pulp

and paper manufacturing. The wood is prepared by removing the bark and chipping the whole

tree into small pieces. Pulping is the process in which the fibrous cellulose in the wood is
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Figure 2. Food and Kindred Products Industry End-Use Flow
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Figure 3. Paper and Allied Products Industry Process Flow
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removed from the surrounding lignin. Pulping can be conducted with a chemical process (e.g.,

Kraft, sulfate) or a mechanical process. (In addition, a semi-chemical process is also available.)

The pulping step also includes processes such as drying, liquor evaporation, effluent treatment

and miscellaneous auxiliaries. Bleaching is required to produce white paper stock.

Paper and paperboard making takes the pulp from the above processes and makes the f'mal paper

and paper board products. The manufacturing operations after pulp production axe similar for

each of the paper end-products even though they have different desired characteristics imparted

by the feedstocks (fibers furnished) and specific processes used, i.e. texture, strength, whiteness.

The processes in the paper-making step include papermaking, converting/packaging,

coating/redrying, effluent treatment and other miscellaneous processes.

In 1988, a total of 76 million tons of paper and paperboard products were produced. The major

paper products include woodfree printing paper, groundwood printing paper, newsprint

paper,tissue paper and packaging paper. The major paper board products include kraft

paperboard, corrugating medium and recycled paperboard. Of the total 76 million tons of

product, 62 percent were produced from kraft chemical process, 5 percent from semi-chemical,

25 percent from waste fibers and 8 percent from mechanical (groundwood). The average unit

energy consumption estimated for this industry is ,Aightly over 28 million Btu/ton of final

product. The unit energy use estimates for this industry are provided in Table E-4, Appendix

E. The largest component of this energy use is in the paper and paper board making process

step and kraft pulping step, accounting for 40 percent each. The three types of kraft pulp

(bleached, unbleached and market) were combined and presented as a weighted average. Use

of recycled paper as the feedstock for the waste fiber pulping step was also taken into account.

Of the four pulping processes, it was assumed in the model that capacity additions would be in

the following proportions: kraft pulping - 58.6 percent waste fiber pulping - 36.8 percent; semi-

chemical pulping - 2.8 percent; and mechanical pulping - 1.7 percent [31]. The regional

distribution for each technology is shown in Table E-17 in Appendix E.
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Bulk Chemical Industry. (SI.C281,282, 286, and 287)

The bulk chemical sector is very complex. Industrial inorganics and industrial organics axe the

basic chemicals, while plastics, agricultural chemicals, and other chemicals are either

intermediates or final products. The chemical industry is estimated to consume 21 percent (4.4

quadrillion Btu) of the total energy consumed in the manufacturing sector. This industry also

is a major energy feedstock user and a major cogenerator of electricity.

The complexity of the bulk chemical industry, with its wide variety of products and use of

energy as both a fuel and feedstock, has led to an end-use modeling approach. The unit energy

consumption in the PA component for the bulk chemical industry is shown in Table E-5 in

Appendix E. The end-use flow for the industry is shown in Figure 4. From an energy use

viewpoint, four 3-digit SIC sectors dominate the bulk chemical industry:

SIC 281, Industrial Inorganic Chemicals;

SIC 282, Plastic Materials and Resins;

SIC 286, Industrial Organic Chemicals, which can be produced from a variety of
feedstocks; and

SIC 287, Agricultural Chemicals.

Of the 25 top energy consuming chemicals, five were inorganic chemicals. Chemical and

Engineering News (4/90) listed four of these five substances among the top 50 for production

in 1988. One hundred billion pounds of chlorine, sodium hydroxide, sodium carbonate (Trona,)

and oxygen were produced in 1988 alone. Sulfuric acid and calcined gypsum were also

produced in significant quantities (84.28 and 34.55 billion lbs, respectively) in 1988.
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Figure 4 Bulk Chemical Industry End-Use Flow
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These five chemicals alone accounted for the use of 507 trillion Btu in 1988, representing 32

percentof the chemical industrybeing studied. The energy consumptionin the bulk chemicals

industrywas fairly evenlydivided between the four majorend uses. Steam madeup 34 percent,

electricitymadeup 24 percentandelectrolytic and directfuels each contributed21 percent [31].

Glass and Glass ProductsIndustry(SIC 321,322, 323)

i

The energy use profile has been developed for the total glass and glass products industry, SIC

321,322, and 323. The glassmaking process contains four process steps: batch preparation,

melting/ref'ming, forming and post-forming. Figure 5 provides an overview of the process steps

involved in the glass and glass products industry. While scrap (cullet) and virgin materials are

shown separately, this is done to separate energy requirements for scrap versus virgin material

melting. In reality, glassmakers generally mix cullet with the virgin material.

In 1988, the glass and glass product industry produced approximately19 million tons of glass

products. As notedby the Departmentof Commerce, this 19 million tons comists of 4.3 million

tons of flat glass, 10.8 million tons of container glass, 1.8 million tons of pressed and blown

glass, and 2.4 million tons of fiberglass.

The glass and glassproduct industry consumed approximately270 trillion Btus of energy in 1988

as identified in the 1988 Manufacturing Consumption Survey. This accounts for 28 percent of

the total energy consumed in the stone, clay and glass industry. The fuel consumed is

predominantly for direct fuel use; there is very little steam raising. This direct fuel is used

mainly in furnaces for melting. Table E-6 in Appendix E shows the unit energy consumption

values for each process step. The unit consumption energy values are presented in MMBtu per

ton of process step product.
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Figure 5. Glass and Glass Products Industry Process Flow
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Hydraulic Cement I,ndustr3'(SIC 324)

The hydraulic cement industry uses raw materials from quarrying and mining operations which

are sent through crushing and grinding mills and then convened to clinker in the clinker

producing step. This clinker is then ground to produce cement. The industry produces cement

by two major processes: the long-wet process and the dry process. The dry process is less

energy-intensive than the wet process. As a result, the long-wet process is obsolescent, and it

is projected in the model that all new plants will be based on the dry process. Figure 6 provides

an overview of the process steps involved in the hydraulic cement industry.

The Portland Cement Association noted that in 1988 the hydraulic cement industry produced

76.9 million tons of cement, of which 73.3 million or 95 percent was Portland cement with the

remaining 3.6 million tons being masonry cement. Since cement is the primary binding

ingredient in concrete mixtures, it is used in virtually all types of construction. As a result, the

U.S. demand for cement is highly sensitive to the levels of construction activity. The wet

process accounted for 34 percent of production, while the dry process accounted for about 60

percent, with the difference being accounted for by imported clinker (6 percent).

The hydraulic cement industry exhibits one of the highest unit energy consumption values

(MMBtu/dollar value of output) in the U.S. industrial sector. The industry consumed

approximately 454 trillion Btus of energy in 1988 as identified in the 1988 Manufacturing

Consumption Survey. This accounts for 47 percent of the energy consumed in the stone, clay

and glass industry. Direct fuel, used in clinker-producing kilns, accounted for 89 percent of the

total energy consumption, with the remaining 11 percent attributed to electricity. The electricity

consumed is used to operate crushing and grinding equipment, materials handling equipment,

machine drives and pumps and fans.

The wet process requires significantly larger amounts of energy which can be largely attributed

to fuels used to dry the feed. While wet grinding is known to require less energy than dry
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Figure 6. Hydraulic Cement Industry Process Flow
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grinding, the entire wet process has longer kilns, requiring greater energy use than the dry

process to drive them. Higher air flows, larger pollution control devices, and generally older

facilities lead to slightly larger estimated electric energy use for the wet process.

The UEC values for each process in the hydraulic cement industry are shown in Table E-6,

Appendix E. As noted previously, it is assumed that all new hydraulic cement capacity will be

based on the dry process. The regional distribution of hydraulic cement production processes

is presented in Table E-17 in Appendix E.

Blast Furnace and Basic S.teel.Products Industry (SiC 331,332. etc.)

The blast furnace and basic steel products industry includes the following six major process

steps:

Agglomeration;

Cokemaking;

Iron Making;

Steel Making;

Steelcasting; and

Steelforming.

Steel manufacturing plants can be divided into two major classifications: integrated and non-

integrated. The classification is dependent upon the number of the above process steps that are

performed in the facility. Integrated plants perform all the process steps, whereas non-integrated

plants, in general, perform only the last three steps.

For the Industrial Demand Model, a process flow was developed to classify the above six

process steps into the five process steps around which unit energy consumption values were

Energy Information Administration

NEMS Industrial Demand Model Documentation Report 33



estimated. Figure 7 shows the process flow diagram used for the analysis. The agglomeration

step was not considered because it is not part of the SIC 33 (it is part of mining). Iron ore and

coal are the basic raw materials which are used to produce iron. A simplified description of a

very complex industry is provided below.

Iron is produced in the Blast Furnace (BF), which is then charged into a Basic Oxygen Furnace

(BOF) or Open Hearth (OH) to produce raw steel. The OH now is becoming obsolete;

however, it was used to some extent in 1988. The Electric Arc Furnace (EAF) is utilized to

produce raw steel from an all steel scrap charge.

The raw steeliscastintoingots,blooms,billetsorslabs,some ofwhicharemarketeddirectly

(e.g.,forginggradebillets).The majorityisfurtherprocessed("hotrolled")intovariousmill

products.Some ofthesearesoldashotrolledmillproducts,whilesome arefurthercoldrolled

toimpartsurfacefinishorotherdesirableproperties.

In 1988,theU.S. steelindustryproducednearly100 milliontonsofraw steelutilizingthe

BF/OH, BF/BOF andtheEAF. Takingprocessyieldsintoaccount,thetotalamountofproduct

shipmentswas approximately85 milliontons.The EAF accountedfor37 percentoftheraw

steelproduction,whercastheBF/BOF accountedfor58 percentand theBF/OH for5 percent.

Continuouscastingwas utilizedfor60percentoftheproducts,and ingotcastingfor40 percent.

Finalconsumptionwas made up of about2.4percentingot,billets,blooms,and slabs,37

percentcoldrolledproducts,and60.6percenthotrolledproducts.

Table E-8 in Appendix E summarizes UEC estimates by process step and energy type for the

blast furnace and basic steel products industry. The largest category for energy use is coal,

followed by liquid and gas fuels. Coke ovens and blast furnace also generate a significant

amount of byproduct fuels (denoted by a negative number in Table E-8) which are used

throughout the steel plant. For the integrated producers, it is assumed in the model that all new
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Figure 7. Blast Furnace and Basic Steel Products Industry Process Flow
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capacity additions will be the blast furnace/basic oxygen furnace technology; open hearth

furnaces are obsolete and no new open hearths will be built. The regional distribution of steel-

making technologies is presented in Table E-17, Appendix E.

P_a_,, Aluminum Industry (SIC 3334)

The U.S. primary aluminum industry consist of two majors sectors: the primary aluminum

sector, which is largely dependent on imported bauxite and alumina as raw materials; and the

secondary sector, which is largely dependent on the collection and processing of aluminum

scrap. The primary and secondary aluminum industries generally cater to different markets.

Traditionally, the primary industry bought little scrap and supplied wrought products, including

sheet, plate and foil. The secondary industry is scrap-based and supplies foundries that producedie, permanent mold, and sand castings. In the past decade, the primary producers have been

moving aggressively into recycling aluminum, especially used beverage cans, into wrought

products. Figure 8 provides an overview of the process steps involved in the aluminum

industry.

The primaryaluminum industrymodeledintheIndustrialModel generallyaccountsforthe

energyusedinSIC 3334,aluminarefineriesandprimaryaluminumsmelters.Inthefuture,the

followingSIC'swillalsobe explicitlyaccountedfor:

SIC 3353: Aluminum sheet, plate, and foil;

SIC 3354: Aluminum extruded products;

SIC 3355: Aluminum rolling and drawing, n.e.c.; and

SIC 3341: Secondary Aluminum.

Domestic aluminum production plus aluminum ingot imports resulted in about 6.6 million tons

of semi-fabricated product shipments from U.S. plants. Secondary (scrap-based)
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Figure 8. Primary Aluminum Industry Process Flow
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operations added another 1.05 million tons. Total shipments were about 7.6 million tons. The

primary industry produced approximately 4.3 million tons of aluminum products in 1988.

The UEC estimates developed around the process steps shown in the process flow diagram are

presented in Table E-10 in Appendix E. As shown in the table, the alumina smelting process

is the most energy-intensive of the four process steps. The primary form of energy used is

electricity, which accounts for 58 percent of the total, with fuel accounting for 35 percent and

steam accounting for 7 t_rcent. The majority of the fuel for processing alumina and aluminum

is used in kilns, furnaces and ovens. The regional distribution of smelters in the primary

aluminum Industry is presented in Table E-17 in Appendix E.

Boiler, Steam, Cogeneration Component Share

The boiler, steam, cogeneration (ESC) component consumes energy to meet the steam demands

from the other two components and to provide internally generated eiectricity to the buildings

and process and assembly components. The boiler component consumes fuels and renewable

energy to produce the steam and, in appropriate situations, cogenerate electricity. The

subroutines and equations for the BSC component begin on page B-32 in Appendix B.

The boiler component is estimated to consume 44 percent of total industrial energy consumption.

Within the BSC component, natural gas accounts for 35 percent, coal 14 percent, and petroleum

products 8 percent. Most of the remainder (38 percent) is accounted for by waste or byproduct

consumption. The basis of these estimates is Dun & Bradstreet's Major Industrial Plant

Database (MIPD) for 1989. No other data from which to derive estimates exist for the BSC

component. Estimates of 1990 BSC component shares are presented in Table E-10 in Appendix

E.
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The steam demand from the PA and BLD components is passed to the BSC component, which

then applies a heat rate and fuel share elasticities to compute the required energy comurnption.

The heat rate is estimated from MECS and the MIPD. The fuel share elasticities for the BSC

component are from [25], and are presented in Table E-11 in Appendix E. The estimates were

used for both the energy-intensive and non-energy-intensive industries.

Cogeneration (the generation of electricity and steam) has been a standard practice in the

industrial sector for many years. The cogeneration model within the Industrial Model is an

econometrically estimated set of recursive equations in log-log form. The first equation relates

on-site electricity generation to industrial steam demand. The second equation then relates

industrial electricity generation for own use to total electricity generated.

Parameter estimates for the cogeneration model are based on regressions from a panel of pooled

time series and cross sectional data. The data source is EIA Form EI-867, consisting of data

from approximately 400 cogenerators over the years 1989 to 1991. The regression results are

presented in Table E-16, Appendix E.

Technology Possibility Curves and Relative Energy/ntensities

Future energy improvements were estimated for old (retrofit) and new processes/plants. The

data used to determine the energy savings was obtained from:

DOE reports;

DOE memorandum - "Review of Industrial 'Technologies";

Selected industry contacts;

Arthur D. Little, Inc. in-house sources; and

Other readily available data sources (included in the bibliography).
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The energy improvements for old plants as a group consist of gradual improvements due to

housekeeping/energy conservation measures, retrofit of selected technologies, and the closure

of older facilities leaving the more efficient plants in the "operating pool". The energy savings

for old processes/plants were estimated using data available in the above sources and engineering

judgment on how much energy conservation savings were reasonably achievable in each

industry. The estimated annual energy savings values for energy conservation measures are

modest (up to 0.5 percent per year).

The above data sources also were used to estimate the unit energy consumption values for the

state-of-the-art (SOA) and advanced technologies. SOA technologies are the latest proven

technologies that are available at the time there is a commitment made to build a new plant.

These values were then compared to the unit energy consumption values for 1988 to develop a

relative energy intensity (REI). Relative energy intensity is def'med as ratio of energy use in a

new or advanced process compared to 1988 average energy use. Time frame estimates are also

provided for when these improvements will take place (see Table E-12, Appendix E).

The savings shown in the appendix for the listed technologies represent savings over "average"

1988 energy use and SOA energy use. The latter increases are due to the gradual

commercialization of advanced technologies. Advanced technologies are ones which are still

under development and will be available at some time in the future. Where a range is shown

for the savings, it was assumed that the lower end of the savings range would start to be realized

in the beginning of the time frame, the midpoint of the savings would be realized at the end of

the time frame, and the upper end of the savings range would not be realized until 10 or more

years after the time frame shown. An energy savings range is most often given when multiple

technologies will be becoming available in the future for the same process step or product line.

The savings range represents engineering judgment of the most likely achievable savings. In

these instances, it is uncertain which specific technologies will be implemented, but it is

reasonably certain that at least one of these technologies or a similar technology is likely to be
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successful. It is also recognized that in some instances thermodynamic limits are being

approached which will prevent further significant improvements in energy savings.

The improvements for new plants assumes the plant has been built with the SOA technologies

available for that process. SOA technologies are the latest proven technologies that are available

at the time there is a commitment made to build the plant. A second and often more important

set of substantial improvements are often realized when advanced technologies become available

for a certain process. Often one sees a number of technologies being developed and it is

difficult to ascertain which specific technologies will be successful. Some judgment is necessary

as to the potential for energy savings and the likelihood for such savings to be achieved. All

the energy improvement values are based on 1988 energy usage.

Additionally, even SOA technologies and advanced technologies can at times be expected to

show improvements once developed as the process is debottlenecked, optimal residence times

and temperatures are found, and better energy recovery techniques are installed. Depending on

the process, these are factored into the projections as slow improvements ranging from zero to

about 0.5 percent/year. However, once a process is installed in a new plant, it is assumed that

its energy use per unit of output remains constant. Old plants, however, are assumed to be able

to economically justify some retrofits and for other reasons listed above, to show slow

improvements over time in their unit energy use. Based on engineering judgment, it is assumed

that by 2015, old processes (1988 stock) still operating can achieve up to 50 percent of the

energy savings of SOA technology [31]. Thus, if SOA technology has an REI of 0.80, old

processes in the year 2015 will have an REI of 0.90.

With a few exceptions (noted as appropriate in Appendix E), it was assumed that the REI for

all energy sources decrease in proportion to the total. Thus, if the total REI for a new

technology is 0.90, it was assumed that the relative energy intensity for natural gas, oil, coal,

or electricity are all 0.9. When the new technology uses a very different energy mix than the

existing technology, it is so noted.
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The methodology described above was applied by Arthur D. Little, Inc. The initial results for

a process step in an industry consist of a scatter of points where the Y-axis is the REI and the

X-axis is time from 1990 to 2015. Thus, the scatter might indicate that the REI is 0.9 in 1997,

0.8 in 1999, and 0.5 in 2007. As a convenience for modeling purposes, a least squares line was

fitted through these points (using natural logarithms) so that the resulting slope coefficient (i.e.,

the TPC) could be used rather than a step function. (The TPCs are given in Appendix E.

However, since there is no particular meaning to measures of fit for this exercise, they are not

given in Appendix E.)

Table E-13 in Appendix E lists the REI's for old and new plants, by process step, for the seven

energy-intensive industries. The REI is defined as the ratio of energy use in a new or advanced

process compared to the 1988 old plant average energy use which has been normalized to a

value of 1.0. The list of SOA and advanced technologies considered in the analysis is presented

in Table E-12, Appendix E.

Where the relative amounts of different energy sources changes with time, a separate equation

was estimated for each energy source. The procedure for calculating UEC's over time includes

establishing the energy sources used as a fraction of the total for each process step, as shown

in Table E- 14 in Appendix E.

Assumptions

Capital Stock and Vintaging

Industrial energy consumption is affected by increased energy efficiency in new and old plants,

the growth rate of the industry, and the retirement rate for old plants. The efficiency changes

are captured in the /3_estimated in equation 2, and the rate of growth is given by the
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Macroeconomic module. (Retirement rates from the Census Bureau and vintaging information

are very sketchy.) At present, the capital stock is grouped into three vintages: old, middle, and

new. The old vintage consists of capital in production prior to 1991 and is assumed to retire

at a fixed rate each year. Middle vintage capital is that which is added from 1991 through the

lag of the forecast year. New production is added in the forecast years when existing production

is less than the output forecasted by the NEMS Regional Macroeconomic Model. Capital

additions during the forecast horizon are retired in subsequent years at the same rate as the pre-

1991 capital stock. The retirement rates used in the Industrial Model for the various industries

are listed in Table E-18 in Appendix E.

Renewable Fuels

Renewable fuels are modeled in the same manner as all other fuels in the industrial model.

Renewable fuels are modeled both in the PA component and the BSC component. The primary

renewable fuels consumed in the industrial sector are pulping liquor, a byproduct of the chemical

pulp process in the paper industry, and wood. Hydropower is also modeled in the industrial

model, while geothermal, solar thermal, photovoltaic, wind and municipal solid waste are

estimated in the NEMS Renewable Energy Module.

Recycling

With projected higher landfill costs, regulatory' emphasis on recycling, and potential cost

savings, recycling of post-consumer scrap is likely to grow. Projecting such growth, however,

is highly dependent on assessing how regulations will be developed, the growth of the economy,

and quality related issues dealing with recycled materials. To assess the potential for recycling

in the industrial sector, industry experts were canvassed to obtain the best judgment on the future

of recycling for the Paper and Allied Products and Blast Furnace and Basic Steel Products
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industries. The estimates obtained for these industries are shown in Table E-19 in Appendix E.

Legislative Implications

The Energy Policy Act of 1992 (EPACT) and the Clean Air Act Amendments of 1990 (CAA)

contain several implications for the industrial model. These implications fall into three

categories: coke oven standards, efficiency standards for boilers, furnaces and electric motors,

and industrial process technologies. The industrial model assumes the leakage standards for coke

oven doors do not reduce the efficiency of producing coke, or increase unit energy consumption.

The industrial model uses heat rates of 1.25 (80 percent efficiency) and 1.22 (82 percent

efficiency) for gas and oil burners respectively [32]. These efficiencies meet the EPACT

standards. The standards for electric motors call for an increase of 10 percent efficiency. The

industrial model incorporates a 10 percent savings for SOA motors increasing to 20 percent

savings in 2015. Given the time lag in the legislation and the expected lifetime of electric

motors, no further adjustments are necessary to meet the EPACT standards for electric motors.

The industrial model incorporates the necessary reductions in unit energy consumption for the

energy-intensive industries.

Emissions

Industrial emissions are modeled for total carbon. The emissions factors [43] that are utilized

to compute the emissions levels are consistent with those used throughout NEMS. The factors

are assumed to be constant throughout the forecast horizon. The carbon emission factors used

in the model are presented in Table E-20 in Appendix E.
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Fuel Switching

In the Industrial Model, seasonal fuel switching is not considered because it is an annual model.

Most observable fuel switching is seasonal and is difficult or impossible to detect with annual

data. In the BSC component, all natural gas consumption is interruptible, i.e., switchable.

Presumably, most of the switching that occurs here is seasonal and unobservable with annual

data and prices. Fuel switching is implemented in the model by allowing the share of fuels in

existing boilers to shift based on the short-run fuel share elasticities discussed above.

Benchmarking

The 1990 Industrial Model energy demand forecasts are benchmarked to actual 1990 and 1991

State Energy Data System (SEDS) values to ensure that the model forecasts for 1990 coincides

with the SEDS consumption data. The benchmark factors are based on the ratio of the SEDS

value of consumption for each fuel to the consumption calculated by the model at the census

division level. (The average of the benchmark factors for 1990 and 1991 is applied to all future

years.) The difference in energy consumption between the benchmarked consumption and

forecasted model consumption is accounted for in the "Other Industry" category. Benchmarking

is accomplished in Subroutine IBSEDS, described on page 120.

Alternative Approaches

This section discusses the previous EIA industrial model, as well as other industrial modeling

approaches that are currently in use or have been recommended for use at EIA.
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Previous EIA Industrial Model

The previous EIA industrial model used an econometric approach based on historical patterns

of individual fuel and electricity uses in a variety of manufacturing and nonmanufacturing

industries [44]. When the model was originally constructed, the time frame of the forecasting

was for the next 10 years and provided the appropriate requirements. These requirements

consisted primarily of forecasting and not of policy and technology analysis. Subsequently, the

forecasting time frame was extended to 20 years and the econometric modeling approach became

less appropriate.

The Intermediate Future Forecasting System (IFFS) industrial model estimates the consumption

of each fuel or electricity in each of 11 industries independently, by using historical data from

the period 1958 through 1985. Each of these energy consumption equations uses independent

variables consisting of value of industry output, energy prices, and the lagged (one time period)

level of energy consumption. For a relatively short forecast period of time, these equations can

perform very well. However, they are lacking in substitution effects, not only in terms of the

overall production function and the factor inputs of capital, labor and materials, but also in terms

of substitution between various forms of energy. In general, the price estimations did not

provide for significant cross price coefficients. In addition, the equations were estimated in log-

linear transformations which can cause problems in a long-term forecast. Moreover, the lagged

consumption terms can cause accumulating problems if they start going off on the wrong track.

One further difficulty with the IFFS model is the insufficient ability of the model to address and

assess new policies and/or issues and discrete changes in industry.

The primary advantages of the NEMS model are that:

• The model uses all available data and at the industry specific level as much as

possible.
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• The model is sensitive in expected directionsand degrees to changes in energy

prices and to changes in the level of industryoutput.

• The model equations are directly explainable and understandable and the

relationships are straightforwardand intuitive.

The model also includes additionalalgorithmsor inputsfor nonutilitygenerationof electricity,

consumption of renewableenergy, and calibration and benchmarking.

Other Approaches to Modeling Industrial Energy Consumption

A variety of models are used to provideenergy forecastsof one type or another in the industrial

sector. Many of these models are not exclusively industrial models, but rather are

macroeconomic models that pay particular attention to energy and to energy consumption

sectors. Most industrial sector energy models canbe categorizedaccording to certain general

characteristics. Severalcategories areshown in Table 3. These categories identifywhether the

model is (1) a basic econometricmodel, (2) an hybrideconometricmodel with technology and/or

process information, (3) an hybrid accounting model with economic relationships and with

technology and/or process information, (4) an industry process model with economic

relationships, (5) an interindustryand/or macroeconomicmodel, or (6) an input-outputmodel.

The categories are a very rough description of the content of the models and may not be very

satisfactory in all cases. Not all these categories are clearly defined and some models may

overlap portions of several categories.

Table 3. Other Industrial Energy Models

BasicEconometric

PC-IM (IFFSEIA Model)
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PURILAPSModel (FormerEIA Model)

INDEPTH Level 1 (EPRI)

HybridEconometri_
T

DEMO-PSM

INRAD (Argonne)

LIEF (MarcRossandRolandHwang)

HybridAccounting_

FOSSIL-IandFOSSIL-2(AES)

Peck/Bosch/WeyantVintageModel

Industry_Process,

INDEPTH Level 2 (EPRI)

ISTUM-1, IS_-2 and ISTUM-PC

ICE and IFCAM (EEA)

ORIM (OakRidge)

Interindustry/Macroeconomic

DataResources,Inc.(alsoWhartonEconometrics)

Hudson/Jorgenson(alsoJorgenson/WilcoxenDGEM)

Input/Output

LIFT (INFORUMat University of Maryland)

Ener_ Indexes(Short-term analysis)

The hybrid econometricand hybrid accounting types of models are those of most interest for the

EIA industrial sector modeling. In most of the cases, the models that are discussed represent

only the manufacturingsector part of the industrial sector. There are not many established

models that have been createdto model energyuse inthe agriculture,mining and/orconstruction

industries (one notable exception is the ISTUIVlmodel).
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Each of these models has its own particular approach to modeling industrial energy consumption

(several use similar approaches). The approaches used and their advantages and disadvantages

are discussed below. It should be kept in mind that the overall objective here is to determine

the appropriate approach to be used in the new EIA industrial energy model. To that end, there

are a number of unstated criteria and objectives that will be implied in the discussion. In

addition, each model is discussed only in terms of what can be learned from it with respect to

designing the modeling approach here at EIA.

Energy Intensity Indexes

The most basic approach to modeling industrial energy consumption consists of using an index

of energy consumption relative to value of output (an index of energy intensity). This approach

can be extended by including prices in the index. This approach can be very useful in the very

short term, in a period of time when industry structure, the production function and processes

and technologies are fixed. Industry consumption changes at essentially the rate of industry

output.

Individual Econometric Energy Equa_ons

On the other hand, over a longer period of time, the relationship between energy consumption

and industry output does not remain constant. The changing relationship can be modeled with

the use of estimated coefficients. The IFFS industrial model is an example of this approach

[44]. In this case, an equation is estimated over historical data, and it identifies a relationship

between energy consumption for a single fuel and the value of output in the industry and energy

prices. The equation can be specified in a variety of ways and estimated using a number of tools

including ordinary least squares, two-stage least squares, or seemingly-unrelated regression. The

equation can include a time-trend or lagged endogenous variable to represent technology trends
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and capital stock adjustments.However,no matterwhatis done,theequationstill represents

thecircumstancesoverthehistoricalperiodandisnotnecessarilyappropriatefora longer-term

forecast.Itdependsupon theextenttowhich itisassumedthattheequationisspecified

properly,thatdataarenotmissing,thatthedatausedintheestimationisgoodandappropriate,

andthatthefuturerelafiomhipswillremainthesameasinthehistoricalperiod.Moreover,the

equationdoesnotcapturetheproductionfunctionrelationshipsthateconomictheoryassignssuch

a highvalue.

Production Function Based Econometric Models

A widevarietyofindustrialmodelsarebasedupontheideaofa productionfunctionoritsdual,

a costfunction,andrun thegamut from singleindustrymodelstoeconomy-widemodels. A

previousEIA model,PURHAPS, isoneexampleofthistypeofapproach[40].The PURHAPS

model lookedattheproductionfunctioninan implicitmanner,modelingthefactorsharefor

energybaseduponthepricesofallthefactors,a technologytrendandlaggedpricesofenergy.

The production function in these models can be. specified in a wide variety of ways, with

alternate comideratiom concerning the relationships among the factor shares. Equation 4 shows

the basic form for a production function. The basic relationship is that for a two-factor

production function in which the output is a function of inputs of capital and labor. This basic

relationship can be extended to other factors of production, such as materials and other variables

which may or may not be specified, such as technology.

q = f(vl,...,v,) (3)

where: q is the production level, and
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vi are factor usages.

The primary idea behind the production function is that production occurs according to some

technical production "recipe", in which "factors" of production are brought together to produce

output. There are certain engineering relationships among the variables that allow them to be

brought together in an efficient manner to produce the product. It is important to note that the

production function, as typically explained, is a micro concept. It applies to the technical

relationships within the smallest economic units, such as small, well-defined processes. There

are often significant problems when the concept is taken to a more aggregate level, such as an

aggregate process, a f'n'm, a plant or an industry [50].

The production function provides a technical relationship and the cost function that is the dual

to the production function provides the economic relationship. An example of a cost function

is shown in equation 5. The economic objective of the f'trm is to minimize this cost function.

TC = Plvl + ... + P,,v (4)

where: TC is total cost,

Pi are factor prices, and

v_ are factor usages.

Using a variety of mathematical forms, the relationships among the capital, labor, and materials

variables in the production function can be specified in various ways with their specific

characteristics. There are a variety of standard forms for production functions that have been

used at various times throughout the literature (for discussions, see [31], [50], [85]). Some of

the more prominent of these major variations include the original Cobb-Douglas, which is a

special case of a more general class of production functions, the Constant Elasticity of

Energy Information Administration

NEMS Industrial Demand Model Documentation Report 51



Substitution (CES) production functions. Following from these are the Trvmlog [24] and the

Generalized Leontief [33].

The total energy equation (the primary equation) in the PURHAPS model (as noted above) is

basically a cost function. It assumes that production will be organized in an efficient manner,

so that any one factor (energy in this case) can be solved for based upon the relative prices of

all the factors of production. This is a common and reasonable assumption. The two major

assumptions being made are that the substitution relationships among factor prices remain

constant and that the factors are homogeneous enough so that they can be categorized in an

aggregate fashion. In practical terms, the assumptions are also being made that the equations

properly specify the relationships (missing or misspecified variables), that the coefficients from

the historical estimations represent the future and that the exogenous forecasts upon which the

forecast is based are good.

The Danish Production Sector Model uses a number of hybrid features [71], including the use

of a vintage approach to address the path of adjustment and the modeling of detailed decision

making chins (a systems dynamics approach) for each of the factors of production including

capital and labor. The model uses a production function approach but uses only capital and

labor in the production function (along with a technology time trend) and identifies a type of

capital used for energy conservation.

The INDEPTH (Industrial End-Use Planning Methodology) Level 1 models [63] consist of a

series of industrial energy models for individual manufacturing industries. For each of the

manufacturing industries, alternative standard econometric approaches for modeling energy

consumption using a production function are used. The INDEPTH Level 1 models were

developed for the Electric Power Research Imtimte (EPRI) for the use of the EPRI member

utilities in assessing the extent and nature of the utilities' industrial electricity demand. For this

reason, the models are schematics into which the member utilities can insert the particular details

and data of their own industrial demand. In addition, the emphasis of the models is on the
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modeling of electricity energy demand. In the altemative INDEPTH formulations, the detailed

information contained in the firm's production function and explicit cost minimization

calculations is summarized by two functions. These are the cost function and the factor demand

equations (from the production function). These empirical equations implicitly reflect the

decisions that go into equipment choices and production processes as input prices and output

demand change. As in econometric models of this type, there is no explicit accounting for the

equipment and processes, The relationships are estimated over historical data. The advantages

are that the models are rooted in good economic theory and that they can be estimated directly

from historical data (although there are some problems with the availability of data). The

disadvantages are that the relationships could not be valid too far into the future and that there

is no explicit treatment of capital adjustment (vintages) or of technology.

Interindustry and/or Macroeconomic Models

A series of models continue to implement the production function approach but extend the

modeling out beyond the boundaries of the industrial sector in order to cover all of the

interactions among the entire economy. There are a number of approaches that can be used to

do this, but an overriding characteristic is that the models capture some sense of the flows of

economic activity from one sector to another. (A "sector" is being used as a general term

indicating anything from large entities such as households, government and business, to small

entities such as specific industries or types of households.) These can be explicit material flows

or accounting for expenditures or payments between sectors. 4 These are not explicitly industrial

models, but rather have an industrial sector (or sectors) as parts of the model. Another

4 These models can range from small, less than 10-equation models, to very large and detailed models with large
numbers of sectors with a thousand or more equations. In the context of this paper, however, the emphasis is primarily
upon those models which pay some attention to the industrial sector as a distinct entity. Obviously, there is always more
detail that can be added to these models, for example regional flows and as economies become more international in
scope, international flows.
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overriding characteristic is that these models attempt to solve for a economy-wide general

economic equilibrium.

There are analogues relating to the sectoral interrelationshipsand the equilibrium modeling

between these models and the IFFS [44]. The IFFS is designed as an energy model, so the

sectorsconsistof energy sectors, ratherthanoverall economicsectors. The interactionsbetween

the sectors in IFFS are in terms of energy flows, while that in the macroeconomic and

interindustrymodels are in terms of overall economic activityand/or materials flows (of which

energy could be one). Since the overall interest in IFFS is in energy activity, the economy is

modeled as a separatesector. In the macroeconomJcand interindustrymodels, there is no real

distinction made between the economic sectors and other sectors; it is all one piece and

simultaneous. Consequently, the equilibrium in the macroeconomic and interindustrymodels

is theoretically represented as a true, general equilibrium (although it could be imperfectly

represented). The equilibrium in IFFS is an approximationto a general equilibrium solution,

to the extent that the macroeconomic sector is capturingthe interindustryflows thatare implied

in all the energy sectors. This is a reasonablerepresentationin the mid-term, but as the time

horizon extends and industry structure changes in significant ways, there may be some

difficulties with its representationas a general equilibriumsolution. Because of these overall

linkages, it would be difficult to separate the industrial energy sector from the overall

macroeconomic or interindustrymodel in a sensible fashion.5 There are also difficulties in the

other "direction" of trying to use the economic portion of an overall macroeconomic or

interindustrymodel (particularlyfor the interindustrymodel) as the economic module in an

energy system such as IFFS or the NEMS system.

5 A distinction is made between the industrial energy sector and the overall industrial sector economy. At EIA,

when we refer to the industrial sector, we are referring to the energy activity. The overall industrial sector economy
is a much more extensive and complex entity, consisting of not only energy and energy processes, but all capital, labor
and materials decision making that go with it.
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The Data Resources, Inc. (DRI) model is a good example of a macroeconomic model and it is

currently being used in EIA for economic modeling. This model is based upon the equilibrium

between the production-side and consumption-side expenditures in the economy along with

(hundreds of) equations .that provide significant relationships among the sectors. Another

example is the macroeconomic model of Wharton Econometrics. The industrial sector in each

of these models lacks detail, especially for energy.

The Hudson/Jorgensen model and the Jorgensen/Wilcoxen Dynamic General Equilibrium Model

(DGEM) both have much more detailed industrial sectors which are based quite explicitly upon

a production function/cost function approach. There are several industries represented, with

production functions based upon flows of capital, labor, materials and energy. One primary

characteristic of these models is the interdependence among the sectors (or industries) in the

economy. Although these models have more detail, they are not strictly energy models and

typically energy is a small part of the model. In addition, these models do not use any explicit

representat;.ons of how energy is used, but rather rely upon the simplifying concept of aggregate

production functions along with other simplifying assumptions relating to full employment and

the substitutability of factors of production.

Input-Output Models

An input-output model is distinguished by the accounting for the flows of outputs from one

industry to be used as inputs in other industries. Because of this interindustry dependence, any

set of "correct" output flows from industry must be the same as all the input requirements in the

economy (including to other sectors and outside the economy). Technically, the input-output

analysis is not a general equilibrium analysis because although the interdependence of the various

industries and the correct flow of product is the critical factor, this satisfies the technical

relationships rather than the market based relationships. Additional cost factors can be brought

into the analysis to solve for a general equilibrium. Typically, there are also simplifying
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assumptions that must be made for the input-output analysis, including that each industry

produces homogeneous products, industries use fixed input ratios and production in each industry

is subject to constant returns to scale.

The Long-term Interindustry Forecasting Tool (LIFT) from INFORUM at the University of

Maryland [57] is a hybrid of a large macroeconomic model and a 78-sector input-output model.

This provides for a theoretically satisfying general economic equilibrium along with the technical

relationships for the flows among industries. This model is mentioned here because there has

been some interest in using features from it for the macroeconomic modeling at EIA. The

difficulty would be in separating out the macroeconomie part of the model from the energy parts

for all the sectors (residential, commercial, transportation and industrial) including the energy

production and conversion sectors. As has been discussed earlier, the separation which is made

at EIA is somewhat artificial, but useful so that a great deal of detail can be built into the energy

aspects of demand and supply. In reality, these are simultaneous and therefore it is difficult to

separate them in a model like LIFT which has been built with them together.

Industrial Process Models

Industrial process models generally take a bottom-up approach to modeling energy use in the

industrial sector. Individual processes, technologies or equipment are represented in the model.

In the forecast, as new processes, technologies or equipment are to be added to the capital base,

the model makes choices from among various options by competing the processes, technologies

or equipment on an economic basis. There are a number of difficulties associated with building

a process model/br models for the entire industrial sector, the first of which is that they require

vast amounts of knowledge and resources. The resources have simply not been available nor

are they expected to become available. In some cases, the approach has been to consider a

process model for only a specific industry or for a specific energy source. In addition, the

extensiveness of these models make them very complex so that they are not typically accessible

EnergyInformationAdministration
NEMSIndustrialDemandModelDocumentationReport 56



or transparent. The common developmental approach is to have experts with engineering

backgrounds do a variety of studies to determine the various current and potential processes,

technologies or equipment and to characterize each with a variety of economic factors such as

capital cost, operating costs, maintenance costs, energy costs, lifetime, and others. These

characteristics are used in various algorithms to make choices among the processes based upon

economic decision making rules.

However, the industrial sector is very complex and capital stock decisions are made with a wide

variety of motivations; these are the subject of much of the entire field of industrial organization

in economics (see [85] for a discussion of this and several of the following points). A simple

minimization of life-cycle cost may not be an appropriate rule. Moreover, there can be any

number of other attributes associated with the process, technology or equipment that are

externalities in the decision process or which are more important than the strictly economic

variables. It may be more straightforward to characterize the decision making rules in an energy

industry such as electric utilities, where the product is much more homogeneous, knowledge is

and has been more available, the processes, technologies or equipment are better understood and

in many cases a public utility commission mandates the rules to be used in decision making.

An additional difficulty in the industrial sector is that there is no clear way to know whether the

characterization of the future processes, technologies and equipment has captured all

possibilities. The characterization may be imperfect with respect to the processes available for

competition or with respect to the attributes associated with that process. This can be a very

significant problem and can imply that any error associated with this means that there really is

no need to fine-ume anything else. It has been suggested that this is a common error and that

it will typically cause the model to underestimate the potential for conservation of energy [85].

Another problem with using a process model to model energy is that energy is usually a small

part of the capital choice decision. Even in some energy-intensive industries, energy can still

be only a small part of the capital choice decision. For example, it has been suggested that the

Energy Information Administration

NEMS Industrial Demand Model Documentation Report 57



penetration of continuous casting in the blast furnace and basic steel products industry, which

saves very large amounts of energy, was motivated not by the desire to save industrial energy,

but by the opportunity it provides for quality control. Another example is that future movements

away from chemical pulping to mechanical pulping in the paper industry are not driven by

energy economics but by environmental considerations. This choice also largely drives the

extent of renewables consumption in the paper industry, because the single largest category of

renewables is pulping liquor from the chemical pulping process. Recycling in the paper industry

also has a significant influence upon the pulping process choices and on the amount of bleaching.

Even if all the economic attributes of the processes could be determined, strict life-cycle costing

does not capture all these non-economic considerations in an economic algorithm.

It is also difficult to assess the quality of the details of a process model, because there is

typically no information about the details beyond the data that was put together for the model.

The model can be assessed on an overall basis, but this does not provide any insight on whether

the extra details have helped to provide better forecasts. Other models that are constructed on

an overall basis can also provide forecasts. In general, an assessment of the 1977 ISTUM-1

model at a fairly aggregate level over the period 1977 to 1990 did not seem to indicate that the

model performed particularly well, even on an overall basis. 6

The ISTUM model is an industrial process-level model which was developed in the mid to late

1970's [38]. The model is very large and extensive and requires a vast data base of

technologies. The original development effort was over an extended period of time and at least

one stage utilized the equivalent of about two dozen full-time personnel. ISTUM is the senainal

industrial process model and is perhaps the best known. Parts of ISTUM have been updated in

various ways (the details are not clear) by Energy and Environmental Analysis, Inc. (EEA) into

ISTUM-2 [37] and they occasionally run the model for various analyses, primarily for an annual

forecast by the Gas Research Institute. Some industries in ISTUM have been redone for use on

6 The 1977 ISTUM model that begins forecasting in 1977 (its base year is 1976) was acquired by this office and
was run over the historical period to 1990 using historical prices and historical level of output. The results were mixed.
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the IBM PC, most notably the paper industry in British Columbia, Canada [58]. It is not

anticipated that ISTUM would be used directly for the new EIA industrial model, but some of

the detail that is available in ISTUM might be used to help provide information for the new EIA

model.

The INDEPTH Level 2 model is also an industrial process-level model and was developed for

the EPRI [28, 36]. It consists of an extremely detailed examination of 25 principal industrial

production processes and the activities that make up each process. The model was developed

with the intention that it would be used by electric utilities interested in how the introduction of

new technologies and production processes would affect the electricity demand of their

manufacturing clients. Along these lines, the model does not attempt to provide coverage for

all of the manufacturing sector industries at a national level, nor does it pay significant attention

to modeling other than for electricity. While the INDEPTH Level 2 model could be used to

represent an industry, it is so process-specific that the most likely use would be to model actual

or idealized plants operated by an electric utility's customers. The INDEPTH system has never

received a high degree of acceptance among utility planning staffs as the EPRI residential and

commercial models have. In part this may have been because most utilities had developed other

in-house modeling approaches to forecasting industrial demand, and !mpart it may have been due

to the cumbersome data requirements that are needed to do justice to the INDEPTH system's

full capabilities. 7

Apparently, the INDEPTH models are being phased out by EPRI and a set of industrial end-use

models named INFORM, developed by Regional Economic Research, Inc. (RER) for EPRI, are

being used instead. The model's end uses include motors, process heating, process drying and

curing, melting, welding and cutting, electrolytic processes, lighting, HVAC and miscellaneous.

For each end use, INFORM examines three sets of market decisions. These are fuel and

7 This information is based on the DAC report referred to above. Apparently, both INDEPTH Level 1 and
INDEPTH Level 2 models have been used by only 3 utilities with only 1 significant user of Level 2.
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technology decisions, which determine market shares; efficiency choices, which account for

competition among efficiency options; and usage levels, which reflect production levels.

The Oak Ridge Industrial Model (ORIM) [83, 84], the Industrial Combustion Emissions (ICE)

and the IFCAM models are older, process-type models that actually use a lot of hybrid features.

They are apparently not being currently used. ORIM uses a mix of features of both top-down

and bottom-up models, dealing with very generic energy services, manufacturing services and

technologies. Although the technologies are generic, the data requirements are still extensive.

The model also uses a vintage accounting structure. The Industrial Regional Activity and

Energy Demand Model (INRAD) was used by Argonne National Laboratory to model industrial

activity and energy demand for the National Acid Precipitation Assessment Program (NAPAP)

studies [15].

Hybrid Econometric and Hybrid Accounting Models

This class of models is expected to have the most relevance to the new EIA industrial model.

They consist of various equations and relationships that are implemented on an accounting

structure.

The Long-Term Industrial Energy Forecasting (LIEF) model has been in development over the

last few years [85]. There are several characteristics of this new model which strongly

influenced the development of the new EIA industrial model (LIEF covers only the

manufacturing sector). The first task of this model is to properly disaggregate the manufacturing

sector according to output growth rates and energy intensities so that the way that energy is used

can be properly accounted for. The point is made that disaggregation into the 2-digit SICs is

not satisfactory for long-term forecasting. The problem is not that there are too few 2-digit

sectors, but that they are improperly aggregated for energy analysis. The idea is to reorganize
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the manufacturing sector into 4 to 10 sectors basedupon energy intensity and output growth rates

(the current version is organized into 4 sectors).

The long-term, real energy intensity forecasting technique used by LIEF rests on a sequence of

three major decision areas: 1) the choice of the fundamental production process, which is

autonomous in the sense that it is not sensitive to energy prices, 2) the choice of energy-related

technologies which are sensitive to energy price, and 3) theoperational decisions which are more

of a short-term nature and not of interest in long-term forecasting. The choice of energy-related

technologies in the model uses the conservation supply curve (CSC) as the basic analytical tool.

However, the procedures used to estimate or characterize the CSC relationship are not based

upon detailed lists of technologies, but rather are based on statistical estimation. In this

forecasting sequence, the model uses variables other than price, which provide useful policy-

analysis handles. Sectoral energy intensities are principally related to autonomous (price-

independent) time trends, and to energy prices, implicit capital recovery factors, slope and

intercept parameters for the CSCs and the rate of penetration of conservation technologies.

The NEMS Industrial Demand Model shares the concern with the proper disaggregation and

accounting for energy use in the industrial sector. In addition, the model shares and borrows

from major concepts, including the idea that choice of fundamental process change is

autonomous (not price related) and the tree of a conservation supply curve or something similar

for energy intensity changes that is not necessarily built up from a detailed list of technologies.

The basic model equation also recognizes the distinction between energy consumed in new

equipment versus that of existing equipment and this basic idea is expected to be extended in the

EIA model with a full vintage structure. Finally, it is desired that the overall feeling of

accessibility, transparency and familiarity that the authors associate with LIEF, will also be

associated with the EIA industrial model.

The industrial energy demand model described in [78] is a relatively straightforward structural

representation for industrial energy use. The primary features of the model are that it is based
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on production-function-like concepts (explicitly considering the prices of all input factors),

considers the long-term substitution potential between fossil fuels and electricity (using relative

prices) and incorporates vintaging of the existing capital stock in making energy consumption

decisions. The model has been exercised and estimated for the primary metals industry based

upon input data over the period 1958 through 1982. The major features of this model are also

concerns in the new EIA industrial model and have influenced its development. The idea that

the vintage of the capital stock impacts significantly upon the way that energy can be consumed

in industry is carried through into the new model which is designed as a "putty-clay"

representation.

The FOSSIL2 industrial sector model was constructed in 1985 by Applied Energy Services for

the DOE Office of Policy, Planning and Analysis [9]. The industrial sector model is based on

an end-use engineering process approach, but works at a very high level of aggregation (no

industry disaggregation). This makes it necessary to exogenously input overall changes in

industry composition and product/process shifts. However, the model does maintain some sense

of vintage and models 4 types of energy service demands (such as boilers, process heat, machine

drive/electrolytic and feedstocks). The distinction between efiergy consumption in new versus

existing equipment and between components such as BSC and PA uses is carried through into

the NEMS Industrial Demand Model.
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4. Model Structure

Flow Diagrams

Figure 9 presents the calculational flow for the NEMS Industrial Demand Model. The figure

shows each of the model subroutines and the corresponding data inputs and outputs, as

appropriate. The following section provides the solution 'algorithms for the model.
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Figure 9. Module Calculational Flow
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Figure 9. Module Calculational Flow, cont.
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Figure 9. Module Calculational Flow, cont.
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Figure 9. Module Calculational Flow, cont.
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Figure 9. Module Calculational Flow, cont.
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Subroutines and Equations

This section provides the solution algorithms for the Industrial Model. The order in which the equations

are presented follows the logic of the FORTRAN source code very closely to facilitate an understanding

of the code and its structure. In several instances, a variable name will appear on both sides of an

equation. This is a FORTRAN programming device that allows a previous calculation to be updated (for

example, multiplied by a factor) and re-stored under the same variable name.

IND

IND is the main industrial subroutine called by NEMS. This subroutine retrieves data for gross output

for both the manufacturing and non-manufacturing industries from the NEMS Macroeconomic (MACRO)

model. Employment is also obtained from the MACRO model for each non-agricultural industry. Prices

for the various fuels as well as the previous year's consumption are obtained from NEMS COMMON

blocks. For the first model year, consumption is obtained from the State Energy Data System 1990

(SEDS). Because data for the industrial model are available only for the four Census regions, the energy

prices obtained from NEMS, available for each of the nine Census divisions, are combined using a

weighted average of the fuel prices in each of the four Census regions as shown in the following equation

for the first model year. A similar weighted average is used for all other model years, however, the

previous year's consumption is used rather than 1990 SEDS consumption.

NUM r

DPRCXetec,r x QSELINd, t99o

PRCXetec,r = d=l (5)
NUM r

__, QSELlNd,199o
d=l

where:

PRCXetec,r = Price for electricity in Census region r,

NUM, = Number of Census divisions in Census region r,
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DPRCXetec,d = Price of electricity in Census division d, and

QSELINd.I_ = SEDS consumption of electricity in Census
division d in 1990.

Prices for biomass and steam are not available from NEMS. The price for biomass is assumed to be 2.0

dollars per MMBtu for all Census regions. The price of steam is an average of the prices of natural gas,

coal, and residual oil. IND calls two subroutines: ISEAM, the subroutine that guides the industrial

model calculations, and WEXOG, the subroutine that reports the results back to NEMS.

ISEAM

ISEAM controls all of the industrial model calculations. It opens external files for debugging, binary files

for restarting on successive iterations and forecast years, and the input data files. In the first model year

and only on the first iteration, ISEAM calls two subroutines: RCNTRL and INDEMISI to read the control

file and emissions input file. ISEAM then calls REXOG to read in exogenous inputs on each model run.

For the first model year, ISEAM calls the following subroutines for each Census region within each

industry: PDATA, EDATA, CALBYPROD, CALPATOT, CALBTOT, CALGEN, CALSTOT, and

INDTOTAL. After the forecast for the last Census region for a particular industry has been calculated,

the following three subroutines are called: NATTOTAL, INDEMISS, and CONTAB. After the first

model year, ISEAM calls two subroutines, RDBIN to read the restart files, and MODCAL to carry out

model calculations. After all model calculations have been completed, ISEAM calculates industry totals

and saves information to the restart files in the subroutine WRBIN. Finally, after each industry has been

processed, ISEAM calls the subroutine INDCGN to report industrial cogeneration estimates to NEMS.

Subroutine RCNTRL

RCNTRL reads data from the input file INDRUN. This file contains internal control variables for the

industrial model. Data in this file come from a series of questions the user is asked at the beginning of

a run. The data consists of indicator variables for subroutine tracing, debugging, writing summary tables,

calculating unit energy consumption using technology possibility curve (TPC) parameters, calculating unit
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I I

energy consumption using price elasticities, including imports and exports in the model, and

benchmarking. This file also contains the beginning model year, the ending model year, the number of

industries to be modeled, and input file names.

Subroutine INDEMISI

INDEMISI reads emission factors from an input file. Uncontrolled emissions factors for each fuel,

expressed in metric tons per million Btu, are read in for each of the following pollutants: carbon, carbon

monoxide, carbon dioxide, methane, sulfur dioxide, nitrogen oxide, volatile organic compounds (VOC),

and particulates. Controlled emissions factors for each fuel, expressed in fractional terms, are also read

in from the input file for each of the pollutants. Fractional sulfur contents are obtained for each fuel for

use in calculating emissions of SO_. Currently, only the carbon emissions are reported.

Subroutine REXOG

REXOG prepares exogenous data obtained from the NEMS MACRO model for use in the industrial

model. Dollar value of output and employment are aggregated over the appropriate Census divisions to

obtain data at the Census region level. Employment data is obtained from NEMS at the two digit SIC

level. Therefore, for several industries modeled in the industrial model, employment data must be shared

out between industries at the same two digit SIC level. In particular, the chemical industry (SIC 28) is

grouped into bulk chemicals (SICs 281,282, 286, and 287) and other chemical. Employment for the

petroleum industry must be shared out between refining and all other petroleum. The stone, clay, and

glass industry and the primary metals industry also require sharing out of employment data.
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Subroutine PDATA

PDATA is the subroutine that reads in data for the process and assembly component of the model. For

each region in each industry, the following data is read from the ENPROD input file: industry name,

industry code s, Census region, number of process steps, an indicator variable indicating the units of unit

energy consumption (physical or dollar units), value of production, and cumulative output. For each

process step, the following data is read from the input file: process step number, number of links, the

process steps linked to the current step, physical throughput to each process step, the retirement rate, and

process step name.

Note that only the energy-intensive industries have steps. However, two industries, food and kindred

products and bulk chemicals, do not have linkages among steps because the steps represent end-uses (e.g.,

refrigeration and freezing in the food and kindred products industry). As a result, the downstep

throughput for food and kindred products and bulk chemicals is equal to one. A linkage is defined as

a link between more than one process step. For example, in the paper and allied products industry, the

wood preparation process step is linked to the virgin fibers pulping process step. The down-step

throughput is the fraction of total throughput for an industry at a process step if it is linked to the final

consumption. If the process step is linked to another process step, then the down-step throughput is the

fraction of the linked process step plus the fraction of final consumption. The following example

illustrates this procedure.

Figure 10 shows the process flow for the paper and allied products industry. The algebraic representation

is as follows:

Let:

Y_ = Number of tons of paper to be produced.

Y2 --- Number of tons of material to go through the bleaching process.

Y3 m Number of tons of material to go through the waste fiber pulping process.

Y4 -- Number of tons of material to go through the mechanical pulping process.

SThis industry code is the industrial model code, not the SIC code.
l
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Figure 10. Paper and Allied Products Industry Process Flow
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Ys _= Number of tons of material to go through the semi-mechanical pulping process.

Y_ - Number of tons of material to go through the Kraft pulping process.

Yv -= Number of tons of material to go through the wood preparation process.

Then, we have the following:

Y! = Some value of output, in tons (from the MACRO Module).

Y2 = 0.443 Yt

Y3 = 0.164Y_ +0.164Y2

Y4 = 0.068 Y_ + 0.068 Y2

Y5 = 0.037 Yt + 0.037 Y2

Y6 = 0.424 Yt + 0.424 Y2

Y7 = 0.998 Y4 +0.998 Y5 + 0.998 Y6

If Y_ = 1,000 tons of paper to be produced, then Y2 = 443, Y3 = 236.65, Y4 =98.124, Ys = 53.391,

Y6 = 611.836, and Y7 = 761.82.

The papermaking process is as follows. We need 761.82 tons of output from the wood preparation

process and 236.65 tons of output from the waste fiber pulping process. Of the 761.82 tons of material,

98.124 tons flow through mechanical pulping, 53.391 tons into semi-mechanical pulping, and 611.832

tons into the Kraft pulping process. 443 tons from the sum of output of the waste fiber, mechanical,

semi-mechanical, and Kraft pulping processes goes through the bleaching process. This 443 tons along

with the remainder of the output from each process goes to the final stage in papermaking.

Physical throughput is obtained for two vintages, old and new. Old vintage is considered to be any

capital installed in 1990 or earlier. Middle vintage includes installations from 1991 to the lag of the

current forecast year. New vintage includes any capital installed in the current forecast year.

PDATA forms the ratio of physical output to 1990 value of output for the energy-intensive industries with

the exception of the food and kindred products and bulk chemical industries. This constant ratio is

applied to physical output in subsequent years. The physical output value PHDRAT is convened to a

ratio with the same name.
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PHDRAT
PHDRAT = (6)

eRoovx,,,

where:

PHDRAT = Ratio of physical units to value of output, and

PRODVXt, = Value of output for industry i in Census region
r.

If the Unit Energy Consumption (UEC) is in physical units, then the following equation is used.

PRODXt, r = PHDRAT x PRODVX o. (7)

where:

PRODXj., = Output in physical units for industry i in Census
region r,

PHDRAT = Ratio of physical units to value of output, and

PRODVXj., = Value of output for industry i in Census region
r.

If the UEC is in dollar units, then the following equation is used.

PRODX,,-eRoovx: is)

where:

PRODXt,, = Value of output for industry i in Census region
r, and

PRODVXt, = Value of output for industry i in Census region
r.
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If the currentprocess step is linked to final consumption (i.e., if there are no intermediate steps between

the current step and final output), then the following equation is used:

PRODSUMaj = PRODFLOWo_,,: x PRODX_.r (9)

where:

PRODSUM,. t = Amount of throughput used at process step s
through link l,

PRODFLOWo_,.: = Down-step throughputto process step s linked
by link l for old vintage, and

PRODX,., - Output for industry i in Census region r.

Note that PRODFLOW is a parameter that represents the relative production throughput to a subsequent

production step in the energy-intensive industries. The linkage parameter indicates which production step

is involved.

If the current process step is linked to one or more intermediate process steps, then the following equation

is used:

PRODSUMs; ffi PRODFLOWo_ts_ x PRODCUR_jp (10)

where:

PRODSUM,.t = Amount of throughput used at process step s
through link l,

PRODFLOWo_,._ = Down-step throughput to process step s linked
by link I for old vintage, and

PRODCURso_te = Current production at process step IP linked to
process step s through link l for all vintages.
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In either case, the total productionat each process step is determinedthroughthe following equation:

m,Mx,

PRODCURto_d,2 = _ PRODSUM,,t (11)
1,,1

where:

PRODCUR_, -- Current production at process step s for all
vintages,

N'/M_,_, = Number of links at process step s, and

PRODSUM,.t = Amount of throughput used at process step s
through link 1.

Subroutine EDATA

EDATA reads energy relateddatafromthe input file ENPROD. For each process step, the number of

fuels used at the process step andthe numberof byproductsare obtainedfrom ENPROD. For each fuel

type within each process step, initial unit energy consumption (UEC), an intercept term for use in

econometricequations, technologypossibilitycurve(TIC) coefficient, andcrosspriceelasticities areread

in for both old and new vintage. EDATA reads in similar data for each byproductfuel for each process

step. The values for UEC, TPC coefficient, and cross price elasticities for new vintage are assigned to

the variables for middle vintage.

This subroutineis also responsiblefor readingenergydata for file buildingscomponent. The numberof

fuels used for lighting, either none or one for electricity, is obtained as well as the initial UEC. The

same information is obtained for heating, ventilation, and cooling (HVAC). There are three fuels

consideredfor HVAC, electricity, naturalgas, and steam.
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Data for the boiler/steam/eogeneration (BSC) component is obtained through the EDATA subroutine.

The number of non-byproduct fuels consumed in the BSC component is read in as well as boiler fuel

shares, cross price elasticities, and the boiler efficiencies for each fuel. Boiler shares are normalized to

sum to one. The number of byproduct fuels consumed in the BSC component is read in. Several

variables are read concerning cogeneration of electricity, including initial steam demand, 1990 total

electricity generation and generation for own use, and capacity utilization. Regression parameter

estimates are read for steam demand and generation. Four prime movers, internal combustion engines,

combustion turbines, steam turbines, and renewables are considered in the industrial model. For each

prime mover, a share of total generation, a heat rate, and an efficiency are read from the input file.

Subroutine CALBYPROD

The industrial model consumes all byproduct fuels prior to purchasing any fuels. This subroutine

calculates the energy savings or the current location on the technology possibility curve (TPC) based on

the current year's industry production and the previo_ year's industry production for each process step,

fuel, and old and new vintage as shown in the following equation. Currently, only the paper and allied

products industry has a TPC for byproducts. For all other industries the UEC remains unchanged.

'PaODCUP_. s]nrrcsc,,,,
BrPCSCCU.%.: (12)

BYPCSCCUR,j., = Current energy savings for byproduct fuel f at process
step s for vintage v,

PRODCUR,o,,t, = Current production at process step s for all vintages,

PRODLAG, o_, = Lagged production at process step s for all vintages, and

BYPCSC, j., = Byproduct technology possibility curve coefficient for
byproduct fuel f at process step s for vintage v.
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The energy savings for middle vintage is a weighted average (by production) of the current year's energy

savings for new vintage and the previous year's energy savings for middle vintage.

BYPCSCCURw,t¢.' = (PRODCUR,_,.s x BYPCSCCUR,,,_,/_)PRODCUR,_._++ PRODCUR,,aa.,(PRODCUR'_x BYPCSCLAGmj,O._) (13)

where:

BYPCSCCUR,,_./._ = Om'ent energy savings for byproduct fuel f at process
step s for mid vintage,

PRODCUR,_w., = New production at process step s,

BYPCSCCUR,_j., = Current energy savings for byproduct fuel f at process
step s for new vintage,

PRODCUR,,_, = Existing production at process step s for mid vintage,
and,

BYPCSCI.AG_, = Lagged location on the byproduct technology possibility
curve for byproduct fuel f at process step s for middle
vintage.

CALBYPROD calculates the rate of byproduct energy produced for each process step, fuel, and vintage

shown in the following equation. This value is based on the previous year's rate of production and the

current energy savings for each vintage.

B YPINT,, ,,.s= BYPINTLA G,,,/..,x B YPCS CC URv/.s (14)

where:

BYPINT, s._ = Rate of byproduct energy production for byproduct fuel
f at process step s for vintage v,

BYPINTLAG,_, = Lagged rate of byproduct energy production for
byproduct fuel f at process step s for vintage v, and
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BYPCSCCURv,:s = Current energy savings for byproduct fuel f at process
step s for vintage v.

The byproduct rate of production is used to calculate the quantity of byproduct energy produced by

multiplying total production at the process step by the production rate.

BYPQTYv,f,, = PRODCUR,,,s x BYPINTv,f,s (lb')

where:

B YPQTY,,:,s = Byproduct energy production for byproduct fuel f at
process step s for vintage v,

PRODCURv, _ = Production at process step s for vintage v, and

BYPINT,,.:._ = Rate of byproduct energy production for byproduct fuel
f at process step s for vintage v.

The byproduct rate of production is ther _,ert.ed from million Btu to trillion Btu. Byproduct

production is subdivided into three categc a fuels, intermediate fuels, and renewable fuels.

Byproduct production for each group of fuels is determined by summing byproduct production over the

individual process steps for each fuel and vintage as shown below for main byproduct fuels. The

equations for intermediate and renewable fuels are similar.

MPASTP

ENBYPMf,_ = ___ BYPQTYv,f,s (16)
$ffi|

i

t where: ENBYPM/.v = Byproduct energy production for main byproduct fuel f
for vintage v,

MPASTP = Number of process steps, and

BYPQTY_,/, = Byproduct energy production for byproduct fuel f at
process step s for vintage v.
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Subroutine CALPATOT

CALPATOT calculates the total energy consumption from the process and assembly component. In the

first model year, this subroutine calls CALINTER to calculate an intercept term for further use in

econometric equations. Note that CALINTER does not apply to the energy-intensive industries. Energy

consumption at each process step is determined by multiplying the current production at that particular

process step by the unit energy consumption (UEC) for that process step. Energy consumption is

calculated for each fuel and vintage using the following equation.

ENPQTYv,f_ = PRODCURv, _x ENP/NTv,f= (17)

where:

ENPQTYvj., = Consumption of fuel f at process step s for vintage v,

PRODCURv,, = Production at process step s for vintage v, and

ENPINT_,/., = Unit energy consumption of fuel f at process step s for
vintage v.

Four energy products that are used for non-fuel purposes are modeled differently. These products are

asphalt and road oil, liquid petroleum gas feeAstocks, petrochemical feedstocks, and natural gas

feedstocks. For the construction industry, the consumption of asphalt and road oil for all model years

after 1990 is determined through the following equation.

ENPQTY_rp,_ = ENPINTv_, _ x PRODZEROv, _ + 0.4 x [PRODCURv,, - PRODZERO,,_] (18)

where:

ENPQTY_._., = Consumption of asphalt and road oil at process step s for
vintage v,
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ENPINTv.,_.s = Unit energy consumption of asphalt and road oil at
process step s for vintage v,

PRODZEROv.s = 1990 production at process step s for vintage v for the
construction industry, and

PRODCURv., = Production at process step s for vintage v.

For all years after 1990, feedstock consumption in the bulk chemical industry is computed as shown

below for natural gas feedstocks. Equations for liquid petroleum gas feedstocks and petrochemical

feedstocks are similar.

ENPQTY,,,ng,s = ENPINTng / x PRODZEROv, s + 0.25 x (PRODCUPh,,s - PRODZEROv, s) (19)

where:

ENPQTY_,,_._ = Consumption of natural gas feedstock at process
step s for vintage v,

ENPINTv,,,_,_ = Unit energy consumption of natural gas
feedstock at process step s for vintage v,

PRODZERO_,_ = 1990 production at process step s for vintage v
for the construction industry, and

PRODCUR_,s = Production at process step s for vintage v.

Consumption of each fuel is converted to trillion Btu. Energy consumption is subdivided into main fuels,

intermediate fuels, and renewable fuels. Main fuels include the following:

• electricity consumed in the PA or BLD components,

• core and non core natural gas,

• natural gas feedstocks,

• steam coal,

• coking coal (including net coke imports),

• residual oil,
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• distillate oil,

• liquid petroleum gas for heat and power,

• liquid petroleum gas for feedstocks,

• motor gasoline,

• still gas,

• petroleum coke,

• asphalt and road oil,

• petrochemical feedstocks,

• other petroleur_, feedstocks, and

• other petroleum.

Intermediate fuels include the following:

• steam,+

• coke oven gas,

• blast furnace gas,

• other byproduct gas,

• waste heat, and

• coke.

Renewable fuels include the following:

• hydropower,

• biomass-wood,

• biomass-pulping liquor,

• geothermal,

• solar,

• photovoltaic,

• wind, and

• municipal solid waste.
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Energy consumption for the three fuel groups is determined for each fuel by summing over the process

steps as shown below for main fuels. The equations for intermediate and renewable fuels are similar.

MPA$IT

ENPMQTYf = _ ENPQTYto_/_ (20)
$=1

where:

ENPMQTYf = Consumption of main fuel f in the process/assembly
component,

MPASTP = Number of process steps, and

ENPQTY_z:., = Consumption of fuel f at process step s for all vintages.

Energy consumption for coke imports is calculated as the difference between coke consumption and coke

production. In the current industrial model, coke is consumed only in the blast furnace/basic oxygen

furnace process step in the blast furnace and basic steel products industry. Coke is produced only in the

coke oven process step in the blast furnace and basic steel products industry. The equation for net coke

imports is shown below.

ENPMQTYco_ = ENPIQTYco _ PRODCURto_co x 24-81 (21)
106 ]

where:

ENPMQTYc_ = Consumption of coke imports in the process/assembly
component,
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ENPIQTY_,,_ = Consumption of coke in the proeess/a_sembly
component,

PRODCURtou_.co = Current production at the coke oven process step for all
vintages, and

24.8/1& = Conversion factor, where there are 24.8 million btu per
short ton of coke converted to trillion Btu.

Subroutine CALINTER

CALINTER calculates an intercept term used to calculate unit energy consumption (UEC) by an

econometric approach. The intercept calibrates projected consumption for the base year to actual

consumption. The non-energy-intensive industries, with a few exceptions, utilize an econometric equation

to estimate UECs. (The energy-intensive industries, with the exception of the feedstock process step in

the bulk chemical industry, use an approach developed by Arthur D. Little (ADL) to estimate unit energy

consumption.) For each fuel, an intercept term is calculated in CALINTER based on the UEC,

cumulative output, own-price elasticities, and cross price elasticities. The purpose of the intercept term

is to calibrate the results for the first model year. The intercept term is calculated for old vintage in the

following equation. The intercept for new vintage is assumed to equal the intercept for old vintage. An

intercept term is not required for middle vintage calculations.

ENPINTotd,f_
EINTERo_f_, = tl (22)

t=l

where:

EII_R,,td,_, = Intercept at process step s for fuel f for old vintage,

ENPIA_o_j.s = Unit energy consumption of fuel f at process step s for
old vintage,
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CUMOUT88 = Cumulative output through the year 1988,

BCSCot#j., = Energy savings coefficient at process step s for fuelfand
old vintage,

WPRCt = Price for fuel t in 1987 dollars, and

BELASo_j.,.t = Own price elasticity at process step s for fuel f for old
vintage, and cross price elasticity at process step s for
fuel f and fuel t for old vintage.

Subroutine CALBTOT

CALBTOT calculates the total energy consumption for buildings. The energy consumption for buildings

is calculated for two building uses, lighting and HVAC. Total energy consumption is determined for

electricity, natural gas, and steam by multiplying industry employment by the building unit energy

comumption as shown in the following equation.

ENBQTYe,_ = EMPLXi_, x ENBINTe/ (23)

where:

ENBQTYej = Consumption of fuel f for building end use e,

EMPLXi. r = Employment for industry i in Census region r, and

ENBINTej = Unit energy consumption of fuel f for building end use
e.

Subroutine CALGEN

CALGEN c_lculates electricity generation and the qtutr.itityof steam used to generate electricity. The

following two equations calculate the total demand for electricity and steam. The total demand for

electricity is determined by summing the electricity consumed in the PA component and in the BLD
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component (no electricity is consumed in boilers). Total steam demand is calculated in the same manner

as electricity demand.

ELDEM = ENPMQTYel, c + ENBQTYtotat,aec (24)

where:

EI_EM = Total electricity demand from process/assembly and
buildings,

ENPMQTY_ c = Consumption of electricity in the process/assembly
component, and

ENBQTY_,a.,_ = Consumption of electricity for all building end uses.

STEMCUR = ENBQTY_,,_ + ENPIQTYst_,,, (25)

where:

STEMCUR = Total steam demand,

ENBQTY_,_,,,, = Consumption of steam for HVAC, and

ENPIQTY_,,,, = Consumption of steam in the process/as.,.embly
component.

Total electricity generation is based on an econometric equation (see Appendix E). To utilize the

regression parameters, an intercept term must be calculated on the first call to CALGEN. The intercept

is the natural log of the ratio of 1990 generation to the predicted value for the current year based on the

regression parameters.
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GEN90(;INTER = SrEMCURY.osr_4M (26)

where:

GINTER = Intercept term for electricity generation,

GENgO = 1990 generation of electricity,

STEMCURgo = Total steam demand for 1990, and

GSTEAM = Steam demand coefficient.

Electricity generation is then determined through the equation shown below basel on the intercept term

and an estimated parameter for steam demand.

ELGENtoua " e °nv'_R x STEMCUR °s'_'_ (27)

where:

ELGEN_,a = Electricity generation for all prime movers,

Glhr'IER = Intercept for electricity generation,

STEMCUR = Total steam demand, and

GSTEAM = Steam demand coefficient.

Generation of electricity is converted from Btu to megawatt hours. Capacity for electric generation is

determined from total generatio n of electricity and hlput data on capacity utilization. The following

equation calculates capacity for el_tric generation.
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I I

ELCAP = ELGENto_a x 109 (28)
GENUTIL x 3412.0 x 365.25 x 24.0

where:

ELCAP = Capacity for electricity generation,

ELGEN,,ffit = Electricity generation from all prime movers,

GEMJ11L = Capacity utilization for cogeneration,

3412.0 = Conversion factor, 3412.0 Btu per kilowatthour,

365.25 = Number of days per year,

24.0 = Number of hours per day, and

10 9 = Conversion factor to convert to megawatts.

Electricity generation for own use is based on an econometric equation (see Appendix E). An intercept

term is calculated on the first call to CALGEN. This intercept is based on 1990 own use generation, total

electricity generation, and a parameter estimate for own use generation.

hi OWNg0 1OIN'I_R = .(EL_OG_ ] (29)

where:

OINTER = Intercept for own use generation,

OWN90 = 1990 electricity generation for own use,

ELGEN_,_ = Electricity generation from all prime movers, and

OGEN = Own use generation coefficient.

Energy_nformationAdministration

NEMSIndustrialDemandModelDocumentationReport 89

i



Electricity generation for own use is then calculated from the following equation.

ELOWN = e°ncreRx ELGEN_o__ (30)

where:

FLOWN = Electricity generation for own use,

OINTER = Intercept for own use generation,

ELGEN_c,t = Electricity generation from all prime movers, and

OGEN = Own use generation coefficient.

Electricity generation for sales to the grid is calculated as the difference between total generation and

generation for own use. Electricity generation is calculated for each of the four prime movers based on

the share of total generation for each prime mover as shown below.

ELGENm = ELGEN_ x GENEQPSHRm (31)

where:

ELGEN,,, = Electricity generation from prime mover m,

ELGEN=,,a = Electricity generation from all prime movers, and

GENEQPSHR,,, = Share of generation for prime mover m.

Total industrial cogeneration for sales to the grid and own use and total capacity for generation are

incremented as the processing of each industry is completed.

Subroutine CALSTOT

CALSTOT calculates total fuel consumption in the BSC component. Fuel consumption for non-steam

turbines is calculated by multiplying electricity generation by internal combustion engines and combustion

turbines by the appropriate heat rates. The equation for internal combustion engines is presented below
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and a similar equation is used for combustion turbines. (Note that ELGEN_cE is calculated in CALGEN

where it is one of the prhne movers.) CALSTOT also calls the subroutine FUELBOIL. FUELBOIL

calculates total fuel consumption in boilers and steam turbines.

GENEQPHTRT_ce (32)ICEFUEL = ELGENice x 3412.0

where:

ICEFUEL = Fuel conmumptionfor electricity generation from internal
combustion engines,

ELGE_c_ = Electricity generation from internal combustion engines,

GENEQPHTRT_ = Heat rate for internal combustion engines, and

3412.0 = Conversion factor to convert from Kwh to Btu.

Steam generated from cogeneration of electricity, shown below for internal combustion turbines, is

determined through the efficiency for each prime mover obtained from the input file. A similar equation

exists for combustion turbines.

(33)
ICESTEAM = (ICEFUEL - ELGEN_e) x GENEQPSTEFF_c e

where:

ICESTEAM = Cogeneration of steam from internal combustion engines,

ICEFUEL = Fuel consumption for electricity generation from internal
combustion engines,

ELGE_c_ = Electricity generation from internal combustion engines,
and

GENEQPSTEFF_:_ = Efficiency for internal combustion engines.
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Steamgeneratedfromboilers is calculatedas thedifferencebetween totalsteam demandand the quantity

of steam generatedfrom internalcombustionengines and combustionturbines.

(34)
BOILSTEAM " STEMCUR - (ICESTEAM + GC_TEAM)

where:

BOILSTEAM = Steam generatedfrom boilers,

STEMCUR = Total steam demand,

ICE_ = Cogenerationof steamfrom internalcombustionengines,
and

GC'TSTEAM ffi Cogenerationof steam from combustionturbines.

Fuel consumption in steam turbines and boilers is processed in the subroutineFUEl__IL called by

CAI_TOT. The four fuels consideredfor cogenerationare coal, oil, naturalgas, andrenewables/other.

The fuels consumed for cogenerationare calculatedby summingfuel consumptionover fuels for each of

the four prime movers. It is assumed that all coal and renewables consumed for cogeneration are

consumed in steamturbines. Internalcombustionengines are assumed to consume only distillateoil, and

all combustion turbines use naturalgas. The following equation is the computationof consumption of

distillate oil for cogeneration. The equations for the otherfuels are similar.

CGFUELoa_,,atr= $TFUELoa + ICEFUEL (35)

where:

CGFUELo_,_, = Consumption of distillate oil for cogeneration of
electricity for all uses in Census region r,

STFUELou = Consumptionof distillate oil in steam turbines, and

ICEFUEL = Fuel consumptionfor electricitygenerationfrom internal
combustionengines.
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The total fuel consumption for cogeneration is shared between generation for own use and sales to the

grid based on the proportion of total generation allotted to each use. The following equation calculates

fuel consumption for own use generation. Fuel consumption for sales to the grid is calculated as the

difference between total fuel consumption for all uses and fuel consumption for own use generation.

ELOW]
CGFUELI,,o_," ffi CGFUELI,to_r X EL---._t,d ] (36)

where:

CGFUELI.,_ , = Consumption of fuel f for eogeneration of electricity for
own use in Census region r,

CGFUELI.,o,,t, = Consumption of fuelf for cogeneration of electricity for
all uses in Census region r,

ELOWN = Electricity generation for own use, and

ELGEN,,,,,a = Electricity generation from all prime movers.

Total industrial fuel use for cogeneration is incremented after each industry is processed.

Subroutine FUELBOIL

FUELBOIL calculates total fuel consumption in boilers and steam turbines. An average intensity, shown

below, is determined from boiler fuel shares and the unit energy consumption to generate steam.

IFSMAX

AVGINT= ___ B$SHRfxEN$1NTf (37)
f=t
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where:

AVGINT = Avera;_e intensity,

IFSMAX = Number of fuels consumed in the BSC component,

BSSHR¢ = Share of total fuel consumption in the BSC component
for fuel f, and

ENSINTf = Intensity of fuel f in the BSC component.

The quantity of steam generated by byproduct fuels is determined by dividing the byproduct energy

produced by the unit energy consumption for each main, intermediate, and renewable fuel.

wsnrrst BYPB$CMf + trS_t BYPBSCIf tFSSfR BYPBSCRfnSrM- f- E YStNTI . ysnvr s OS)

where:

BYPSTM = Amount of steam generated from all byproduct fuels,

IFSBYPM = Number of byproduct main fuels,

BYPBSCM¢ = Byproduct consumption of main fuel f in the BSC
component,

BYSINT/ = Intensity for byproduct fuel f consumed in the BSC
component,

IFSBYPI = Number of byproduct intermediate fuels,

BYPBSCI/ = Byproduct consumption of intermediate fuel fin the BSC
component,

IFSBYPR = Number of byproduct renewable fuels, and

BYPBSCRf = Byproduct consumption of renewable fuel f in the BSC
component.
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The following equation calculates the quantity of steam to be generated from purchased fuels. The

quantity of steam to be generated from purchased fuels is the difference between the amount of steam

consumed in boilers and the amount of steam generated from all byproduct fuels.

STEMCURF = STEMCUR - BYPSTM (39)

where:

STEMCURF = Amount of steam to be generated from purchased fuels,

STEMCUR = Total steam demand, and

BYPSTM = Amount of steam generated from all byproduct fuels.

The total quantity of fuel consumed to generate steam is calculated below from the total steam demand

from purchased fuels, the average intensity, and boiler fuel shares.

ENSQTY/ = STEMCURF x A VGINT x BSSHR/ (40)

where:

ENSQIT/ = Consumption of fuel f to generate steam,

STEMCURF = Amount of steam to be generated from purchased fuels,

AVGINT = Average intensity, and

BSSHR I = Share of total fuel consumption in the BSC component
for fuel f.
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The amount of fuel consumed in the BSC component must be adjusted to exclude the amount of diesel

used in internal combustion engines as shown in the following equation. A similar equation exists to

exclude natural gas consumed in combustion turbines.

ENSQTYf = ENSQTYf- ICEFUEL (41)

where:

ENSQTY/ = Consumption of fuel f to generate steam, and

ICEFUEL = Fuel consumption for electricity generation from internal
eombnstion engines.

The amount of each fuel and byproduct consumed in steam turbines is determined by fuel shares, total

generation from steam turbines, and the heat rate for steam turbines. The following equation calculates

the fuel consumption in steam turbines. A similar equation exists for byproduct fuel consumption in

steam turbines.

- "i-_'arr x ELGENa x 3412.0 (42)

ENSQTY/+ ___ BYSQ
I.1-I .:.l

where:

STFUEL/ = Consumption of fuel f in steam turbines,

ENSQTY: = Consumption of fuel f to generate steam,

IFSMAX = Number of fuels consumed in the BSC component,

IFSBYP = Number of byproducts consumed in the BSC component,

BYSQTY/ = Consumption of byproduct fuelf in the BSC component,

ELGEN_ = Electricity generation from steam turbines,
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GENEQPHTRT,, = Heat rate for steam turbines, and

3412.0 = Conversion factor to convert from kilowatt hours to Btu.

Subroutine INDTOTAL

The consumption estimates derived in the PA, BSC, and BLD components are combined in INDTOTAL

to produce an overall energy consumption figure for each industry. The conslmaptionestimates include

byproduct consumption for each of the main, intermediate, and renewable fuels. Only electricity, natural

gas, and steam include consumption from buildings. For all fuels except electricity and natural gas, the

following equation is used.

Q]TMAIN/, r = ENPMQTY! + ENBQTYn,=a,f + EN$QTYf * BYPBSCM! (43)

where:

QTYMA/_r = Consumption of main fuelf in Census region r,

ENPMQTYf = Consumption of main fuel f in the PA component,

ENBQTY_f = Consumption of fuel f for all buildingend uses,

ENSQTYf = Consumption of fuelf to generate steam, and

BYPBSCMf = Byproduct consumption of main fuel f to generate
electricity from the BSC component.

Consumption of electricity is defined as purchased electricity only, therefore, electricity generation for

own use is removed from the consumption estimate.

(2rTMA/N,=,c_,=F_PMOrY,=,c. ENBOTY,,,=_=,c- ELO_,TV (44)

where:
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Q1TMAINa_c., = Consumption of purchased electricity in Census region
r,

ENPMQTYet, c = Consumption of electricity in the PA eomponem,

ENBQTY_,,#.,_c = Consumption of electricity for all building end uses, and

FLOWN = Electricity generated for own use.

Subroutine NATTOTAL

After processing all four Census regions for an industry, NATTOTAL computes a national industry

estimate of energy consumption. This subroutine also computes totals over all fuels for main,

intermediate, and renewable fuels. Total consumption for the entire industrial sector for each main,

intermediate, and renewable fuel is determined by aggregating as each industry is processed as shown in

the following equation.

/NDMAX

TQMAINf,r = _, QTYMAINf_. (45)
i=1

where:

TQMA/Nf., = Total consumption for main fuel f in Cereus region r,

INDMAX = Number of industries, and

QTYMA/N/., = Consumption of main fuel f in Census region r.
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Subroutine INDEMISS

INDEMISS is the subroutine that calculates emissions for each industry. Emissions are calculated for

each of the following pollutants: carbon, carbon monoxide, carbon dioxide, methane, sulfur dioxide,

nitrogen oxide, volatile organic compounds, and particulates. Emissions for each fuel and pollutant are

based on uncontrolled and controlled emissions factors. Emissions are calculated for the main fuels and

renewable fuels. No emission calculations are necessary for intermediate fuels. The equation below

calculates emissions for each renewable fuel. Emissions from renewable fuels are calculated similarly.

Currently, only carbon emissions have been implemented.

EMIRENWI_,r = QTYRENWI, ,. x UNCONTEMISSFACTI_ , x EMISSCONTROLFACf, p (46)

where:

EMIRENWI, p,r = Emissions of pollutant p from renewable fuel f
in Census region r,

QTYRENWI, , = Consumption of renewable fuel f in Census
region r,

UNCONTEMISSFA6Tf, p = Uncontrolled emission factor for pollutant p
using fuel f, and

EMISSCONTROLFAQp = Emissions control factor for pollutant p using
fuel f.

For emissions of SOx, the following equation is used..

EMIRENWI_x. r = EMIRENWI, sox,, x SULFURCONT I (47)

where:

EMIRENWf._,.r = Emissions of SOx from renewable fuel fin Census region
r, and

SULFURCONTf = Sulfur content of fuel f.

EnergyInformationAdministration

NEMS IndustrialDemand Model DocumentationReport 99



Total emissions from all renewable fuels and emissions from the industrial sector are calculated in the

two equations below.

where:

TOTEM!S,o_,p., = Total emissions of pollutant p from renewables in
Census region r, and

EMIRENWzv., = Emissions of pollutantp from renewable fuel f in Census
region r.

INDMAX

TeMISl,- EMIINleI , (49)
i-1

where:

TEMISRzp., = Total emissions of pollutant p for renewable fuel f in
Census region r,

INDMAX = Number of industries, and

EMIRENWI, p,, = Emissions of pollutant p from renewable fuel f in Census
region r.

Subroutine CONTAB

CONTAB is responsible for reporting consumption values for the energy-intensive industries and energy

consumption for heat and power for non-energy-intensive industries. Energy consumption for
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manufacturing heat and power is computed by summing total consumption of each fuel over all the

manufacturing industries. The consumption for heat and power will include consumption from the

energy-intensive industries. The following fuels are considered for manufacturing heat and power:

electricity, natural gas except for feedstock and lease and plant gas, steam coal, coking coal, net coke

imports, residual oil, distillate oil, liquid petroleum gas, still gas, petroleum coke, other petroleum and

total renewables. The following equation calculates consumption of main fuels for manufacturing heat

and power. A similar equation exists for renewable fuels.

INDMAX NUM_

TMANHPf = _ _ QTYMAINf,,o _ (50)
i,7 f,,1

where:

TMANHP I = Total manufacturing consumption of fuel f for heat and
power,

INDMAX = Number of industries,

NUM/g = Number of fuels in fuel group fg, and

QTYMA/NI, _ = Consumption of main fuel f in all Census regions.

Energy consumption for non-manufacturing heat and power is considered separately from the

manufacturing industries. Fuels considered for non-manufacturing heat and power include: electricity,

natural gas, steam coal, residual oil, distillate oil, liquid petroleum gas, motor gasoline, renewables and

other petroleum. A consumption table is also produced for miscellaneous feedstocks. All industries are

included here and the following fuels are considered: natural gas feedstocks, liquid petroleum gas

feedstocks, asphalt and road oils, petrochemical feedstocks, lubes and waxes, and other petroleum

feedstocks.

A consumption table for each of the energy-intensive industries is produced in CONTAB. Consumption

figures are reported for each of the fuels used in each particular industry. There is a total renewables
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fuel group for each energy-intensive industry. Consumpt.ion for the chemical industry includes bulk

chemicals and the non-energy-intensive industry other chemicals. The equation below calculates

consumption of main fuels in the food and kindred products industry. All other energy-intensive

industries have similar equations.

NUM/t

TFOODCONf = E QT_tN.f, to_ (51)
/.l

where:

ITOODCON/ = Total consumption of fuel f in the food and kindred
products industry,

NUMa = Number of fuels in fuel group fg, and

QTYMA/N/,I,_ = Consumption of main fuel f for all Census regions.

Subroutine WRBIN

WRBIN writes data for each industry to a binary file. Two different binary files are created. The first

contains variables and coefficients that do not change over years, but change over industries. This binary

file also contains data that do not change over years, but change over processes. The second binary file

contains data that change from year to year.

Subroutine INDCGN

After all industries and regions have been processed, INDCGN calculates industrial cogeneration variables

to report to NEMS. Two files are opened to read existing capacity for 1990 and 1991 and planned

capacity for the years 1992 to 1996. The first file reads year, existing capacity, Census region, and fuel

type for the following four fuels: coal, oil, natural gas, and other. The second file reads planned
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capacity for the years 1992 to 1996, Census division, SIC, prime mover, year, and fuel type. Existing

capacity for 1990 and 1991 and planned capacity for 1992 through 1996 are shared out between own use

and sales to the grid based on the ratio of own use generation to total generation of electricity.

Existing capacity was shared from Census regions to Census divisions based on the electricity share for

each Census division from 1990 SEDS. For 1990 and 1991, the following equation is used for own use

generation. A similar equation exists for generation for sales to the grid.

ewror, ]
= X CAPP, EGr,y,C;total x DII_It.A_ d (52)

CAPDa'Y/'°_'t ELOTOT, + ELSTOTr

where:

CAPDd,yj.o_ = Existing or planned capacity for cogeneration of
electricity for own use for Census division d using fuel

fin year y,

ELOTOT, = Total industrial electricity generation for own use in
Census region r,

ELSTOT, = Total industrial electricity generation for sales to the grid
in Census region r,

CAPREGr.y.Zk,ua = Existing capacity for cogeneration of electricity for all
uses for Census region r using fuel f in year y, and

DIVSHAREd = Electricity share for Census division d.

For the years 1992 through 1996, the capacity for each Census division is augmented with the planned

capacity for each Census division, fuel, use, and year. The following equation is the equation for own

use and the equation for sales to the grid is similar.
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ELOTOT, Ix
CaPDd, y,f.o_pI = CAPD,_,.,/,o_,_t+ ELOTO-_ ; "E-'LSTOTr] CAPDIVd_'f_°ud*' (53)

where:

CAPDd,y_o_pl = Existing or planned capacity for cogeneration of
electricity for own use in Census division d using fuel f
in year y,

CAPD,,,rl:o_pt = Existing or planned capacity for cogeneration of
electricity for own use in Census division d using fuel f
in year y-l,

ELOTOT, = Totalindustrial electricity generation for own use in
Census region r,

ELSTOTr = Totalindustrial electricity generation for sales to thegrid
in Census region r, and

CAPDl"Vd.y.f.._cat.pt = Planned capacity for electricity generation for all uses
for Census division d using fuel f in year y.

The following equation calculates fuel consumption for each Census division.

D VFUEL_f,. = GENTOTf,,,,rx DIVSHARE d (54)

where:

DIVFL,_I,,, = Consumption of fuel f for cogeneration of electricity for
use u in Census division d,

GENTO_,4,. = Total consumption of fuel f for cogeneration of
electricity for use u in Census region r, and

DIVSH.,4RE d = Electricity share for Census division d.

Total generation, generation for own use, and generation for sales to the grid are shared from Census

regions to the Census divisions. The shares are 1990 electricity shares for each Census division from
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the State Energy Data System 1990 (SEDS). Capacity for own use generation and generation for sales

to the grid are also shared from Census regions to Census divisions. Own use generation and generation

for sales to the grid are converted from trillion Btu to gigawatt hours. Capacity for own use and sales

to the grid are converted to megawatts. The following equation computes capacity for own use. A

similar equation is used to calculate capacity for sales to the grid.

ELOTOTr ] [ DIVFUELd, f.own (55)

CAPGWa.f_wn.,t = ELCTOT r x ELO_ r -_-E-"LSTOTr] x DIVSHARE d X [DIVFUELd_otato,

where:

CAPGW_o_,_pt = Existing or planned capacity for eogeneration of
electricity for own use using fuelf in Cereus division d,

ELCTOT, = Capacity for industrial electricity generation in Census
region r,

ELOTOTr = Total industrial electricity generation for own use in
Census region r,

EI_TOTr = Total industrial electricity generation for sales to the grid
in Census region r,

DIVSHAREd = Electricity share for Census division d,

D/VFUEL_o_ = Consumptionof fuelf for eogeneration of electricity for
own use in Census division d, and

DIVFUELd.ta_own = Consumption of all fuels for eogeneration of electricity
for own use in Census division d.
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The following equation calculates electric generation for own use.

[ DIVFUELd¢'°_ 1 106 (56)GENGWHd¢,o_ = ELOTOT r x DIVSHARE d x DlVFUELd, to_,own]x 3412.0

where:

GENGWH, t_o_,, = Cogeneration of electricity for own use using fuel f in
Census division d,

ELOTOTr = Total industrial electricity generation for own use in
Census region r,

DIVSHAREd = Electricity share for Census division d,

DIVFUELd,zown = Consumption of fuel f for eogeneration of electricity for
own use in Census division d,

DlVFUF_d, tougown "" Consumption of all fuels for cogeneration of electricity
for own use in Census division d, and

1&/3412.0 = Conversion factor to convert trillion Btu to megawatts.

For the years 1990 to 1996, planned capacity is obtained from the following equation and unplanned

capacity is set equal to zero.

CAPGWd,f,u,pt = CAPD d,y4_,,vz (57)

where:

CAPGW, ty,,,_pt = Existing or planned capacity for eogeneration of
electricity for use u using fuel f in Census division d,
and

CAPDd.y_,,.pt = Existing or planned capacity for cogeneration for use u
in Census division d using fuel f in year y.
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For all years after 1996, if the previous year's capacity for electricity generation is less than or equal to

the current year's capacity, then the following equation calculates planned capacity.

CAPGWdj.u#,t = CAPOd.y_,.f.uat+ [CAPGWd.f.ua' - CAPGWLAGd.y.f.uat] (58)

where:

CAPGWd,.f,,u.pt = Planned capacity for cogeneration of electricity for use
u using fuelf in Census division d,

CAPDa,y.l,f,,t_pt = Existing or planned capacity for eogeneration for use u
using fuelf in Census division d in year y-l,

CAPGWd,I,,,,pt = Planned capacity for eogeneration of electricity for use
u using fuelf in Census division d, and

CAPGWLAGdj,u.pt = Lagged planned capacity forcogeneration ofelectricity
for use u using fuelf in Census division d.

If the previous year's capacity is greater than the current year's capacity, then the following equation is

used.

CAPGWd.f.u.pt= CAPDa,y_z,f,w,t (59)

where:

CAPGWd,z.._ = Planned capacity for cogeneration of electricity for use
u using fuelf in Census division d, and

CAPD,f,y.lz,,,_ = Existing or planned capacity for cogeneration of
electricity for use u using fuel f in Census division d in
year y-1.
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Subroutine WEXOG

WEXOG is the subroutine that reports variables to NEMS. All consumption values calculated at the

regional level must be shared to the Census division level. The shares, computed in the following

equation, are based on 1990 SEDS fuel consumption data. In the first and second model year, this

subroutine calls IBSEDS to calculate benchmark factors for consumption.

QSELINd._99o

FUELSHAREaec, d = ,vvu, (60)

QSELINd, t99o
dr1

where:

FUELSHARE,_c. d = Share of consumption of electricity in Census division d,

QSELINd.I_ = SEDS consumption of electricity in Census division d in
1990, and

NUM, = Number of Census divisions in Census region r.

The shares for renewable fuels, calculated through the following equation, are based on the value of

output from the paper and lumber industries since most renewable fuel consumption occurs in these

industries.

OUTINDI3a + OUTINDna
DSRENW/_z = NUU, (61)

E (O[/'T/NDI3,d + OUTINDII,,d)
d=l
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where:

DSRENWf, d "- Share of output for renewable fuel f in Census division
d,

OUTINDIj, d = Gross value of output for the paper and allied products
industry in Census division d,

OUTINDH,d = Gross value of output for the lumber and wood products
industry in Census division d, and

NUM, = Number of Census divisions in Census region _.

Energy consumption for each main and renewable fuel is computed by multiplying the consumption

computed by the model at the Census region level by the appropriate Census division share.

DQMAIN/_ -- TQMAIN/: x FUELSHARE/d (62)

where:

DQMA/Nf, d = Consumption of main fuel f in Census division d,

T_/IAINf, r = Total consumption of main fuelf in Census region r, and

FUELSHAREf. d = Share of consumption of fuel f in Census division d.

Petroleum refineries lease and plant natural gas use, and fuels consumed for cogeneration in the oil and

gas industry are not modeled explicitly in the industrial model. However, energy consumption from these

industries is accounted for in total consumption from the industrial sector. Therefore, computed energy

consumption values must be augmented by fuels consumed by refineries. In particular, the following

fuels are consumed by refineries: electricity, natural gas, steam coal, residual oil, distillate oil, liquid

petroleum gas, still gas, petroleum coke, and other petroleum. The following equation computes

industrial consumption of natural gas for each Census division. All other fuels have similar equations

with refinery consumption and oil and gas consumption included only where appropriate.
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BMAINng.a = DQMAINf. + QNGRFa.y +__, CGOGQd.y.ns.u (63)
3 u=l

where:

BMAIN, g.d = Consumption of natural gas in Census division d,

DQMAIN/.d = Consumption of natural gas fuel f in Census division d,

QNGRFd,y = Natural gas consumed by petroleum refining industry in
Census division d in year y, and

CGO_.y.,_., = Commnption of natural gas from cogeneration of
electricity for use u in enhanced oil recovery in Census
division d in year y.

Also accounted for in WEXOG are the supply of coal liquids and coal gases as shown in the following

equation for industrial coal eomumption.

2

B.MAlNc,at,a = DQ,MAllV_,ad + QCLRF,_ + COPRCI.,Q,_ + COPRCLG_ + _ CGOG'Q_,c**O, (64)
.,, 1

where:

BMAINa,aLd -- Consumption of coal in Census division d,

DQMAIN_,,t d = Consumption of coal in Census division d,

QCLRF_y = Coal consumed by petroleum refining industry in Census
division d in year y,

COPRCLQ,,y = Supply of coal liquids in Census division d in year y,

COPRCLG,,.y = Supply of coal gases in Census division d in year y. and

CGOG_.y.,o,_u = Consumption of coal from cogeneration of electricity for
use u in enhanced oil recovery in Census division d in
year y.
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After all industrial consumption has been accounted for, the resulting values are benehmarked to SEDS

consumption values that are calculated in the subroutine IBSEDS. Consumption of renewable fuels are

benchmarked to the values in the Annual Energy Review June 1993.

MS_y_YlR BENCHFA C//t1 (65)
OTHIND/,d - BMAIN/,d x _.0 ] - BMAIN'f'a

where:

OTHIND/, d = Consumption of fuel f for "other industry" in Census
division d,

BMAINf, d --- Consumption of fuel f in Census division d,

MSEDYR = Index of SEDS years, and

BENCHFAC:d = Benchmark factor for fuel f in Census division d.

Benchmarked consumption values are then passed into the appropriate variables for reporting to NEMS.

The following equation calculates consumption of electricity. Equations for other fuels are similar.

QELIN_ = BMAINa_c_t + OTHIND,tec a (66)

where:

QELINd.y = Industrial consumption of electricity in Census division
d in year y,

BMAIN, t,#.d = Consumption of electricity in Census division d, and

OTHIND,t,c.d = Consumption of electricity for "other industry" in
Census division d.
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The following two equations represent the consumption of core and non-core natural gas.

QGFINda = [BMAINng.d + OTHINDng.d] x DQMAINc"g'e +-.DQMAINfds'd] (67)
BMAINns_ ]

where:

QGFINa.y = Industrial consumption of core natural gas in Cereus
division d in year y,

BMAINne.d = Consumption of natural gas in Census division d,

OTHIND,g.d = Consumption of natural gas for "other industry" in
Cereus division d,

DQMAIN_.d = Consumption of core natural gas in Census division d,
and

DQMAIN_, d = Consumption of feedstock natural gas in Census division
d.

where:

QGI1Nd.y = Industrial consumption of non-core natural gas in Census
division d in year y,

BMAINn&.d = Consumption of natural gas in Census division d,

OTHIND_,d = Consumption of natural gas for "other industry" in
Census division d, and

QGFINd,y = Industrial eomumption of core natural gas in Census
division d in year y.
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Consumption of total petroleum is calculated as follows.

15

QTPINd,y = _ BMAIN/_ + OTHIND:,d (69)
.f.6

where:

QTPINd.y = Industrial consumption of total petroleum in Census
division d in year y,

BMAIN/.d = Consumption of fuel f in Census divisiond, and

OTHl?,rOSd = Consumption of fuel f for "other industry" in Census
division d.

Industrial consumption of biomass is calculated in the following equation.
f

where:

QBMINd.y = Industrial consumptionof biomass in Census division d
in yeary,

DQRENW/. d "- Consumption of renewable fuel f in Census division d,

CCrOGQd.y.b_, u _-" Consumptionof biomass from cogenerationof electricity
for use u in enhanced oil recovery in Census division d
in year y, and

QBMRFd,y = Biomass consumed by petroleum refining industry in
Census division d in year y.
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Consumption of total renewables is calculated through the following equation.

QTRINa,y = QHOINd,.v+ QBMINdo, + QGEINd,y + QSTINao, + QPVINa,y + QMINa,y + QMSIN_y (71)

where:

QTRINa,y = Industrial consumption of total renewables in Census
division d in year y,

QHOINd,y = Industrial consumption of hydropower in Census division
din year y,

QBMIN#,y = Industrial consumption of biomass in Census division d
in year y,

QGEI"N#,y = Industrial consumption of geothermal in Census division
d in year y,

QST/N_y = Industrial consumption of solar thermal in Census
division d in year y,

QPWN_y = Industrial consumption of photovoltaic in Census division
d in year y,

QWIIN,ty = Industrial consumption of wind in Census division d in
year y, and

QMSIN_,y = Industrial consumption of municipal solid waste in
Census division d in year y.

Currently, only biornass (including pulping liquor) and hydropower are implemented in the model.

Variables pertaining to industrial cogeneration of electricity including generation for own use and sales

to the grid, capacity, and fuel consumption are also passed to the appropriate NEMS variables.
!

Cogeneration data from the refining and oil and gas industries are included in the industrial cogeneration

data passed to NEMS as shown in the following equation for capacity. Similar equations are used to

incorporate refining and oil and gas cogeneration for own use and sales to the grid as well as fuel

consumption.
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CGINDCAPd.y,f.u_t = CAPGWd.f_#t + CGRECAPd.y/_, t + CGOGCAPd.y¢_' (72)

where:

CGINDCAPd.yj.u.pt = Industrial planned capacity for cogeneration for use u
using fuel f in Census division d in year y,

CAPGTCd.f._pl = Existing or planned capacity for cogeneration of
electricity for use u using fuel f in Census division d,

CGRECAPd.yj.u.pt = Refinery planned capacity for cogeneration for use u
using fuel f in Census division d in year y, and

CGOCrCAP_.yj._pt = Oil and gas planned capacity for cogeneration for use u
using fuel f in Census division d in year y.

Total consumption is calculated below.

CGINDQ_,f.u = DIFFUELd, f_ + CGREQ_,f_, + CGOGQd,y,f,u (73)

where:

CGINDQ,t.y.z, = Industrial consumption of fuel f for cogeneration of
electricity for use u in Census division d in year y,

D[VF-IJF__d.y.. u = Consumption of fuel f for eogeneration of electricity for
use u in Census division d,

CGREQd,yj,,= = Consumption of fuel f from cogeneration of electricity
for use u in refineries in Census division d in year y,
and

CGO_yj.= = Consumption of fuel f from eogeneration of electricity
for use u in enhanced oil recovery in Census division d

in year y.
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Consumption values for manufacturing heat and power must be augmented by fuels purchased for

refineries before passing to NEMS as shown in the following equation.

MANHPaec,y= TMANHPetec+ QELRFd,y (74)

where:

MhNHPaec, y = Consumption of electricity for manufacturing heat and
power in year y,

TMANHP,_c = Total manufacturing consumption of electricity for heat
and power, and

QELRFd,y = Electricity consumed by petroleum refining industry in
Census division d in year y.

Consumption of natural gas, coal, residual, distillate, liquid petroleum gas, still gas, petroleum coke, and

others are calculated in a similar fashion.

Consumption for non-manufacturingheat and power is adjusted to include consumption from oil and gas

mining.

2

NONHPIa = TNONHPf + _, C_,o_a_,¢, u (75)
u=l

where:

NONHPI.y = Consumption of fuel f for non-manufacturing heat and
power in year y,

TNONHPI = Total non-manufacturing consumption of fuel f for heat
and power, and

CGOGQ,,_yj,, = Consumption of fuel f from cogeneration of electricity
for use u in enhanced oil recovery in all Census
divisions in year y.
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Consumption for miscellaneous feedstocks in each of the energy-intensive industries are passed to the

appropriate variables for usage by NEMS. Emissions are computed based on the benchm_arked values

shown below.

DEMIMAINf,,a = [BMAINf,a + OTHINDj,,a] x UNCONTEMISSFACTf# x EMI$$CONTROLFACf# (76)

where:

DEMIM.AINf,p,d - Emissions of pollutant p from main fuel f in
Census division d,

BMAINf,d = Consumption of main fuel f in Census division
d,

OTHIND_d = Consumption of fuel f from other industry in
Census division d,

UNCONTEMISSFACTf.p = Uncontrolled emission factor for pollutant p
using fuel f, and

EMISSCONTROLFAC_p = Emissions control factor for pollutant p using
fuel f.

Emissions for natural gas and liquid petroleum gas must be adjusted to remove feedstocks as shown in

the following two equations.

DEMIMAIN_,d = (BMAIN,_d + OTHIND_d) - (BENCHFACng,a x DQMAIN_, a) +

(BENCHFAC,_ x QLPINa, y x UNCONTEMISSFACTc_,, x EMISSCONTROLFACc_ _ + (77)

(BENCHFA C_, d x DQMAINns,a x UNCONTEMISSFA CTIn$_, x EMI$SCONTROLFA Cj_p

where:

DEMIMAIN_,,,,,d = Emissions of pollutant p from natural gas in
Census division d,
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BMAINng.d = Consumptionof naturalgas in Census division
d,

OTHINDn&.d = Consumptionof naturalgas from other industry
in Cereus division d,

BENCHFACng, d = Benchmark factor for natural gas in Cereus
division d,

DQMAIN,,,.d = Consumption of naturalgas in Census division
d,

_PINa.r = Industrialconsumptionof lease andplant natural
gas in Censl,._division d in year y,

UNCONTEMI$SFACT,_.p = Uncontrolled emission factor for pollutant p
using core naturalgas,

EMI$$CONTROLFAC,,,8.p = Emissions control factor for pollutantp using
core naturalgas,

UNCONTEMI$$FACI'_.p = Uncontrolled emission factor for pollutant p
using feedstock natural gas, and

EMISSCONIROLFACf,_.p = Emissions control factor for pollutantp using
feedstock naturalgas.

DEMIMAIN_sad = ((BMA/N_sA + OTHIND_ - (BENCHFAC_s_ x DQMAIN_d) (78)
x (UNCOmr.MZSSFACT h,..x EMSSCON'nOZ2, q,,)+

(BENCHFA C_ x DQMA1N_d x UNCONTEMISSFACT_,_mx EMISSCONTROLFAC_

where:

DEMIMAIN_.p.a = Emissions of pollutantp from liquid petroleum
gas in Census division d,

BMAIN_.d = Consumptionof liquid petroleumgas in Census
divisiond,

OTHIND_.d = Consumption of liquid petroleum g_ from
"otherindustry" in Cereus division d,
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BENCHFAC_. d = Benchmark factor for liquid petroleum gas in
Census division d,

DOjldAINtt,g,d =' Consumption of liquid petroleum gas in Census
division d,

UNCONTEMISSFACTo,g_. p = Uncontrolled emission factor for pollutant p
using liquid petroleum gas for heat and power,

EMISSCONTROLFACo,_,, v = Emissions control factor for pollutant p using
liquid petroleum gas for heat and power,

UNCONTEMISSFACT_.p = Uncontrolled emission factor for pollutant p
using liquid petroleum gas for feedstocks, and

EMISSCONTROLFACo,_, p = Emissions control factor for pollutant p using
liquid petroleum gas for feedstocks.

For emissions of SOx the following equation is used. Currently, only carbon emissions have been

implemented.

DEMIMAINfj,, a = DEMIMAINfj,_ t x $ULFURCONTf (79)

where:

DEMIMAINf.p.d = Emissions of pollutant p from main fuel f in Census
division d, and

SULFURCONT/ = Sulfur content of fuel f.

Emissions for renewables are calculated by the equation below.

OEMtPN,,, = rrMtS, x (so)
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where:

DEMIRENW/.p.d = Emissions of pollutant p from renewable fuel f in Census
division d,

TEMISRf.p.r = Total emissions of pollutant p from renewable fuel f in
Census region r, and

DSRENW/.d = Consumption of renewable fuel f in Census division d.

Emissions are calculated through the following equations. Emissions of methane and particulates are

assigned a value of zero.

NUM/I

EMINCXfj,_ = _ DEMIMAINf_t (81)
f.1

where:

EMINC_.p.d.y = Emissions of pollutant p from fuel f in Census division
d in year y,

NUMyg = Number of fuels in fuel group fg, and

DEMIMAIN/,p.d = Emissions of pollutant p from main fuel f in Census
division d.

- EMINCX/_,n'nao' (82)
EMINC/_,y 106

where:

EMINC/..p.y = Industrial emissions of pollutant p from fuel f in year y,

EnergyInformationAdministration

NEMSIndustrial DemandModel DocumentationReport 120



EMINCX:p.to_y = Emissions of pollutant p from fuel f in all Census
divisions in year y, and

10 6 -" Conversion factor to convert to million metric tons.

Subroutine IBSEDS

IBSEDS calculates benchmark factors for consumption. The benchmark factors are based on the ratio

of SEDS consumption of the fuel to the consumption calculated by the industrial model.

BENCHFACf_ = SED$INDf_ (83)
BMAINf,d

where:

BENCHFAC/. d = Benchmark factor for fuel f in Census division
d,

SEDSIND/d = SEDS consumption of fuel f in Census division
d, and

BMAIN:d = Consumption of main fuel f in Census division
d.

The benchmark factor for biornass is computed as follows.

BIOFUELS a
BENCHFACb, _ = 3 (84)

f-2

where:

BENCHFAC_d = Benchmark factor for biomass in Census division
d,
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BIOFUELS d = Consumption of biofuels in Census division d,
and

DQRENW/.a = Consumption of renewable fuel f in Census
division d.

A category labeled "Other Industry" is computed as the difference between the benchmarked consumption

and the modeled consumption.

OTHIND/, d = (BENCHFA Cf,d x BMAIN/,d)- BMAIN.f,d (85)

where:

OTHIND/,,_ = Consumption of fuel f for "other industry" in
Census division d,

BENCHFAC/.d = Benchmark factor for fuel f in Census division
d, and

BMA/N/,_ = Consumption of main fuel f in Census division
d.

Subroutine RDBIN

RDBIN is called by the main industrial subroutine ISEAM on model runs after the first model year. This

subroutine reads the previous year's data from the binary files. The previous year's values are assigned

to lagged variables for price, value of output, and employment. The previous year's UECs, TPC

coefficients, price elasticities, and intercepts are read into the variables for initial UEC, TPC, price

elasticity, and intercept. Process specific data is read into either a lagged variable or an initial estimate

variable. Three cumulative variables are calculated in this subroutine for future use. A cumulative output

variable, a cumulative UEC, and a cumulative production variable are computed for each fuel and process

step.
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MODCAL

MODCAL performs like the main industrial subroutine ISEAM in all years after the first model year.

In subsequent years, no data must be read from the input files, however, UECs and TPC coefficients

must be adjusted to reflect the new model year, whereas the first model year uses only initial estimates

of these values. MODCAL calls the following subroutines: CALPROD, CALCSC, CALPRC,

CALPATOT, CALBYPROD, CALBTOT, CALGEN, CALBSC, CALSTOT, INDTOTAL, NATTOTAL,

INDEMISS, and CONTAB. Similar to the functioning of ISEAM, the subroutines NATTOTAL,

INDEMISS, and CONTAB are called only after the last region for an industry has been processed.

Subroutine CALPROD

CALPROD determines the throughput for production flows for the process and assembly component.

Existing old and middle vintage production is adjusted by the retirement rate of capital through the

following equations for the manufacturing industries.

PRODCURotd_= [PRODCURotd_+ IDLCAPot,_] x (1 - PROD._TR s) (s6)

where:

PRODCURoz.s = Existing production for process step s for old vintage,

IDLCAPo_.s = Idle production at process step s for old vintage, and

PRODRETRs = Retirement rate at process step s.

PRODCUR,,ad,s = (PRODCUR, a,ts + PRODCUR,,_ x (1 - PRODRETR s) (87)
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where:

PRODCUR,,_s = Existing production at process step s for mid vintage,

PRODCUR,,_,s = Production at process step s for new vintage,

PRODRETR s = Retirement rate at process step s.

For the non-manufacturing industries, the following two equations are used for old vintage and middle

vintage production.

PRODCURota,s - PRODCURota,s + IDLCAPota,s (88)

where:

PRODCURo_,, = Existing production at process step s for old vintage, and

IDLCAPo_s -- Idle production for process step s for old vintage.

PRODCUR,,_ - PRODCUR,,_ + PRODCUR,,_,,_ (89)

where:

PRODCUR,,,t., = Existing production at process step s for mid vintage, and

PRODCUR,,_._ = Production at process step s for new vintage.

Total production throughput for the industry is calculated. If the initial UEC is in physical units, the

value of output for the current year is multiplied by the fixed ratio of physical units to value of output

calculated on the first model run in the subroutine PDATA.

PRODXi,r = PHDRAT x PRODVXi. , (90)
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where:

PRODXi,,. = Value of output in physical units for industry i in Census
region r,

PHDRAT = Ratio of physical units to value of output, and

PRODVX_.r = Value of output for industry i in Census region r.

If the initial UEC is in dollar units, then the current year's value of output is used to determine total

prodvction throughput.

For each process step that is linked to final consumption, then the total production throughput is

calculated by the following procedure:

1. The total production throughput for all vintages is calculated in the following equation

by multiplying the down-step throughput to the process step by the value of output.

PRODCUR_at, s = PRODFLOWota,s,t x PRODXi, r (91)

where:

PRODCURt,,_s = Production at process step s for all vintages,

PRODFLOW,_,s,_ = Down-step throughput to process step s by link l for old
vintage, and

PRODX_.r = Value of output for industry i in Census region r.

2. If the total production throughput for all vintages is greater than the existing old and

middle vintage production, then new production must be added. The new production

becomes the difference between the total production throughput for all vintages and

existing production.
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PRODCUR,,,.,.., = PRODCURtotot., - PRODCURo_.s - PRODCURm_., (92)

where:

PRODCUR_., = New production at process step s for new vintage,

PRODCUR,o,_, = Total production at process step s for all vintages.

PRODCURow., = Existing production at process step s for old vintage, and

PRODCUR_a., = Existing production at process step s for mid vintage.

Middle vintage production is unaltered.

3. If the total production throughput for all vintages equals existing production, then no new

production is installed and middle vintage production is unaltered.

4. If the total production throughput for all vintages is less than existing production, then

no new production capacity is installed. Idle production becomes the difference between

total production throughput for all vintages and existing production. Idle production is

determined through the following equation.

IDLCAPow., = PRODCURot, u, + PRODCUR,,_ - PRODCUP,,otau (93)

where:

IDLCAPa_s - Idle production for process step s for old vintage,

PRODCUR_., = Existing production at process step s for old vintage,

PRODCUR,,,_., = Existing production at process step s for mid vintage,
and

PRODCUR_z , = Production at process step s for all vintages.

Old vintage production is then reduced by the following equation:
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PRODCURota,s = PRODCURout,s - iDLCAPota,, (94)

where:

PRODCUR,,_,, = Existing production at process step s for old vintage, and

IDLCAPotd,s = Idle production for process step s for old vintage.
,!

If the process step is not linked to final consumption, then the following procedure determines production

for the process step:

1. If no new production has been added, then the total production for the current process

step is augmented by multiplying the down-step throughout by the total production

throughput of the f'mal consumption. This is shown in the following two equations.

PRODSUM,_,,,t = PRODCURmua,., x PRODFLOWa, ts,t (95)

where:

PRODSUM,,_.,.t = Amount of throughput used at process step s through
link l for new vintage,

PRODCUR, o,,ue = Production at process step IP linked to process step s
through link I for all vintages, and

PRODFLOW,,et.s.t = Down-step throughput to process step s linked by link l
for old vintage.

PRODCUP_oua,s = PRODCURu,tat,, + PRODSUM,_,,, t (96)

where:

PRODCUR_,,a., = Production at process step s for all vintages, and
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PRODSUMn,,w,,.t = Amount of throughput used at process step s through
link I for new vintage.

If the current link is the last link for the process step, then there is no new capital

installed. Production for old vintage becomes the difference between the total for all

vintages and the production for middle vintage.

PRODCURota._ = PRODCUI_ua, ' - PRODCURm_.s (97)

where:

PRODCUR,,_., = Existing production at process step s for old vintage,

PRODCUR,a,a., = Production at process step s for all vintages, and

PRODCUR,,_., = Existing production at process step s for mid vintage.

If the production for old vintage is less than zero, then all of the old and part of the

middle vintage production is retired. If the production for middle vintage is less than

zero, then the remaining middle vintage production is retired.

2. If new production is added, then production is augmented by multiplying the down-step

throughput to the current process step through the current link as shown in the equations

below.

PRODS UM,L._.,j = PRODC UR,_.,, x PRODFLO W,_._.,.t (98)

where:

PRODSUM,,_,,,_ = Amount of throughput used at process step s
through link I for new vintage,
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PRODCUR,_je = Production at process step IP linked to process
step s through link I for new vintages, and

PRODFLOW,_.,.t = Down-step throughput to process step s linked
by link I for new vintage.

PRODCURn_.' = PRODCURn_.' + PRODSUM.,.w.,.t (99)

I
i

where:

PRODCUR,_., - Production at process step s for new vintage,
and

PRODSUM,_._.t - Amount of throughputused at process step s
throughlink I for new vintage.

If the current link is the last link for the process step, then middle vintage production is

unaltered.

If the new productionat the firstprocessstep is not zero, then the total productionat a particularprocess

step is determined by summing the production for old, middle, and new vintage.

Subroutine CALCSC

CALCSC is called to update unit energy comumption. CALCSC calls one of three subroutines,

CALCSC1, CALCSC2, or CALCSC3dependingon the type of approachfor a particularfuel, process

step, and industry. CALCSC1maintainsconstant UECs. CALCSC2 applies the econometric approach

for non-energy-intensive industries. CALCSC3 applies the engineeringapproach for energy-intensive

industries.
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Subroutine CALCSC 1

CALCSC1 updates UECs based on the previous year's UEC. Unit energy consumption for each fuel,

process step, and vintage is updated in the equation below. This approach yields constant UECs over

time.

ENPINT,,f,, = ENPINTLA G,,f,, (100)

where:

ENPINT_:,s = Unit energy consumption of fuel f at process step s for
vintage v, and

ENPINT_G,j., = Lagged unit energy consumption of fuelf at process step
s for vintage v.

Subroutine CALCSC2

CALCSC2 updates UECs through an econometrically estimated equation. Energy savings, or the location

on the technology possibility curve, is calculated in the following equation for old and new vintage and

is based on the total cumulative output raised to the coefficient.

(101)

csccu : :--'[CUMOVr,
l

where:

CSCCUR,_, = Current energy savings at process step s for fuel f for
vintage v,
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CUMOUT,,,_., = Cumulative output, from 1958 through the lag of the
current year, at process step s for all vintages, and

BCSCv.zs = Energy savings coefficient at process step s for fuelfand
vintage v.

As noted on page 121, CUMOUT is calculated in RDBIN.

The unit energy consumption for old and new vintage is calculated by multiplying the intercept term

calculated in CALINTER by the current energy savings.

ENPINTv/_ = EINTERv/,, x CSCCURv/_ (102)

where:

ENPINTvj., = Unit energy consumption of fuel f at process step s for
vintage v,

EINTER,,._s = Intercept at process step s for fuel f for vintage v, and

CSCCURv.f., = Current energy savings at process step s for fuel f for
vintage v.

The UEC for middle vintage is computed in the following equation as the ratio of the cumulative unit

energy consumption to cumulative production for new vintage, i.e., it is simply the weighted average

UEC.

SUMPINT/,, (103)
ENPINT_a/. s = CUMPROD,=w.s
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where:

ENPINT_j.s = Unit energy consumption of fuel f at process step s for
mid vintage,

SUMPINTI. s = Cumulative unit energy consumption of fuel f at process
step s, and

CUMPROD,_.s = Cumulative production at process step s for new vintage.

As noted on page 121, the cumulative variables are calculated in RDBIN.

Subroutine CALCSC3

CALCSC3 computes UECs according to an approach suggested by Arthur D. Little (ADL). The energy

savings for old and new vintage is calculated below as the exponential of the TPC coefficient multiplied

by a yearly index.

C$CCURv/,_ = eBCSC,l.,x (cvmYR - l) (104)

where:

CSCCUR,j., = Current energy savings (0 < fraction < 1) at process step
s for fuel f for vintage v,

BCSC,<., = Energy savings coefficient at process step s for fuelf and
vintage v, and

CURITR = Current year index.

The unit energy consumption for old and new vintage is computed as in CALCSC2 by multiplying the

current energy savings by the intercept. Iv. a few process steps, fuel shares are expected to change over

time due to technology changes. These process steps are cold rolling, blast furnaces, and electric arc

furnaces in the blast furnace and basic steel products industry and dry process clinker in the hydraulic
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cement industry. The following equation calculates the unit energy consumption of electricity in the cold

rolling l_rocess step. Similar equations exist for other fuels used in cold rolling and for the blast

furnace/basic oxygen furnace process step (see Table E-8, Appendix E).

i

ENPINT,,,.,,,.a,¢.= EINTER,_.,t,c,, x C$CCUR,,,.,,,.,_c..,X o__[0.20 + (0.21-O'20)x(CURIYR-1)I10b')25

where:

ENP/NT,_.a,c.s = Unit energy consumption of electricity at process step s
for new vintage,

EINTER,_.,_c.s = Intercept at process step s for electricity for new vintage,

CSCCUR,,_,.,t,c.s = Current energy savings at process step s for electricity
and new vintage, and

CUR/YR = Current year index.

The UECs for middle vintage are calculated as in CALCSC2 and shown below, by the ratio of cumulative

UEC to cumulative production for all process steps and industries, i.e., the weighted average UEC.

SUMPINTf,_

ENPINT"aa¢'_ = CUMPROD,_, (106)

where:

ENPINT,,_. s = Unit energy consumption of fuel f at process step s for
middle vintage,

SUMPINTf., = Ctnnulative unit energy consumption of fuel f at process
step s, and

CUMPROD,_., = Cumulative production at process step s for new vintage.
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Subroutine CALPRC

CALPRC is called to update unit energy consumption based on price parameters. CALPRC calls one

of the three subroutines CALPRC1, CALPRC2, or CALPRC3, depending on the approach to be taken.

CALPRC1 assumes unit energy consumption is constant. CALPRC2 uses an econometric equation to

update UECs. CALPRC3 is currently not implemented.

Subroutine CALPRC1

The unit energy consumption is unaltered by CALPRC1.

Subroutine CALPRC2

CALPRC2 calculates unit energy consumption based on price related conservation using an econometric

equation. Average prices for each fuel are calculated to accommodate the equation. Price based energy

savings is calculated below as the product of the average price of a particular fuel raised to each cross

price elasticity for both old and new vintage.

11

= (loPRCCURv/,s
t=l

where:

PRCCUR_._, = Current energy savings based on price for fuel f at
process step s for vintage v,

W'PRC, = Price for fuel t in 1987 dollars, and

BELA&j:.,., = Own price elasticity at process step s for fuel f for old
vintage and cross price elasticity at process step s for
fuel f and fuel t for old vintage.
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Unit energy comumption is then computed by multiplying the unit energy consumption by the price based

energy savings.

ENPINTv# = ENPINT,# x PRCCUR_,[,., (108)

where:

ENPINT, j.s = Unit energy consumption of fuel f at process step s for
vintage v, and

PRCCUR_d,s = Current energy savings based on price for fuel f at
process step s for vintage v.

Subroutine CALBSC

CALBSC calculates boiler fuel shares for the current year. Boiler fuel shares are based on the previous

year's boiler fuel share, the ratio of the current year's price to the previous year's price, and cross price

elasticities as shown in the following two equations.

[ PRCXf.r rssU_fx [ PRCX"8,r rSSH_VG_'

BSSI'IRLAGf x tP_GfJ [P .sJ (109)

BSSHRf= PRCXou,r ]asstmon.r PRCXc_ " _SHRC,!

where:

BSSHRf = Share of total fuel consumption in the BSC component
for fuel f,

BSSHRLAG! = Lagged boiler share for fuel f,

PRC_,,. = Price for fuel f in Census region r,
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PRCXLAG/ = Lagged price for fuel f,

BSSHRE¢ = Own price elasticity for fuel f,

BSSHRNG: = Cross price elasticity of natural gas with fuel f,

BSSHROILy = Cross price elasticity of oil with fuel f, and

BSSHRCL I = Cross price elasticity of steam coal with fuel f.

The boiler shares are normalized to make sure that when less of a particular fuel is consumed in the

boiler, that the same amount is picked up by some other fuel.

BSSHe- Bssnet_u_tx (110)
E
/,,l

where:

BSSHR/ = Share of total fuel consumption in the BSC component
for fuel f, and

IFSMAX = Number of fuels consumed in the BSC component.
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Appendix A. Data Sources, Input Parameters, Model Variables

Introduction

This appendix describes the module inputs, module parameters, and output variables for the

Industrial model. A list of the subscripts used in variable def'mitions and equations is provided

in Table A-1. The variable list in Table A-2 references the module inputs, module parameters,

and module outputs. Each item is accompanied by its definition as well as its dimensions.

Table A-3 categorizes each item listed in Table A-2 as "Module Inputs", "Module Parameters",

"Calculated Variable", or "Module Outputs". This table also lists the equation reference to link

variables in Table A-2 to the equations represented in Appendix B. Table A-3 provides the units

of measurement where applicable for each variable.

The remainder of this appendix contains supporting discussion on the input data, including the

sources of the data and any transformations occurring offline.
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Table A-1. Subscript Def'mitions

:SUbScript" :: : ::(ii :::!::!i:: i/:I

d Census division d = 1..... 9

e Building end use e = 1 lighting
2 HVAC

f Fuel Main fuels
f = 1 electricity

2 cogenerated electricity
3 core natural gas
4 non-core natural gas
5 feedstock natural gas
6 lease and plant natural gas
7 steam coal
8 coking coal
9 net coke imports
10 residualoil
11 distiUateoil
12 liquidpetroleum gas for heat and power
13 liquid petroleum gas for feedstocks
14 motor gasoline
15 still gas
16 petroleum coke
17 asphalt and road oil
18 lubes and waxes
19 petrochemicalfeedstocks
20 kerosene
21 other petroleum feedstocks
22 other petroleum

Intermediate fuels
f = I steam

2 coke oven gas
3 blast furnacegas
4 other byproduct gas
5 waste heat
6 coke

Renewable fuels
f = 1 hydropower

2 biomass-wood
3 biomass-pulping liquor
4 geothermal
5 solar
6 photovoltaic
7 wind
8 municipal solid waste
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_ _p_ _ _ _ _0 _ _ j_j r _ _ s _ _ _ _ __ _Iu_ d _ s_ s _4_[[ _ _ _

i Industry i= I agriculture-crops
2 agricultureother
3 coalmining
4 oilandgasmining
5 metalandothernon-metallicmining
6 construction
7 foodandkindredproducts
8 tobaccoproducts
9 textilemillproducts
I0 apparelandothertextileproducts
II lumberandwoodproducts
12 furniture and fixtures
13 paperand allied products
14 prmting and publishing
15 bulk chemicals
19 other chemicals and allied products
20 petroleumrefining
21 asphalt and miscellaneous coal

roducts
2 rubberand miscellaneous plastics products

23 leatherand leather products
24 glass and glass products
25 cement, hydraulic
26 other stone, clay, and glass products
27 blast furnace and basic steel products
28 primaryaluminum
29 other primarymetals
30 fabricatedmetals
31 industrialmachinery
32 electronic and other electric equipment
33 transportationequipment
34 instrumentsand related products
35 miscellaneousmanufacturingindustries

l Link 1 = 1..... NTMAX,

m Prime mover m = 1 internal combustion engine
2 combustion turbine
3 steam turbine
4 renewables

p Pollutant p = 1 carbon
2 carbon monoxide
3 carbon dioxide
4 methane
5 sulfurdioxide
6 nitrogenoxide
7 volatile organic compounds
8 particulates

r Census region r = 1..... 4

s Process step s = I ..... MPASTP

t Fuel type for cross price elasticities t --- 1 own price
2 electiieity
3 natural gas
4' steam coal
5 petroleumoil
6 motor gasoline
7 asphalt
8 other petroleum
9 liquid petroleum gas
10 distillate oil
11 residualoil

i,,
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u Use of cogeneratedelectricity u ffi 1 sales to the grid
2 own use

v Vintage v = I old
2 middle
3 new

), Year y = 1990.....2010j ,,, 'i , '"' , ' "' i , " ' "'" ' ,,,, ' i ,,,, ,
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Table A-2. NEMS Industrial Sector Model Variables

Model:Variable Definition andDimensions ...................... _ge_Rerereu¢e ....,

ALUMCON Consumption of fuelf fromthe primary A-22, 8-95
aluminum industry in yeary

AVGINT Average intensity 92, 94, A-19, B-42, B-44

BCSC Energy savingscoefficient at process step s 84, 130, 131, A-19, A-25, A-42, B-18,
for fuelfund vintage v B-19, B-31

BELAS Own price elasticityat process step s for fuel 84, 134, A-19, A-27, B-30, B-31
f for vintage v and cross price elasticity at
process step s for fuelf and fuel t for
vintage v

BENCHFAC Benchmarkfactor for fuelfin Census 110, 116, 117, 121, A-19, B-87, B-96,
division d B-97, B-100, B-IO1

BIOFUELS Consumptionof biofuels in Census division 121, A-19, B-101
d

BMA/N Consumption of main fuel fin Census 108 to Ill, 116, 117, 120, 121, A-19,
division d B-82 to B-88, B-95 to B-97, B-100,

B-101

BOIl,STEAM Steam generated from boilers 90, A-19, B-39

BSSHR Share of total fuel consumptionin the BSC 92, 94, 134, A-16, A-28, B-43, B-44,
component for fuel f B-47, B-48

BSSHRCL Cross price elasticity for steam coal with 135, A-19, A-29, B-47
fuelf

BSSHRE Own priceelasticityforfuelf 135,A-19,A-31,B-47

BSSHRLAG Laggedboilershareforfuelf 135,A-19,B--47

BSSHRNG Crosspriceelasticityfornaturalgaswith 135,A-19,A-33,B-.47
fuelf

BSSHROIL Crosspriceelasticityforoilwithfuelf 135,A-19,A-35,B-47

BYPBSCI Byproductconsumptionof intermediatefuel f 93, A-19, B-43
in the BSC component

BFPBSCM Byproduct consumptionof main fuel f in the 93, 96, A-19, B-43, B-67
BSC component

BYPBSCR Byproduct consumptionof renewable fuel f 93, A-19, B-43, B-67
in the BSC component

BYPCSC Byproducttechnology possibility curve 76, A-19, A-37, B-61
coefficient for byproductfuelf at process
step s for vintage v

BYPCSCCUR Currentenergy savings for byproductfuelf 76 to 78, A-19, B-61, B-62
at process step s for vintage v

BFPCSCIMG Lagged energy savings for byproductfuelf 77, A-19, B-62
at process step s for vintage v
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Model Variable , De,,finitionand Dimensions _ _PageReference__• , ....

BYPINT Rate of byproductenergy productionfor 77, 78, A-16, A-38, B.-62, B-63
byproductfuel f at process step s for vintage
F

BYPINTLAG Lagged rate of byproduct energyproduction 78, A-19, B-62
for byproduct fuel f at process step s for
vintage v

BYPQTY Byproduct energy production for byproduct 78, 79, A-19, B-63 to B-65
fuel f at process step s for vintage v

BYPSTM Amount of steam generated from all 92, 93, A-19, B-43, B-44
byproduct fuels

BYSINT Intensity for byproduct fuel f consumed in 93, A-16, A-39, B-43
the BSC component

BYSQ1T Consumption of byproduct fuel fro the BSC 95, A-19, B-45, B-46
component

CAPD Existing or planned capacity for eogeneration 101,102, 105, 106, A-19, B-50, B-51,
of electricity for use u in Census division d B-53, B-56, B-57
USing fuelf in year y

CAPDIV Planned capacity for electricity generation 102, A-20, B-51
for use u in Census division d using fuel f in
year y

CAPGW Planned or unplanned capacity for 103, 105, 106, 113, A-20, B-54 to B-57,
cogeneration of electricity for use u using B-90
fuelf in Census division d

CAPGWl_G Lagged planned or unplannedcapacity for 105, A-20, B-56
cogeneration of electricity for use u using
fuel f in Census division d

CAPREG Existing or planned capacity for cogeneration 102, A-16, A-40, B-49, B-50
of electricity for use u m Census region r
using fuel f in year y

CEMENTCON Consumption of fuel f by the hydraulic A-22, B-94
cement industry in year y

CGFUEL Consumption of fuelffor cogeneration of 91, A-20, B-39 to B-42
electricity for use u in Census region r

CGINDCAP Industrial capacity for eogeneration for use u 113, A-22, B-90
using fuel f in Census division d in year y

CGINDGEN Industrial cogeneration of electricity for use A-22, B-91
u using fuel f in Census division d in year y

CGINDQ Industrial consumption of fuelf for 114, A-22, B-91
cogeneration of electricity for use u in
Census division d in year y

CGOGCAP Oil and gas capacity for cogeneration for use 113, A-16, B-90
u using fuelf in Census division d in year y

CGOGGEN Oil and gas eogeneration of electricity for A-16, B-91
use u using fuel f in Census division d in
year y

CGOGQ Consumption of fuel f from cogenerationof 108, 109, 112, 114, 115, A-16, B-83,
electricity for use u in enhanced oil recovery B-84, B-89, B-91, B-92
in Census division d in year y
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Model Variable Definition and Dimensious: , ..... "r r. _ •: .... '_,PageReference:

CGRECAP Refinerycapacityforcogenerationforuseu 113,A-16,B-90
using fuelf in Censusdivision d in the year
Y

CGREGEN Refinery cogenerationof electricity for use u A-16, B-91
using fuelf in Census divisiond in year y

CGREQ Consumptionof fuelf from cogenerationof 114, A-If, B-91
electricity for use u in refineries in Census
division d in year y

CHEMCON Consumptionof fuel f by the chemical A-23, B-93
industry in year y

COPRCLG Supply of coal gases in Census division d in 109, A-16, B-83
year y

COPRCLQ .Supply of coal liquids in Census division d 109, A-16, B-83
m year y

CSCCUR Currentenergy savings at process step s for 129 to 132, A-20, A-48, B-17 to B-29
fuel f for vintage v

CUMOUT Cumulativeoutput, from 1958 throughthe 130, A-20, B-17
lag of the currentyear, at process step s for
all vintages

CUMOUT88 Cumulativeoutputthrough the year 1988 84, A-16, A-41, B-31

CUMPROD Cumulativeproductionat process step s for 131,132, A-20, B-18, B-29
vintage v

DEMIMAIN Emissions of pollutantp from main fuelf in 115 to 119, A-20, B-95 to B-98
Census division d

DEMIRENW Emissions of pollutantp from renewablefuel 118, A-20, B-98, B-99
f in Census divisiond

DIVFUEL Consumptionof fuelf for cogenerationof 103, 104, 114, A-20, B-52 to B-55,
electricity for use u in Census divisiond B-91

DIVSHARE Electricity share for Census division d 102 to 104, A-16, B-50, B-52 to B-55

DQMAIN Consumptionof main fuelfin Census 107 to 111, 116, 117, A-20, B-81 to
division d B-86, B-88, B-96, B-97

DQRENW Consumptionof renewablefuel fin Census 112, 121, A-20, B-82, B-89, B-101
division d

DSRENW Share of outputfor renewablefuel f in 107, 118, A-20, A-42, B-81, B-82, B-98
Census division d

EINTER Interceptat process step s for fuelffor 84, 130, 132, A-16, A-42, A-48, B-18
vintage v to B-30

ELCAP Capacity for electricity generation 87, A-20, B-34, ]]-37

ELCTOT Capacity for industrialelectricity generation 103, A-20, B-37, B-48, B-54, B-55
in Census region r

ELDEM Total electricitydemand from 85, A-20, B-32
process/assemblyand buildings

ELGEN Electricitygenerationfrom primemover m 86 to 91, 95, A-20, B-33 to B-35, B-37,
B-38, B-41, B-45

ELOTOT Total industrialelectricity generationfor 102 to 104, A-20, B-36, B-48, B-50,
own use in Census region r B-51, B-53 to B°55
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Model Variable Definition and Dtmeusions_ _ Page Ret'eren_i : • _

ELOWN Electricitygenerationfor own use 88, 91, 96, A-20, B-35, 8-36, B-40,
8-65

ELSALE Electricitygenerationforsalestothegrid A-20,B-35,8-36

ELSTOT Totalindustrialelectricitygenerationfor 102,I04,A-20,B-36,B-49to8-51,
salestothegridinCensusregion• B-54,B-55

EMINC Industrialemissionsofpollutantp fromfuel 119,A-23,8-99
f in yeary

EMINCC Industrialemissions of pollutantp in Census A-20, B-100
divisiond in year y

EMINCX Emissions of pollutantp from fuelfin 119, A-20, 8-98 to B-100
Census divisiond in year y

EM1RENW Emissions of p?llutantp from renewable fuel 97 to 99, A-20, B-71 to B-73
f in Census regzonr

EMIS$CONTROLFAC Emission controlfactorfor pollutantp using 98, 116 to 118, A-16, A-44, B-71, B-95
fuel f to 8-97

EMPIND Employment for industryi in Census A-16, B-60
division d

EMPLX Employmentfor industryi in Census region 84, A-20: B-4, B-60, B-61
r

ENB/NT Unit energy consumptionof fuelf for 85, A-16, A-45, B-4
buildingenduse •

ENBQTY Consumptionof fuelf for buildingend use e 84, 85, 96, A-20, B-4, B-32, B-65 to
8-67

ENBYPI Byproductenergy productionfor A-20, 8-64
intermediatebyproductfuel f for vintage v

ENBYPM Byproduct energyproductionfor main fuel f 79, A-20, 8-64
for vintage v

ENBYPR Byproductenergyproductionfor renewable A-20, B-65
byproduct fuelf for vintage v

ENP1NT Unit energy consumptionof fuel f at process 79, 80, 84, 129 to 134, A-16, A-47,
step s for vintage v B-5, B-6, B-17 to 8-31

ENPINTLA G Lagged unit energy consumptionof fuelf at 129, A-20, A-47, B-17
process step s for vintage v

ENPIQTY Consumptionof intermediatefuel f in the PA 83, 85, A-20, 8-9, 8-32, 8-67
component

ENPMQTY Consumptionof main fuel f in the PA 82, 83, 85, 95, 96, A-21, B-8, 8-9,
component B-32, 8-66

ENPQTY Consumptionof fuel fat process step s for 79, 80, 82, A-21, B-5 to 8-9
vintage v

ENPRQTY Consumptionof renewablefuelf in the PA A-21, B-9, 8-67
component

ENSINT Intensity of fuelf in the BSC component 92, A-16, A-49, 8-43

ENSQTY Consumptionof fuel f to generatesteam 94 to 96, A-21, 8-44 to 8-46, 8-66,
B-67

FOODCON Consumptionoffuelfbythefoodand A-23,B-93
kindredproductsindustryin year y
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FUELSHARE Shareof consumptionfor fuelf in Census 106, 108, A-21, B-82
divisiond

CrCTTUEL Fuel consumptionfor electricitygeneration A-21, B-37, B-38, B-40, B-45, B-46
fromcombustionturbines

GCTSTT.AM Cogenerationof steamfrom combustion 90, A-21, B-38, B-39
turbines

GENgO I990 generationof electricity 86, A-16, A-S0, B-33

GENEQPHTRT Heat rate for primemover m 89, 95, A-16, A-5 l, B-37, B-45

OENEQPSHR Share of generationfor primemoverm 88, A-16, A-52, B-36

GENEQPSTEFF Efficiency for primemover m 90, A-16, A-53, B-38

GENGWH Cogenerationof electricity for use u using 104, A-21, B-53, B-54, B-57, B-91
fuel f in Censusdivisiond

GENTOT Total consumptionof fuel f for cogeneration 103, A-21, B-42, B-49, B-52
of electricity for use u in Census region r

GENUTIL Capacityutilizationfor cogeneration 87, A-16, A-54, B-34

G/NTER Interceptfor electricity generation 86, A-21, B-33

C_..ASSCON Consumptionof fuel f by the glass and glass A-23, B-94
productsindustryin year y

GMT.AM Steamdemandcoefficient 86, A-19, A-55, B-33

ICEFUEL Fuel consumptionfor electricity generation 89 to 91, 94, A-21, B-37 to B-39, B-45,
from internalcombustionengines B-46

ICE57T.AM Cogenerationof steam from internal 89, 90, A-21, B-38, B-39
combustionengines

IDLCAP Idle productionfor process step s for vintage 122, 123, 125, 126, A-21, B-10, B-11,
v B-13

/DVAL Units of value of production A-16, A-56

IFBYP Numberof byproductsconsumedat process A-17, B-64
step s

IFMAX Number of fuels consumed at process step s A-17, B-8

IFSBYP Number of byproductsconsumed in the BSC 95, A-17, B-45, B-46
component

IFSBYPI Number of byproduct intermediatefuels 93, A-21, B-43

IFSBYPM Number of byproductmain fuels 93, A-21, B-43

IFSBYPR Numberof byproductrenewablefuels 93, A-21, B-43

IFSMAX Number of fuels consumed in the BSC 92, 95, 135, A-17, B-42, B-45, B-46,
component B-48

/NDD/R Industrycode A-17, A-57

/NDMAX Numberof industries 97, 99, 100, A-17, B-36, B-37, B-42,
B-73 to B-75

INDNAME Industryname A-17

INDNUM Industry indexnumber A-17

INDREG Censusregion for the industry A-17
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INDSTEPNAME Stepname for process step s A-17, A-59

IPASTP Process step linked to process step s by link A-17
l

ISTP Process step number A-17

/TYPE Equationtype for fuelf at process step s A-17, A-62

MANHP Consumptionof fuel f for manufacturingheat 114, A-23, B-92
and power in year y

MC MFGO Gross value of outputfor manufacturing A-17, B-58
- industryi in Census division d in year y

MC NMFGO Gross value of output for non-manufacturing A-17, B-58
- industry/ in Census division d in year y

MISCFD Consumptionof miscellaneousfuels and A-23, B-92
feedstocksf in year y

MPASTP Number of process steps 79, 82, A-3, A-17, B-8, B-9, B-64,
B-65

MSEDYR Indexof SEDS years 109, A-17, B-86

NONHP Consumption of fuelf for non-manufacturing 115, A-23, B-92
heat and power in year y

NSTEP Process step number A-17

NTMAX Numberof links for process step s 75, A-3, A-17, B-104

OGEN Own use generation coefficient 88, A-19, A-63, B-34, B-35

O/N'/_ Interceptfor own use generation 88, A-21, B-34, B-35

OTH/ND Consumptionof fuelffor "otherindustry" in 109 to 111,116, 117, 121, A-21, B-86,
Census division d B-87, B-88, B-95 to B-97, B-101, B-102

OUT/ND Gross value of output for industry i in 107, A-21, B-58, B-60, B-80
Census division d

OWN90 1990 electricity generationfor own use 88, A-17, A-64, B-34

PAPERCON Consumption for fuel f by the paper and A-23, B-93
allied products industryin year y

PCL/N Industrial price of steam coal for Census A-17
divisiond in year y

PD$1N Industrialprice of distillate for Census A-17
division d in year y

PEL/N Industrialprice of electricity for Census A-17
division d in yeary

PGFIN Industrialprice of core natural gas in Census A-17
division d in year y

PGIIN Industrialprice of non-core natural gas in A-17
Census division d in year y

PHDRAT Ratioof physical units to value of output 73, 124, A-17, A-65, B-11, B-102

PKSIN Industrialprice of kerosene in Census A-17
division d in year y
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Model Variable • _i__!i!_on _dD_e_o_' "i

PLGIN Industrial price of liquid petroleum gas in A-17
Census division d in year y

PLPIN Industrial price of lease and plant fuel in A-17
Census division d in year y

PMCIN Industrial price of metallurgical coal in A-17
Census division d in year y

PMGIN Industrial price of motor gasoline in Census A-17
division d in year y

PNGIN Industrial price of natural gas in Census A-17
division d in year y

POTIN Industrial price of other petroleum in Census A-17
division d in year y

PRCCUR Current energy savings based on price for 133, 134, A-21, B-30
fuel f at process step s for vintage v

PRCX Price for fuel fin Census region r 69, 135, A-21, B-47, B-59

PRC"XLAG Lagged price of fuelf 135, A-21, B-47

PRL/N Industrial price of low sulfur residual fuel in A-18
Census division d in year y

PRODCUR Production at process step s for vintage v 74 to 80, 83, 122 to 128, A-21, B-5,
B-6, B-9 to B-16, B-61 to B-63, B-103,

B-104

PRODFLOW Down-step throughput to process step s 74, 124, 126, 128, A-18, A-66, B-12,
linked by link l for vintage v B-I4, B-16, B-103, B-104

PRODLAG Lagged production at process step s and 76, A-21, B-61
vintage v

PRODRETR Retirement rate at process step s 122, 123, A-18, A-67, B-10

PRODSUM Amount of throughput used at process step s 74, 75, 126 to 128, A-21, B-14, B-16,
through link l for vintage v B-I03, B-I04

PRODVX Value of output for industry i in Census 73, 124, A-18, B-11, B-12, B-60,
region r B-102, B-!03

PRODX Output in either physical units or dollar units 73, 74, 124, A-21, B-11, B-12, B-102,
for industry i in Census region r B-103

PRODZERO 1990 production at process step s for vintage A-21, B-5, B-6
v

PRSIN Industrial price of residual fuel in Census A-18
division d in year y

PTP/N Industrial price of all petroleum in Census A-18
division d in year y

QAS/N Industrial consumption of asphalt and road A-23
oil for Census division d in year y

QBMIN Indus_al consumption of biomass for 112, A-23, B-89, B-90
Census division d in year y

QBMRF Biomass consumed by the petroleum refining 112, A-18, B-89
industry in Census division d in year y

QCIIN Industrial net coke imports for Census A-23
division d in year y
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QCLIN Industrial consumptionof steam coal for A-23
Census division d in year y

QCLRF Coal consumed by the petroleum refining 109, A-18, B-83
industryin Census division d in year y

QDSIN Industrial consumptionof distillatefor A-23
Census division d in year y

QDSRF Distillate consumed by the petroleum A-18, B-84
ref'mingindustryin Census division d in year
Y

QEL/N Industrial consumption of electricity in 110, A-23, B-60, B-87
Census division d in year y

QELRF Electricityconsumedbythepetroleum 114,A-18,B-74,B-82,B-92
refiningindustryinCensusdivisiond inyear
Y

QGEIN Industrialconsumptionofgeothermalfor 112,A-23,B-90
Censusdivisiond inyeary

QGFIN Industrialconsumptionofcorenaturalgasin 110,III,A-23,B-87,B-88
Censusdivisiond inyeary

QGFRF Refineryconsumptionofcorenaturalgasfor A-18
Censusdivisiond inyeary

QGIIN Industrialconsumptionofnon-corenatural III,A-23,B-88
gasforCensusdivisiond inyeary

QGIRF Refineryconsumptionofnon-corenatural A-18
gasforCensusdivisiond inyeary

QHOIN Industrialconsumptionofhydropowerfor 112,A-23,B-89
Censusdivisiond inyeary

QKS/N Industrialconsumptionofkerosenefor A-23
Censusdivisiond inyeary

QLGIN Industrialconsumptionofliquidpetroleum A-23
gasforCensusdivisiond inyeary

QLGRF Liquidpetroleumgasconsumedbythe A-I8,B-85
petroleumrefiningindustryforCensus
divisiond inyeary

Q].,P/NIndustrialconsumptionofleaseandplant I16,A-23,B-96
fuelforCensusdivisiond inyeary

QMCIN Industrialconsumptionofmetallurgicalcoal A-23
forCensusdivisiond inyeary

QMGIN Industrialconsumptionofmotorgasolinefor A-23
Censusdivisiond inyeary

QM$1N Industrialconsumptionofmunicipalsolid 113,A-23,B-90
wasteforCensusdivisiond inyeary

QNGIN Industrialconsumptionofnaturalgasfor A-23
Censusdivisiond inyeary

QNGRF Naturalgasconsumedbythepetroleum 108,A-18,B-83
ref'mingindustryforCensusdivisiond in
yeary
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QOTIN Industrial consumption of other petroleum A-23
for Census division d in year y

QOTRF Other petroleum consumed by the petroleum A-18, B-86
refining industry for Census division d in
year y

QPCIN Industrial consumption of petroleum coke for A-23
Census division d in year y

QPCRF Petroleum coke consumedby the petroleum A-18, B-85 I
refining industry for Census division d in
year y

QPFIN Industrial consumption of petrochemical A-23
feedstocks for Census division d in year y

QPVIN Industrial consumption of photovoltaic for 113, A-23, B-90
Census division d in year y

QRL/N Industrial consumption of low sulfur residual A-23
fuel for Census division d in year y

QRLRF Residual fuel consumed by the petroleum A-18, B-84
refining industry in Census division d in year
Y

QRS/N Industrial consumption of residual fuel for A-23
Census division d in year y

QSASIN SEDS consumption of asphalt and road oil in A-18
Census division d in SEDS year y

QSCIIN SEDS net coke imports in Census division d A-18
in SEDS year y

QSCLIN SEDS consumption of steam coal in Census A-18
division d in SEDS year y

QSDSIN SEDS consumption of distillate in Census A-18
division d in SEDS year y

QSELIN SEDS consumption of electricity in Census 70, 106, A-18, B-59, B-81
division d in year y

QSGIN Industrial consumptionof still gas for Census A-23
division d in year y

QSGRF Still gas consumed by the petroleum refining A-18, B-85
industry for Census division d in year y

QSKSIN SEDS consumption of kerosene in Census A-18
division d in year y

QSLGIN SEDS consumption of liquid petroleum gas A-18
in Census division d in year y

QSLPIN SEDS consumption of lease and plant fuel in A-18
Census division d in year y

QSMCIN SEDS consumption of metallurgical coal in A-18
Census division d in year y

QSMGIN SEDS consumption of motor gasoline in A-18
Census division d in year y

QSNGIN SEDS consumption of natural gas in Census A-18
division d in year y
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QSOTIN SEDS consumption of other petroleum in A-18
Census divisiond in year y

QSPCIN SEDS consumptionof petroleum coke in A-18
Census divisiond in year y

QSPFIN SEDS consumptionof petrochemical A-18
feedstocks in Census division d in yeary

QSRLIN SEDS consumptionof residual fuel in A-18
Census divtsiond in year y

QSSGIN SEDS consumptionof still gas in Census A-18
division d in year y

QSTIN Industrialconsumptionof solar thermal in 112, A-23, B-90
Census division d in year y

QTPIN Industrial consumptionof total petroleum in 111, A-23, B-88
Census division d in yeary

QTR/N Industrialconsumptionof total renewables in 112, A-24, B-89
Census division d in year y

QTSIN Total industrialenergy consumption in A-24
Census divisiond in year y

QTY/NTR Consumption of intermediate fuel f in Census A-21, B-67 to B-70
region r

QTYMAIN Consumption of main fuel f in Census region 95 to 97, 100, A-22, B-65 to B-70,
r B-73 to B-80

QTYRENW Consumption of renewable fuelf in Census 97, A-22, B-67 to B-71, B-74, B-76 to
region r B-80

QW//N Industrial consumption of wind in Census 113, A-24, B-90
division d in year y

REFCON Consumption of fuel f by the petroleum A-24, B-94
, refining industryin year y

SEDSIND SEDS consumption of fuel f in Census 120, A-22, B-100
division d

STBYP Consumption of byproduct fuel f in steam A-22, B-40, B-46
turbines

STEELCON Consumption of fuel f by the blast furnace A-24, B-95
and basic steel products industry in year y

STEMCURgo Total steam demand in 1990 86, A-19, A-68, B-32, B-33

STEMCUR Total steam demand 85, 86, 90, 93, A-22, B-37, B-39, B-44

STEMCURF Amount of steam to be generated from 93, 94, A-22, B-43, B-44
purchased fuels

S/FUEL Consumptionof fuel f in steam turbines 91, 95, A-22, B-39, B-40, B-45

SULFURCONT Sulfur content of fuel f 98, 118, A-19, A-69, B-71, B-98

SUMPINT Cumulative unit energy consumption of fuel 131, 132, A-22, B-18, B-29
f at process step s

TALUMCON Total consumption of fuel f from the primary A-22, B-80, B-95
aluminum industry
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' : :_MOdel'Variable_ • i : DefinitioniiandDimensions _i.... .

TCEMENTCON Total consumption of fuel f from the A-22, B-78, B-79, B-94
hydraulic cement industry

TCHEMCON Total consumption of fuel f from the bulk A-22, B-77, B-93
chemicals industry

TEMISM Total emissions of pollutant p from main A-22
fuel f in Census region r

TEMISR Total emissions of pollutant p for renewable 99, 118, A-22, B-73, B-98
fuel f in Census region r

TFOODCON Total consumption of fuel f from the food I00, A-22, B-75, B-76, B-93
and kindred products industry

TGLASSCON Total consumption of fuel f from the glass A-22, B-77, B-78, B-94
and glass products industry

TM.ANHP Total manufacturing consumption of fuel f 99, 114, A-22, B-73, B-74, B-92
for heat and power

TMISCb'D Total consumption of miscellaneous fuels A-22, B-75, B-92
and feedstocks fuel f I

TNONHP Total non-manufacturing consumption of fuel 115, A-22, B-74, B-92
f for heat and power

TO17ZMIS Total emissions of pollutant p from fuel f in 98, A-22, B-72
Census region r

TPAPERCON Total consumption of fuel f from the paper A-22, B-76, B-93
and allied products industry

TQINTR Total consumption of intermediate fuel f in A-22, B-70
Census region r

TQMAIN Total consumption of main fuel fin Census 97, 108, A-22, B-70, B-81
region r

TQRENW Total consumption of renewable fuel f in A-22, B-70, B-82
Census region r

TREFCON Total consumption of fuel f from the A-22, B-74, B-94
petroleum refining industry

TSTEELCON Total consumption of fuel f from the blast A-22, B-79, B-95
furnace and basic steel products industry

UNCONTEMISSFACT Uncontrolled emission factor for pollutant p 98, 116, 117, A-19, A-70, B-71, B-95
using fuel f to B-97

WPRC Price for fuel t in 1987 dollars 84, 133, A-22, B-30, B-31
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Table A-3. NEMS Industrial Module Inputs and Outputs

.... Model Variablel _i, _ _:i _ i_ :_tion

MODULE INPUTS (including inputs received from other NEMS
modules)

, ,7 --,'-' ,,' --

BSSHR B-88, B-91, B-98, B-99 NA

BYPINT B-131, B-132 IDVAL = 1: MMBtu/ton
except for elec. Kwh]ton;
IDVAL = 2: Trillion Btu/
Billion 1987 $

BYSINT B-89 NA

CAPREG B-104 to B-106 Megawatts

CGOGCAP B-201 Megawatts

CGOGGEN B-202 Gigawatt hours

CGOGQ B-184, B-185, B-187, B-199, B-203, B-205 Trillion Btu

CGRECAP B-201 Megawatts

CGREGEN B-202 Gigawatt hours

CGREQ B-203 T1_llion Btu

COPRCLG B-185 Trillion Btu

COPRCLQ B-185 Trillion Btu

CUMOUT88 B-61 IDVAL = 1: Tons;
IDVAL = 2: Billion 1987 $

DIVSHARE B-105, B-106, B-109, B-I13 to B-116 NA

EINTER B-35, B-38 to B-57, B-61 IDVAL = 1: MMBtu/ton
except for elec. Kwh/ton;
IDVAL = 2: Trillion Btu/
Billion 1987 $

EMISSCONTROLFAC B-154, B-215 to B-217 Metric tons/Trillion Btu

EMPIND B-127 Millions

ENBINT B-1 Trillion Btu/Thousand

ENPINT B-3 to B-6, B-33, B-35, B-36, B-38 to B-58, IDVAL = 1: MMBtu/ton
B-60, B-61 except for elec. Kwh/ton;

IDVAL = 2: Trillion Etu/
Billion 1987 $

ENSINT B-88 NA

GENgO B-64 Trillion Btu

GENEQPHYRT B-74, B-75, B-94, B-95 Trillion Btu/kWh

GENEQPSHR B-70 NA

GENEQPSTEFF B-76, B-77 NA

GENUTIL B-66 NA

IDVAL Used in If statements NA
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Model Variable uation _ _ Units

IFBYP B-135 NA

IFMAX B-IO NA

IFSBYP B-94,B-95 NA

IFSMAX B-88,B-94,B-95,B-99 NA

INDDIR Used in If statements NA

INDMAX B-71 to B-73, B-87, B-151 to B-153, B-159 to NA
B-161, B-164

INDNAME NA

INDNUM Used in If statements NA

INDREG Used in If statements NA

IND STEPNAME N A

IPASTP Used in If statements NA

ISTP Used in If statements NA

/TYPE Used in If statements NA

MC MFGO B-123 Millions

MC NMFGO B-122 Millions

MPASTP B-11 to B-13, B-136 to B-I38 NA

MSEDYR B- 193 NA

NSTEP Used in If statements NA

NTMAX B-234 NA

OWN90 B-67 Trillion Bm

PCLIN B-124, B-125 1987 S/Million Btu

PDSIN B-124, B-125 1987 S/Million Btu

PELIN B-124, B-125 1987 S/Million Btu

PGFIN B-124, B-125 1987 S/Million Btu

PGIIN B-124, B-125 1987 S/Million Btu

PHDRAT B-19, B-229, B-230 NA

PKSIN B-124, B-125 1987 S/Million Btu

PLGIN B-124, B-125 1987 S/Million Btu

PLPIN B-124, B-125 1987 S/Million Btu

PMCIN B-124, B-125 1987 S/Million Btu

PMGIN B-124, B-125 1987 S/Million Btu

PNGIN B-124, B-125 1987 S/Million Btu

POTIN B-124, B-125 1987 S/Million _o.:

PRLIN B-124, B-125 1987 S/Million Btu
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Mode, Variable I :: ::: ! :_ i .... : " "

PRODFLOW B-21, B-26, B-30, B-232, B-233 NA

PRODRETR B-15, B-16 NA

PRODVX B-19, B-20, B-126, B-229 to B-231 Billion 1987 $

PRSIN B-124, B-125 " 1987 S/Trillion Btu

PTPIN B-124, B-125 1987 S/Trillion Btu

QBMRF B-199 Trillion Btu

QCLRF B-185 Trillion Btu

QDSRF B-188 Trillion Btu

QELRF B-162, B-183, B-204 Trillion Btu

QGFRF B-162 Trillion Btu

QGIRF B-162 Trillion Btu

QLGRF B-189 Trillion Btu

QNGRF B-184 Trillion Btu

QOTRF B-192 Trillion Btu

QPCRF B-191 Trillion Btu

QRLRF B-187 Trillion Btu

QSASIN B-124 Trillion Btu

QSCIIN B-124 Trillion Btu

QSCLIN B-124 Trillion Btu

QSDSIN B-124 Trillion Btu

QSELIN B-I24, B-179 Trillion Btu

QSGRF B-162, B-190 Trillion Btu

QSKSIN B-124 Trillion Btu

QSLGIN B-124 Trillion Btu

QSLPIN B-124 Trillion Btu

QSMCIN B-124 Trillion Btu

QSMGIN B-124 Trillion Btu

QSNGIN B-124 Trillion Btu

QSOTIN B-124 Trillion Btu

QSPCIN B-124 Trillion Btu

QSPFIN B-124 Trillion Btu

QSRLIN B-124 Trillion Btu

QSSGIN B-124 Trillion Btu

STEMCURgo B-64 Trillion Btu
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SULFURCONT B-155, B-218 NA

UNCONTEMISSFACT B-154, B-215 to B-217 Metric tons/Trillion Btu
-- : , ,,, ,' ", , ''"' ,,_, , ,, ,,, ' .... _,,.d i,,',,' ,,I. "" ...'..... ' " ...'...'.":. '?',' ........... ,,, -

MODULE
PARAMETERS

, ,; '_,, ,i',_, , ,, ' ,, ',It,,,, ' ,-',',I ,, ,,_ r ,,,H' ' ,,L,,

BCSC B-34, B-37, B-61 NA

BELAS B-59, B-61 NA

BSSHRCL B-98 NA

BSSHRE B-98 NA

BSSHR_IG B-98 NA

B$SHROIL B-98 NA

BYPC$C B-129 NA

G_ B-64, B-65 NA

OGEN B-67,B-68 NA
.... ,, ,,,,,, ' 'I ' ,, ,-,,,,, _ ' ,- .......... _ -i ' ........ _,,';' ', , ,,.,_ •

CALCULATED
VARIABLES

,,,_ ," ', ,,, L ,, i, ,, ,, T,' '," , , "...... , ,, - i....

AVGINT B-88, B-91 NA

BENCHFAC B-193, B-216, B-217, B-225 to B-227 NA

BIOFUELS B-226 TrillionBtu

BMAIN B-183toB-197,B-215toB-217,B-225,B-227 TrillionBtu

BOILS_ B-78 Trillion Btu

BSSHRLAG B-98 NA

BYPBSCI B-89 Trillion Btu

BYPBSCM B-89, B-141 Trillion Btu

BYPBSCR B-89, B-144 Trillion Btu

BYPCSCCUR B-129 to B-131 NA

BYPCSCLAG B-130 NA

BYPINTLAG B-131 IDVAL = 1: MMBtu/ton
except for elec. kWh/ton;
IDVAL = 2: Trillion Btu/
Billion 1987 $

BYPQTY B-132 to B-138 Trillion Btu

BYPSTM B-89, B-90 Trillion Btu

BYSQTY B-94, B-95 Trillion Btu

CAPD B-105 to B-108, B-112, B-117 to B-119 Megawatts

CAPDIV B-107, B- 108 Megawatts

CAPGW B-115 to B-119, B-121, B-201 Megawatts
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: : : : : " " . : -

_ ,MOdel _Vartable _i_ i _,i_.L__ i,---......, ......................................;........ i,i i , i

CAPG'_7.AG B-118 Megawatts

CGFUEL B-79toB-87 TrillionBtu

CSCCUR B-34,B-35,B-37toB-57 NA

CUMOUT B-34 IDVAL = I:Tons;
IDVAL = 2: Billion1987$

CUMPROD B-36,B-58 IDVAL = l:Tons;
IDVAL = 2: Billion1987$

DEMIMAIN B-215toB-218,B-220 Metrictons

DEMIRENW B-219, B-221 Metric tons

DIVFUEL B-109 to B-111, B-113 to B-116, B-203 TrillionBtu

DQMAIN B-181, B-183 to B-192, B-195, B-216, B-217 Trillion Btu

DQRENW B-182, B-198, B-199, B-226 Trillion Btu

DSRENW B-180, B-182, B-219 Trillion Btu

ELCAP B-66, B-73 Megawatts

ELCTOT B-73, B-100, B-115, B-116 Megawatts

ELDEM B-62 Trillion Btu

ELGEN B-65toB-70,B-74toB-77,B-83,B-94,B-95 TrillionBtu

ELOTOT B-71,B-101,B-105,B-107,B-I13,B-115,B-If6 TriIIionBtu

ELOWN B-68,B-69,B-71,B-83,B-139 TrillionBtu

ELSALE B-69,B-72 TrillionBtu

EZ2TOT B-72,B-I02,B-I05,B-107,B-If4toB-If6 TrillionBtu

EMINCC B-224 Metrictons

EMINCX B-220toB-224 Millionmetrictons
i

EMIRENW B-154toB-159 Metrictons

EMPLX B-I,B-127,B-128 Thousands

ENBQTY B-I,B-2,B-62,B-63,B-139,B-140,B-142 TrillionBtu

ENBYPI B-137 TrillionBtu

ENBYPM B-136 TrillionBtu

ENBYPR B-138 TriUionBtu

ENPINTLAG B-33 IDVAL = I:MMBtu/ton
exceptforelec.kWh/ton
IDVAL = 2:TrillionBtu/
Billion1987$

ENPIQTY B-12,B-14,B-63,B-142,B-143 TrillionBtu

ENPMQTY B-II,B-14,B-62,B-139toB-141 TrillionBtu

ENPQTY B-3toB-13 TrillionBtu

EnergyInformationAdministration
NEMS IndustrialDemandModel DocumentationReport

A-20



-- rll I . i i , L I II II Ill, I III _ l II II'l . I I I I :"

ENPRQTY B- 13, B-144 Trillion Btu

ENSQTY B-91 to B-97, B-140 to B.144 Trillion Btu

FUELSHARE B-179, B-182 NA

GCFFUEL B-75, B-77, B-81, B-93, B-97 Trillion Btu

GL'73"TEAM B-77, B-78 Trillion Btu

GENGWH B-113, B-114, B-120, B-202 Gigawatthours

GENTOT B-87, B-103, B-109 Trillion Btu

GINTER B-64, B-65 NA

ICEFUEL B-74, B-76, B-80, B-92, B-96 Trillion Btu

ICE_ B-76, B-78 Trillion Bm

IDLCAP B-15, B-17, B-23, B-24 IDVAL = 1: MMBtu/ton
except for elec. kWh/ton
IDVAL = 2: Trillion Btu/
Billion 1987 $

IFSBYPI B-89 NA

IFSBYPM. B-89 NA

IFSBYPR B-89 NA

OINTER B-67, B-68 Trillion Btu

OTHIND B-193 to B-197, B-215 to B-217, B-227, B-228 Trillion Btu

OUT/ND B-122, B-123, B-126, B-180 Billion 1987 $

PRCCUR B-59, B-60 1987 S/Million Btu

PRCX B-98, B-124, B-125 1987 S/Million Btu

PRCXLAG B-98 1987 S/Million Btu

PRODCUR B-3 to B-6, B-14 to B-18, B-21 to B-32, B-129, IDVAL = 1: Tons
B-130, B-132, B-232 to B-234 IDVAL = 2: Billion 1987 $

PRODLAG B-129 IDVAL = 1: Tons
IDVAL --- 2: Billion 1987 $

PRODSUM B-26, B-27, B-30, B-31, B-233, B-234 IDVAL = 1: MMBtu/ton
except for elec. kWh/ton
IDVAL = 2: Trillion Btu/
Billion 1987 $

PRODX B-19 to B-21, B-230 to B-232 IDVAL - 1: Tons
IDVAL = 2: Billion 1987 $

PRODZERO B-3 to B-5 IDVAL - 1: Tons
IDVAL = 2: Billion 1987 $

QTY/N'/_ B-142, B-143, B-146, B-149, B-152 Trillion Btu

QTYMAIN B-139 to B-141, B-145, B-148, B-151, B-160, Trillion Btu
B-163 to B-165, B-167, B-169, B-171, B-173,
B-175, B-177
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QTYRENW B-144, B-147, B-150, B-153, B-154, B-161, Trillion Btu
B-166, B-168, B-170, B-172, B-174, B-176,
B-178

SEDSIND B-225 Trillion Btu

STBYP B.82, B-95 Trillion Btu

STEMCUR B-63, B-65, B-78, B-90 Trillion Btu

SI'EMCURF B-90, B-91 Trillion Btu

STFUEL B-79 to B-82, B-94 Trillion Btu

SUMPINT B-36, B-58 Trillion Btu/ton

TALUMCON B-177, B-178, B-214 Trillion Btu

TCEMENTCON B-173, B-174, B-211 Trillion Btu

TCHEMCON B-169, B-170, B-209 Trillion Btu

TEMISR B-159, B-219 Metric tons

TFOODCON B-165, B-166, B-207 Trillion Btu

TGL,_SCON B-171, B-172, B-210 Trillion Btu

TMANHP B-160, B-161, B-204 Trillion Btu

TMISCFD B-164, B-206 Trillion Btu

TNONHP B-163, B-205 Trillion Btu

TOTEMIS B-158 Metric tons

TPAPERCON B-167, B-168, B-208 Trillion Btu

TQ.INTR B-152 Trillion Btu

TQMAIN B-151, B-181 Trillion Btu

TQRENW B-153, B-182 Trillion Btu

TREFCON B-162, B-212 Trillion Btu

TSTEELCON B-175, B-176, B-213 Trillion Btu

WPRC B-59, B-61 1987 dollars
- iii I iiiiiiiii iiI illll iii ii III_ i

MODULE OUTPUTS

ALUMCON B-214 Trillion Btu

CEMENTCON B-211 Trillion Btu

CGINDCAP B-201 Megawatts

CGINDGEN B-202 Gigawatt hours

CGINDQ B-203 Trillion Btu

CHEMCON B-209 TrillionBtu

EMINC B-223 Metrictons

FOODCON B-207 TrillionBtu
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GLAS$CON B-210 Trillion Bm

MANHP B-204 Trillion Bm

MISCFD B-206 Trillion Bm

NONtlP B-205 Trillion Bm

PAPERCON B-208 Trillion Bm

QA$1N B-125, B-194 Trillion Bm

QBMIN B-199, B-200 Trillion Bm

QCIIN B-125, B-194 Trillion Bm

QCLIN B-125, B-194 Trillion Bm

_$IN B-125, B- 194 Trillion Bm

QE/2N B-125, B-194 Trillion Btu

QGEIN B-200 Trillion Bm

QGFIN B-195, B-196 Trillion Btu

QGIIN B-196 Trillion Bm

QHOIN B-198, B-200 Trillion Bm

QKSIN B-125, B-194 Trillion Bm

QLGIN B-125, B-194 Trillion Bm

QLPIN B-194, B-216 Trillion Btu

03VICIN B-125, B-194 Trillion Bm

QMGIN B-125, B-194 Trillion Btu

QMSIN B-200 Trillion Bm

QNGIN B-125, B-194 Trillion Bm

QOTIN B-125, B-194 Trillion Btu

QPCIN B-125, B-194 Trillion Bm

QPFIN B- 125, B-194 Trillion Bm

QPVIN B-200 Trillion Btu

QRLIN B-125, B-194 Trillion Btu

QRSIN B-125, B-194 Trillion Bm

QSGIN B-125, B-194 Trillion Btu

QSTIN B-200 Trillion Btu

QTPIN B-197 Trillion Btu

QTRIN B-200 Trillion Bm

QTSIN B-125 Trillion Btu

QWIIN B-200 Trillion Btu
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_ii_ii_i_il_!i__'_ii!i̧_!ii!!.....i_,i_,_ili_i_ii_ii_i'i_ii_:____i i_i̧̧ii_!_!_ii!_i__!iii_i_iii!i_i_!_ii_ii!!!ilii_!_i_i_ii__!_,__ii_!!i!i_._,_i:_
REFCON B-212 TrillionBtu

STEF_CON B-213 Trillion Btu
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MODEL INPUT: BCSC

MODEL COMPONENT: Process/Assembly

DEFINITION: Energy savings coefficient at process step s for fuel f and vintage

v

DISCUSSION:

The energy savings coefficients for the energy-intensive industries are assumed to be constant

over the four Census regions. The coefficients for the food and kindred products, paper and

allied products, glass and glass products, hydraulic cement, bulk chemicals, blast furnace and

basic steel products, and primary aluminum industries were obtained from Arthur D. Little.

These coefficients are determined through Relative Energy Intensity (RED for both old and new

plants. Relative Energy Intensity is defined as the ratio of energy use in a new or advanced

process compared to the 1988 old plant average energy use which has been normalized to one.

Regression analyses were performed to create a log-linear plot of REI versus time. The

following equation is estimated by ADL in natural logarithms.

ln(RE/) = 131n(O (A-l)

The intercept is assumed to be zero. The slope of the resulting linear plot of REI against time,

or the coefficient B, is the energy savings coefficient. There is a separate coefficient for each

process step, however the coefficients are the same for all fuels used at a particular process step.
_

The coefficients for the TPCs are listed in Table E-13, Appendix E.

For the non-energy-intensive and non-manufacturing industries, the coefficients are based on

regressions on NEA data and output from the 1990 Maeroeconomic model.
=
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SOURCES:

Decision Analysis Corporation and Arthur D. Little, "Industrial Model: Selected Process

Flows Revised Final Report," prepared for EIA under Contract No. DE-AC01-92EI21946,

Subtask 2B, Vienna, VA, April 26, 1993.

U. S. Department of Commerce, Office of Business Analysis, National Energy Accounts,

PB89-187918, February 1989.
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MODEL PARAMETER: BELAS

MODEL COMPONENT: Process/Assembly

DEFINITION: Own price elasticity at process step s for fuel f for old vintage and

the cross price elasticity at process step s for fuel f and fuel t for

old vintage

DISCUSSION:

The cross price elasticities for the energy intensive industries are zero for all process steps and

fuels. The cross price elasticities for the non-manufacturing and non-energy-intensive industries

were obtained through a series of regressions. The regressiom were based on data from NEA

and outputs from the 1990 Macroeconomic model. The resulting parameter estimates are the

cross price elasticities. The price elasticity for steam was obtained using the elasticity from the

fuel that had the largest boiler share in the BSC component by the four Census regions.

SOURCE:

U. S. Department of Commerce, Office of Business Analysis, National Energy Accounts,

PB89-187918, February 1989.
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MODEL INPUT: BSSHR

MODEL COMPONENT: Boiler/Steam/Cogeneration

DEFINITION: Share of total fuel consumption in the BSC component for fuel f

DISCUSSION:

The boiler shares for all industries are derived from the ADL Industrial Model Baseline

Database energy consumption. The quantity of each fuel consumed by industry and region in

the BSC component is divided by total energy consumption in the BSC component to determine

the boiler share of each fuel. There is no BSC component for the following industries: coal

mining, oil and gas mining, construction, glass and glass products, hydraulic cement, and

primary aluminum. Therefore, this variable does not exist for these industries.

SOURCES:

Decision Analysis Corporation of Virginia and Arthur D. Little, "Industrial Model:

Baseline Database Final Report," prepared for EIA under Contract No. DE-AC01-92EI21946,

Subtask 1, Vienna VA, January 15, 1993, Appendix G.

Energy Information Administration, Manufacturing Energy_ Consumption Survey:

Consumption of Energy.. !988, DOE/EIA-0512(88), May 1991.

Energy Information Administration
N-E_S Industrial Demand Model Documentation Report

A-28



MODEL INPUT: BSSHRCL

MODEL COMPONENT: Boiler/Steam/Cogeneration

DEFINITION: Cross price elasticity for steam coal with fuel f

DISCUSSION:

Price elasticities for boiler use were obtained from an article in Energy Economics by Considine.

The price elasticities were obtained from a linear logit form of a stationary fuel combustion

model. This model is given in the following equation.

e_
W i - ,, (A-2)

j=l

where:

n

f_ = rli + _,, tpulnej (A-a)
j--I

The price elasticities are found by differentiating the estimated linear logit model. Cross price

elasticities are given by the following equation.

" (A-4)
e,k=wj+ q,,k- ,wj q,:,

j=l

There is no BSC component in the coal mining, oil and gas mining, construction, glass and glass

products, hydraulic cement, and primary aluminum industries, therefore this variable does not

exist for those industries. In the industrial model, the cross elasticity of steam coal with natural

gas is assumed to be zero.

Energy Information Administration
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SOURCE:

Considine, Timothy J., "Separability, functional form and regulatory policy in models

of interfuel substitution," Energy Economics, April 1989, p. 82-94.
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MODEL INPUT: BSSHRE

MODEL COMPONENT: Boiler/Steam/Cogeneration

DEFINITION: Own price elasticity for fuel f

DISCUSSION:

Price elasticities for boiler use were obtained from an article in _Energ3/Economics by Considine.

The price elasticities were obtained from a linear logit form of a stationary fuel combustion

model. This model is given in the following equation.

eI,
W i - n (A-5)

j=l

where:

n

fi = rli + _ q)ijlnPy (A-6)
j=l

The price elasticities are found by differentiating the estimated linear logit model. Own price

elasticities are given by the following equation.

,' (A-7)
Eii - w i - 1 + _ii - E Wj q)ji

j=l

There is no BSC component in the coal mining, oil and gas mining, construction, glass and glass

products, hydraulic cement, and primary aluminum industries, therefore this variable does not

exist for those industries.
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SOURCE:

Considine, Timothy J., "Separability, functional form and regulatory policy in models

of interfuel substitution," Energy Economics, April 1989, p. 82-94.
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MODEL INPUT: BSSHRNG

MODEL COMPONENT: Boiler/Stearn/Cogeneration

DEFINITION: Cross price elasticity for natural gas with fuel f

DISCUSSION:

Price elasticities for boiler use were obtained from an article in Energy Economics by Considine.

The price elasticities were obtained from a linear logit form of a stationary fuel combustion

model. This model is given in the following equation.

e/,

w_- n (A-8)

j=l

where:

n

fi= rl,+ __,q_,:InPi (A-9)
j=l

The price elasticities are found by differentiating the estimated linear logit model. Cross price

elasticities are given by the following equation.

n (A-IO)
eik= Wj + (Pik- EWj(Pjk

j=l

There is no BSC component in the coal mining, oil and gas mining, construction, glass and glass

products, hydraulic cement, and primary aluminum industries, therefore this variable does not

exist for those industries. In the industrial model, the cross elasticity of natural gas with steam

coal is assumed to be zero.
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SOURCE:

Comidine, Timothy J., "Separability, functional form and regulatory policy in models

of interfuel substitution," Energy Economics, April 1989, p. 82-94.
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MODEL, INPUT: BSSHROIL

MOD,_L COMPONENT: Boiler/Steam/Cogeneration

DEFINITION: Price elasticity for oil crossed with fuel f

DISCUSSION:

Price elasticities for boiler use were obtained from an article in Energy Economics by Considine.

The price elasticities were obtained from a linear logit form of a stationary fuel combustion
f

model. This model is given in the following equation.

e/_
W i - n (A-11)

_[_e_
j-1

where:

n

fii = rl, + _ ¢pijlnPj (A-12)
jffi|

The price elasticities are found by differentiating the estimated linear logit model. Cross price

elasticities are given by the following equation.
b

J

n (A-13)
. i

j=l

There is no BSC component in the coal mining, oil and gas mining, construction, glass and glass

products, hydraulic cement, and primary aluminum industries, therefore this variable does not

exist for those industries.
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SOUR(_E;

Considinc,TimothyJ.,"Separability,functionalformand regulatorypolicyinmodels

ofintcrfuelsubstitution,"Ener_ E_ nomics,April1989,p.82-94.
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.MODEL INPUT: BYPCSC

MODELCOM1_NENT: Process/Assembly

DE--ION: Byproduct technology possibility curve (TPC) coefficient for

byproduct b at process step s and vintage v

DISCUSSION"

The byproduct TPC coefficients are zero for all byproducts currently considered. It only applies

to the paper and allied products industry.

SOURCE;

Decision Analysis Corporation and Arthur D. Little, "Industrial Model: Selected Process

Flows Revised Final Report," prepared for EIA under Contract No. DE-AC01-92EI21946,

Subtask 2B, Vienna, VA, April 26, 1993.
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MODEL !NP.UT: BYPINT

MODEL COMPONENT,; Process/Assembly

DEFINITION: Byproduct rate of production for byproduct b at process step s and

vintage v

DISCUSSION:

The rate of production for each byproduct is calculated similarly to the calculation of unit energy

consumption (UEC) for fuels used in the PA component. The total 1988 byproduct energy

consumed in the BSC component is determined from the ADL Industrial Model Baseline

Database. The total byproduct energy consumed is then divided by the 1988 value of output to

obtain the UEC or rate of production for byproducts. Byproduct production in the paper and

allied products industry includes pulping liquor produced in the kraft pulping process step and

wood from the wood prep process step. Estimates of these two byproducts are obtained from

1988 Manufacturing Energy Consumption Survey (MECS). The production obtained from

MECS is then divided by the total physical throughput to the particular process step to determine

the rate of production. The total byproduct production from blast furnaces and coke ovens must

be shared out to the two process steps based on the physical throughput obtained from ADL.

SOURCES:

Decision Analysis Corporation of Virginia and Arthur D. Little, "Industrial Model:

Baseline Database Final Report," prepared for EIA under Contract No. DE-AC01-92EI21946,

Subtask 1, Vienna VA, January 15, 1993.

Energy Information Administration, Manufacturing Energy Consumption Survey:

Consumption of Energy. 1988, DOE/EIA-0512(88), Washington, D.C., May 1991.

Decision Analysis Corporation and Arthur D. Little, "Industrial Model: Selected Process

Flows Revised Final Report," prepared for EIA under Contract No. DE-AC01-92EI21946,

Subtask 2B, Vienna, VA, April 26, 1993.
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MODEL INPIYr: BYSINT

MODEL COMPONENT: Boiler/Steam/Cogeneration

DEFINITION: Intensity for byproduct b consumed in the BSC component

DISCUSSION:

The intensity for byproducts consumed in the BSC component was obtained from the Department

of Energy.

SOURCE:

Department of Energy, "Industrial Energy Productivity Project - Final Report," Generic

Energy Services, DOE/CS/40151-1, Vol. 7 of 9, February 1983.
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MODEL INPUT: CAPREG

MODEL COMPONENT: Boiler/Steam/Cogeneration

DEFINITION: Existing or planned capacity for cogeneration for use u in Census

region r using fuel f in year y

DISCUSSION:

The existing or planned capacity for cogeneration was obtained from EIA-867 data.

SOURCE:

Energy Information Administration, EIA-867, Survey of Independent Power Producers

Database.
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MODEL INPUT: CUMOUT88

MODEL COMPONENT:

DEFINITION: Cumulative output through the year 1988

DISCUSSION:

Cumulative output was from NEA data (1958 - 1985) and output DRI (1986 - 1988).

SOURCES:

U. S. Department of Commerce, Office of Business Analysis, National Energy Accounts,

PB89-187918, February 1989.

DRI, Inc., Data Series I/O-US/0293/Series.
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MODEL INPUT: EINTER

MODEL COMPONENT: Process/Assembly

DEFINITION: Intercept at process step s for fuel f and vintage v

DISCUSSION:

Initial estimates of the intercept term are calculated based on initial UEC estimates and TPC

coefficients. A series of regressions run by ADL determined the TPC coefficients (see the

discussion of the variable BCSC). The resulting line of Relative Energy Intensity (REI) versus

time has the TPC coefficient as the slope. The intercept of the regression line is used to

calculate the variabk EINT_R. The regression equation solved by ADL is the following.

RE/ = a + 13t (A-14)

Since the REI is defined as the ratio of the current year's UEC to the UEC for 1988, the above

equation may be written as follows.

UEC,log UEC,, - e + f3t (A-15)

Upon solving the above equation for UECt, the following equation emerges.

UEC, = UECss x e" x e p' (A-16)

The initial intercept estimate is the following part of the equation above.
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EINTER = UECs8 x e _ (A-17)

SOURCE:

Decision Analysis Corporation and Arthur D. Little, "Industrial Model: Selected Process

Flows Revised Final Report," prepared for EIA under Contract No. DE-AC01-92EI21946,

Subtask 2B, Vienna, VA, April 26, 1993.
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MODEL INPUT: EMI5oCONTROLFA C

MODEL COMPONENT:

DEFINITION: Emission control factor for pollutant p using fuel f

DISCUSSION:

Emission factors for all pollutants except CO2 and total carbon were derived from EPA

era_s,_'onsfactors. Carbon emission factors were obtained from (EIA).

SOURCE:

Energy Information Administration, "Emissions Greenhouse Gases: 1985 - 1990",

DOE/EIA-0573 (Washington, D.C., September 1993).
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MODEL INPUT: ENBINT

MODEL COMPONENT: Buildings

DEFINITION: Unit energy consumption (UEC) for fuel fused in building end use

e

DISCUSSION:

There is no building energy use in the non-manufacturing industries due to lack of information,

therefore, there is no unit energy consumption for these industries. For the manufacturing

industries, the unit energy consumption for buildings is determined in the following manner.

Total electricity consurnption for buildings for lighting and air conditioning is provided by ADL.

Percents of total electricity consumption for each end use are based on a study by Halger,

Bailley & Company. Several assumptions were made to estimate energy use from this stud_:.

In particular, information was not available for the tobacco industry, so it was assumed to be

similar to the food industry. Building energy use for the furniture industry was assumed to be

similar to energy use in the lumber industry. Consumption of natural gas in buildings was

determined from the 1985 energy consumption data from an ISTUIvl-2 run made by Energy and

Environmental Analysis, Inc. Consumption of steam in buildings was determined through the

following procedure"

1. Total fuel consumption for space heating is obtained using the percent shares

from the Halger, Bailley study and total fuel consumption from MECS.

2. The ADL Industrial Model Baseline Database natural gas consumption estimate

is subtracted from the total fuel consumption calculated above, resulting in the

fuel consumption necessary to generate steam.

3. Using boiler efficiencies provided by ADL, the steam consumption is estimated.

The unit energy consumption is then calculated by dividing the consumption of each fuel for

lighting and HVAC by an EIA estimate of 1988 employment for the industry. The UECs are

calculated on a national basis and assumed to be constant for each region.
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SOURCES:

Decision Analysis Corporation of Virginia and Arthur D. Little, "Industrial Model:

Baseline Database Final Report," prepared for EIA under Contract No. DE-AC01-92EI21946,

Subtask 1, Vienna VA, January 15, 1993, Appendix E.

Halger, BaiUey & Company, "Industrial Buildings Energy Use," prepared for Department

of Energy, Office of Buildings and Community Systems, March 1987.

Energy Information Administration, Manufacturing Energy Consumption Survey:

Consumption.of Energy !988, DOE/EIA-0512(88), May 1991.

Energy and Environmental Analysis, Inc., "Industrial Energy Productivity Project - Final

Report", prepared for the Department of Energy, DOE/CS/40151 (nine volumes), February

1983.
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MODEL INPUT: ENPINT

MODEL COMPONENT: Process/Assembly

DEFINITION: Unit energy consumption (UEC) at process step s for fuel f and

vintage v

DISCUSSION:

The UECs for the non-energy-intensive and non-manufacturing industries are obtained from

ADL estimates. For the energy intensive industries, UECs are derived for each process step

as well as for each fuel. The total unit energy comuniption for each process step for each of the

energy intensive industries is determined from ADL estimates and 1988 value of output. ADL

provides estimates of UEC for electricity, steam, and direct fuels fired. The total consumption

in the PA component is obtained for each industry and fuel from the ADL Industrial Model

Baseline Database. The UEC for direct fuels fired is then shared out between the fuels

consumed at each process step based on the ADL Industrial Model Baseline Database.

ENPINTv,f., = ENPINTLA G_I,s (A-18)

where:

ENPINT,,zs = Unit energy consumption of fuel f at process step s
for vintage v, and

ENPINILAG,,j., = Lagged unit energy consumption of fuelf at process
step s for vintage v.

ENPINT_/._ = EINTER_¢._ x CSCCURv,f,s (A-19)

where:

ENPINTvj., = Unit energy consumption of fuel f at process step s
for vintage v,
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EINI_R,,d. s = Intercept at process step s for fuel f for vintage v,
and

CSCCURv,t:s = Current energy savings at process step s for fuel f
for vintage v.

The unit energy consumption is calculated at the national level, and is assumed to be constant

for all Census regions. The initial UEC estimates are assumed equal for both old and new

vintage. UEC estimates are measured in kWh/ton for electricity and in MMBtu/ton for all other

fuels.

SOURCES:

Decision Analysis Corporation and Arthur D. Little, "Industrial Model: Selected Process

Flows Revised Final Report," prepared for EIA under Contract No. DE-AC01-92EI21946,

Subtask 2B, Vienna, VA, April 26, 1993.

Decision Analysis Corporation of Virginia and Arthur D. Little, "Industrial Model:

Baseline Database Final Report," prepared for EL& uuder Contract No. DE-AC01-92EI21946,

Subtask 1, Vienna VA, January 15, 1993.
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MODEL INPUT: ENSINT

MODEL ,,COMPO,NENT: Boiler/Steam/Cogeneration

DEFINITION: intensity for fuel f consumed in the BSC component

DISCUSSION:

Intensity for fuels consurned in the BSC component were obtained from the Department of

Energy.

SOURCE:

Department of Energy, "Industrial Energy Productivity Project - Final Report," Generic

Energy Services, DOE/CS/40151-1, Vol. 7 of 9, February 1983.
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MODEL INPUT: GEN90

MODEL COMPONENT: Boiler/Steam/Cogeneration

DEFINITION: 1990 generation of electricity

DISCUSSION:

Generation of electricity in 1990 was obtained from EIA-867 data.

SOURCE:

Energy Information Administration, EIA-867, Survey of Independent Power Producers

Database.
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MODEL INPUT: GENEQPHTRT

MODEL COMPONENT: Boiler/Steam/Cogeneration

D,,E_ION: Heat rate for cogeneration of electricity by prime mover m

DISCUSSION:

Heat rates are assumed to be constant for all industries and all regions. Heat rates change based

on the prime mover. For combustion turbines, including gas turbines and combined cycles, the

heat rate is assumed to be 14,000 Btu/kWh. Internal combustion engines have a heat rate of

11,000 Btu/kWh. Steam turbines have a heat rate of 25,000 Btu/Kwh. Renewables, including

wind turbines, solar and hydropower, are assumed to have a heat rate of 0 Btu/kWh.

SOURCE:

Decision Analysis Corporation of Virg_a and Arthur D. Little, "Industrial Model:

Baseline Database Final Report," prepared for EIA under contract No. DE-AC01-92EI21946,

Task 92-016, Subtask 1, Vienna VA, January 15, 1993, p. 32.
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MODEL INPUT: GENEQPSHR

MODEL COMPONENT: Boiler/Steam/Cogeneration

DEFINITION: Share of cogeneration for prime mover m

DISCUSSION:

The share of cogeneration by prime mover was obtained from EIA-867 data.

SOURCE:

EnergyInformationAdministration,EIA-867,SurveyofIndependentPower Producers

Database.
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MODEL INPUT: GENEQPSTEFF

,,_MODELCOMPONENT: Boiler/Steam/Cogeneration

DEFINITION: Efficiency of cogeneration for prime mover m

DISCUSSION:

The efficiency for internal combustion engines and combustion turbines is 74 percent for all

industries. The efficiencies for steam turbines and renewables are 0.

SOURCE:

ADL, Facsimile, February 8, 1993.
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MODEL INPUT: GENUTIL

MODEL COMPONENT.: Boiler/Steam/Cogeneration

DEFINITION: Capacity utilization for cogeneration

DISCUSSION:

Capacity utilization data was obtained from EIA-867 data.

SOURCE:

Energy Information Administration, EIA-867, Survey of Independent Power Producers

Database.
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MODEL INPUT: GSTEAM

MODEL COMPONENT: Boiler/Steam/Cogeneration

DEFINITION: Steam demand coefficient for cogeneration regressions

DISCUSSION:

The steam demand coefficient was estimated through a system of simultaneous linear

regressions. The following equation was estimated from pooled EIA-867 data over the years

1989, 1990, and 1991.

LN(GEN) - t_ + f_ x LN(S_ (A-20)

The resulting coefficient,/3, is the steam demand coefficient. Data for generation was obtained

from the EIA-867 database. Data for steam demand was determined from 1988 MECS. The

same coefficient is used for each industry and region.

SOURCES:

Energy Information Administration, EIA-867, Survey of Independent Power Producers

Database.

Energy Information Administration, Manufacturing Ener__Dry_Consumvtion Survey:

Consumption of Energ3, 1988., DOE/EIA-0512(88), May 1991.
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MODEL INPUT: IDVAL

MODEL COMPONENT: Process/Assembly

DEFINITION: Units of value of production

DISCUSSION:

A value of one for IDVAL indicates that the input data for value of production is in physical

units. A value of two indicates that the value of production is in dollar units. The following

industries have IDVAL equal to 1: paper and allied products, glass and glass products, hydraulic

cement, blast furnaces and basic steel products, and primary aluminum.
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MODEL INPUT: INDDIR

DEFINITION: Industry code

DISCUSSION:

The following table shows the industry codes used by the Industrial model.

Industry CodeI_ _ Industry Name_ SICCode_ _ I

Non-Manufacturing
i|11 iii i iiiii

01 Agricultural Production - Crops 01

,02 Other Agriculture including livestock 02 - 09

03 Coal Mining 12

04 Oil and Gas Mining 13
,,,, ,, ,,

05 Metal and Other Non-Metallic Mining 10, 14

06 Construction 15, 16, 17

Manufacturing
ill i "l'" iwll

07 Food and Kindred Products 20

08 Tobacco Products 21

09 Textile Mill Products 22

10 Apparel and Other Textile Products 23

11 I.amaber and Wood Products 24

12 Furniture and Fixtures 25

13 Paper and Allied Products 26

14 Printing and Publishing 27

15 Bulk Chemicals 281,282, 286, 287

19 Other Chemicals and Allied Products 283, 284, 285,289

20 Petroleum Refining 291

21 Asphalt and Miscellaneous Coal 2911
Products
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22 Rubber and Miscellaneous Plastics 30
Products

,.,,,,

23 Leather and Leather Products 31
, . ,, ,., ..

24 Glass and Glass Products 321,322, 323
,,, .,.

25 Cement, Hydraulic 324
,,, ,,,,

26 Other Stone, Clay, and Glass Products 325,326, 327, 328,
329

...... ., ,,,

27 Blast Furnace and Basic Steel Products 331,332

28 Primary Aluminum 3334, 3341, 3353,
3354, 3355

29 Other Primary Metals 333 - 336, 339, with
the above exceptions

30 Fabricated Metals Products 34
, ,,., ,

31 Industrial Machinery 35
, , ,, ,,,,, ,.,, --

32 Electronic and Other Electric 36

Equipment
,,,,,

33 Transportation Equipment 37
, , ,. i , ,,,

34 Instnmaents and Related Products 38
i,

35 Miscellaneous Manufacturing 39
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MODEL INPUT: INDSTEPNAME

MODEL COMPONENT'. Process/Assembly

DEFINITION: Step name for process step s

DISCUSSION:

The following process steps are modeled in the Industrial model.

Industry I Process Step

IIIIIII III I I III I I

Food and Kindred Products
-- i' ' ii i iii iiii iiiii - iii ' i

Direct Heating
,,, -- ,,

Hot Water and Steam

Refrigeration and Freezing
,,, , , __ ,,,

Other Electric Use

Paper and Allied Products
ii ii i i ii iii

Papermaking

Bleaching

Waste Fibers Pulping

Mechanical Pulping

Semi-Chemical Pulping

KraftPulp ag

Wood Preparation

Bulk Chemicals
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Electrolytic

Other Electric

Direct Fuels

Steam
, ,,,,,,

Feedstocks

Glass and Glass Products

Post-Forming

Forming

Melting/Recycled

Melting/Virgin

Batch Prep/Recycled

Batch Prep/Virgin
i II II I I

Hydraulic Cement

Finish Grinding
,,,,,

Dry Process

Wet Process

Blast Furnace and Basic Steel Products
l i_ll I' 'It

Cold Rolling
Pill IIIHII

Hot Rolling

Ingot Casting
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Continuous Casting

Blast Furnace/Open Hearth

Blast Furnace/Basic Oxygen Furnace
,,

Electric Arc Furnace
_ __ =,, -- ,,,

Coke Ovens
,, -- i

Primary Aluminum
i i II i i -- i __ iii i i " ii

Aluminum Smelting

SOURCE:

Decision Analysis CorporationandArthur D. Little, "IndustrialModel: Selected Process

Flows Revised Final Report," prepared for EIA under Contract No. DE-AC01-92EI21946,

Subtask 2B, Vienna, VA, April 26, 1993.
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MODEL INPIYr: /TYPE

MODEL COMPONENT: Process/Assembly

DEFINITION: Equation type for fuel f at process step s

DISCUSSION:

The equation type determines what method to use to calculate updated UECs. Equation type one

assumes the UECs are constant. Equation type two is an econometrically estimated equation.

Equation type three corresponds to the technology possibility curves. The non-energy-intensive

industries, with a few exceptiom, utilize an econoruetric equation, or equation type two, to

estimate UECs. The energy intensive industries, with the exception of the feedstock process step

in the bulk chemicals industry, use equation type 3 developed by ADL. The feedstock process

step uses equation type one to estimate UEC.
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MODEL INPUT: OGEN

MODELCOMPONEN_..: Boiler/Steam/Cogeneration

DEFINITION: Electricity generation for own use coefficient

DISCUSSION:

The electricity generation for own use coefficient was obtained from simultaneous regressions

on EIA-867 data for the years 1989 through 1991. A regression relating total generation to

steam demand was estimated, then the following equation was estimated for own use generation.

LN(OWN) = tx + f_ x LN(GEN) (A-21)

The resulting slope coefficient, B, is the own use coefficient.

_SOURCE:

Energy Information Administration, EIA-867, Survey of Independent Power Producers

Database.
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MODEL INPUT: OWN90

MODEL COMPONENT: Boiler/Steam/Cogeneration

DEFINITION: 1990 Electricity generation for own use

DISCUSSION:

1990 generation for own use was obtained from EIA-867 data.

SOURCE:

Energy Information Administration, EIA-867, Survey of Independent Power Producers

Database.
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MODEL INPUT: PHDRAT

MODEL COMPONENT: Process/Assembly

DEFINITION: 1990 production either in physical units or dollar value

DISCUSSION:

PHDRAT is in dollar units for the non-energy-intensive industries, and in physical units for the

energy intensive industries except for the food and chemical industries, which are expressed in

dollar value of output. Data for the non-energy-intensive industries are expressed in 1987

dollars inflated from 1982 million dollars using PCIO price deflators.

For the industries expressing value of output in physical units, data was obtained from various

trade journals. Data for the paper, aluminum, and iron and steel industries were obtained from

Business Statistics 1963-1991. Data for the cement industry was obtained from the Minerals

Yearbook.

SOURCES:

Business Statistics !963-19.91, p. 110, 113, and 126.

Minerals Yearbook, U.S. Department of the Interior, Bureau of Mines, Volume II.
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MODEL INPUT: PRODFLOW

MODEL COMPONENT: Process/Assembly

DEFINITION: Fraction of throughput to process step s linked through link l for

vintage v

DISCUSSION:

For the non-energy-intensive industries, the fraction of throughput is one since each non-energy-

intensive industry is assumed to consist of only one process step linked to the consumer. For

the energy intensive industries, the fraction of throughput to each process step is determined by

examining detailed process flows of each industry. All process steps linked to final consumption

have a throughput fraction of one since the total amount emerging from the process step is

passed directly to the final consumption. In the food and kindred products industry, each step

is linked only to the final consumption, therefore the fxaction of throughput to each process step

through its only link is one. For all other energy intensive industries, if the current step has

only one link, then the total amount of throughput at the current process step is divided by the

total amount of throughput at the previous step to get fraction of throughput. If the current step

is linked to several steps, then the fraction of throughput is determined by dividing the amount

of throughput at the current step by the sum of throughput to all steps linked to the current step.

Data on physical throughput to each process step is obtained from ADL estimates.

SOURCE:

Decision Analysis Corporation and Arthur D. Little, "Industrial Model: Selected Process

Flows Revised Final Report," prepared for EIA under Contract No. DE-AC01-92EI21946,

Task 92-016, Subtask 2B, Vienna, VA, April 1993.
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MODEL INPUT: PRODRETR

MODEL COMPONENT: Process/Assembly

DEFINITION: Retirement rate at process step s

DISCUSSION:

Retirement rates were obtained from the Bureau of the Census. Unpublished data from the

Survey of Plant Capacity from 1977 to 1988 was used to develop retirement rates.

SOURCE:

Bureau of the Census, Survey of Plant Capacity unpublished data.
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MODEL INPUT: STEMCURgo

MODEL COMPONENT: Boiler/Steam/Cogeneration

DEFINITION: Initial steam demand

DISCUSSION:

Initial steam demand for 1990 is obtained from 1988 Manufacturing Energy Consumption Survey

(MECS) for each industry and region.

SOURCE:

Energy Information Administration, Manufacturing Encr_ Consumption Survey:

Consumption of Energy 1988, DOE/EIA-0512(88), May 1991.

Energy Information Administration
NEMS Industrial Demand Model Documentation Report

A-68



MODEL INPUT: SULFURCONT

MODEL COMPONENT:

DEFINITION: Sulfur content of fuel f

DISCUSSION:

Sulfur contents are not currently calculated in the model. Therefore, all values are set to one

for all fuels.
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MODEL INPUT: UNCONTEMISSFACT

MODEL COMPONENT:

DEFINITION: Uncontrolled emission factor for pollutant p using fuel f

DISCUSSION:

Uncontrolled emission factors for all pollutants except CO2 and total carbon were derived from

EPA emissions factors. Carbon emission factors were obtained EIA (1993).

SOURCE:

Energy Information Administration, "Emissions Greenhouse Gases: 1985 - 1990",

DOE/EIA-0573 (Washington, D.C., September 1993).
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Appendix B. Mathematical Representation of Model Algorithms

Introduction

This appendix presents the subroutine flow diagrams for the Industrial Sector Model and a detailed

mathematical description of the industrial model. The diagrams depict the relation between the main

modules and the various submodules of the model. The Industrial Sector Model has three main

subroutines: IND, ISEAM, and MODCAL. All the other subroutines are called from these subroutines.

Equations are presented for each subroutine according to each of the three model components, as well

as miscellaneous equations. Table B-1 provides the location of each equation by providing equations

found in each subroutine.
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Figure B-1. Main Industrial Subroutine - IND
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Figure B-2. Subroutine ISEAM
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Figure B-2. Subroutine ISEAM, cont.
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Table B-1. Equation locations

i:i_'!,_ __iii.......ii_,_;_.,_io.i._ _ii_:: i_,_i

CALBSC B-98 to B-99

CALBTOT B-1 toB-2

CALBYPROD B-129 to B-138

CALC$C None

CALCSC1 B-33

CALCSC2 B-34tO B-36

CALCSC3 B-37 to B-58

CALGEN B-62 to B-73

CAL/_ B-.61

CALPATOT B-3 to B-14

CALPRC None

CALPRCI None

CALPRC2 B-59 to B-60

CALPRC3 None

CALPROD B-15 to B-32

CALSTOT B-74 to B-87

CONTAB B-160 to B-178

EDATA None

FUELBOIL B-88 to B-97

IBSEDS B-226 to B-229

IND B-122 to B-125

INDCGN B-100 to B-121
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INDEMISI None

INDEMISS B-154 to B-159

INDTOTAL B-139 to B-147

ISEAM None

MODCAL None

NA1TOTAL B-148 to B-153

PDATA B-230 to B-235

RCNTL None

RDBIN None

REXOG B-126 to B-128

S UMTAB B-179

WEXOG B-180 to B-225

WRBIN None

WRQ/T None
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BUILDINGS

CALBTOT

Calculate energy consumption in buildings

ENBQTYe/ = EMPLXi. r x ENBINTt. f (B..I)

where:

ENBQTY,. s = Consumption of fuel f for building end use e,

EMPLXi., = Employment for industry i in Census region r, and

ENBINT, j = Unit energy consumption of fuel f for building end use
e.

2

ENBQTYto_. f = __, ENBQTYtl (13-2)
ell

where:

ENBQTY, o,,,ts = Consumption of fuel f for all building end uses, and

ENBQTY, j = Consumption of fuel f for building end use e.
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PROCESS/ASSEMBLY

CALPATOT

For the construction industry, calculate consumption of asphalt and road oil for years after 1990.

ENPQTY,.asr,.s= ENPINTv,,m,.s x PRODZEROv,s + 0.4 x (PRODCURv.s - PRODZEROv.s) (B-3)

where:

ENPQTYv.,_p., = Consumption of asphalt and road oil at process step s for
vintage v,

ENPINT,,.,,.,p.s = Unit energy consumption of asphalt and road oil at process
step s for vintage v,

PRODZERO,,., = 1990 production at process step s for vintage v, and

PRODCUR_., = Production at process step s for vintage v.

For the bulk chemical industry and the natural gas feedstock process step, the following
equations are used after 1990.

ENPQTYv,ns¢,s = ENPINT_,.nd,s x PRODZEROv.s + 0.25 x (PRODCURv,s - PRODZEROv.s) (]3-4)

where:

ENPQTYv.n_., = Consumption of natural gas feedstock at process step s for
vintage v,

ENPINT,,.,,_.s = Unit energy consumption of natural gas feedstock at
process s step for' vintage v,

PRODZEROv., = 1990 production at process step s for vintage v, and

PRODCURv., = Production at process step s for vintage v.
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For liquid petroleum gas and petrochemical feedstocks the following is used.

ENPQTYvj,¢d = ENPINTvl, fd x PRODZEROv,fd + 0.8 x (PRODCUP%_fd - PRODZEROv4 d) 03-.5)

where:

ENPQTY_Ijd = Consumption of fuel f at the feedstock process step for
vintage v,

ENPINTv,tjd = Unit energy consumption of fuel f at the feedstock process
step for vintage v,

PRODZERO,,,fd = 1990 production at the feedstock process step for vintage v,
and

PRODCURvjd = Production at the feedstock process step for vintage v.

For all other fuels and process steps, calculate energy consumption

ENPQ?YvI,_ = PRODCUR,,_ x ENPINTvj,_ (B-6)

where:

ENPQTY,,j,s = Consumption of fuel f at process step s for vintage v,

PRODCUR,,.s = Production at process step s for vintage v, and

ENPINTv,t.s = Unit energy consumption of fuel f at process step s for
vintage v.

_

3

ENPQTyw_,_ = _ ENPQTyv_, _ 01-7)
v=l
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where"

ENPQTYtot_Ij;.s = Consumption of fuelf at process step s for all vintages, and

ENPQTYvzs = Consumption of fuel f at process step s for vintage v.

Convert to trillion Btu. For electricity use the following equation.

ENPQTYv,etec,_= ENPQTYv,etec,_x 3412.0 (11-8)106

where:

ENPQTY,,,._.s = Consumption of electricity at process step s for vintage v,

3412.0 = Conversion factor, 3412.0 Btu per kilowatthour, and

106 = Conversion factor to convert from MMBtu to trillion Btu.

For all other fuels use the following

ENPQTYv/_ OB-9)
ENPQTYv4_ = 106

where:

ENPQTY,,,f., = Consumption of fuel f at process step s for vintage v, and

l& = Conversion factor to convert from MMBtu to trillion Btu.
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tPMAX_

ENPQTYv.to_d_ = _ ENPQTY_¢_ 03-10)
/.1

where:

ENPQTYv.toua,s = Consumption of all fuels at process step s for vintage v,

IFMAXs = Number of fuels consumed at process step s, and
I

ENPQ.TY, z, = Consumption of fuel f at process step s for vintage v.

Sum energy consumption for main fuels, intermediate fuels, and renewable fuels.

MPASTP

ENPMQTYf= _ ENPQTYto_tl, , (!1-11)
$ ffil

where:

ENPMQTYf = Consumption of main fuel f in the PA component,

MPASTP = Number of process steps, and

ENPQTYto_,f. _ = Consumption of fuel f at process step s for all vintages.

M/'AS/_

ENPIQTYf= _ ENPQTY_,_dI_ (B-12)
$'1
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where:

ENPIQTYy = Consumption of intermediate fuel f in the PA component,

MPASTP = Number of process steps, and

ENPQTYtot,nj.s = Consumption of fuel f at process step s for all vintages.

MI'A$TP

ENPROTYf= _ ENPQTYto_dj,_ (13-13)
$ffi!

where:

ENPRQTYf = Consumption of renewable fuel f in the PA component,

MPASTP = Number of process steps, and

ENPQTYtouazs = Consumption of fuel f at process step s for all vintages.

For the blast furnace and basic steel products industry at process step 8 (coke ovens), use the
following equation:

24.8 (I1-14)ENPMQTYco _ = ENPIQTYco_ - PRODCURto_,co x
106

where:

ENPMQTY_,_, = Consumption of coke imports in the PA component,

ENPIQTY_o_, = Consumption of coke in the PA component,
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PRODCUR_,t_.w = Production at the coke oven process step for all vintages,
and

24.8/l& = Conversion factor, where there are 24.8 MMBtu per short
ton of coke converted to trillion Btu.

CALPROD

For the manufacturing industries, the following equations are used to retire old and mid vintage
production.

PRODCURota,s = [PRODCURotd.s + IDLCAPota,s] x (1 - PRODRETR) (B-IS)

where:

PRODCURou.s = Existing production at process step s for old vintage,

IDLCAPoad._ = Idle production for process step s for old vintage, and

PRODRETR s = Retirement rate at process step s.

PRODCUR.ad_ = (PRODCURm_ + PRODCUR.e_) x (I - PRODRETR) (11-16)

where:

PRODCUR,,ad.; = Existing production at process step s for mid vintage,

PRODCUR,,_., = Production at process step s for new vintage, and

PRODRE2_, = Retirement rate at process step s.

For the non-manufacturing industries, there is no retirement data.
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PRODCURo_ = PRODCURo_. ' + IDLCAPo_ ' (B-17)

where:

PRODCURou.s = Existing production at process step s for old vintage, and

IDLCAPou.s = Idle production for process step s for old vintage.

PRODCUR.._., = PRODCUR.e_, + PRODCUR.,w. , (B-18)

where:

PRODCUR,,,_,, = Existing production at process step s for mid vintage, and

PRODCUR,,_. s = Production at process step s for new vintage.

If IDVAL = 1. then

PRODXt, r - PHDRAT x PRODVXi, , (B-19)

where:

PRODX_., = Output in physical units for industry i in Census region r,

PHDRAT = Ratio of physical units to value of output, and

PROD VX_.r = Value of output for industry i in Census region r.
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If IDVAL = 2, then

PRODX_: = PROD VX_,, (B-20)

where:

PRODXi., = Output in dollar units for industry i in Census region r, and

PRODVX_., = Value of output for industry i in Census region r.

If process step is linked to final consumption then,

PRODCUP_ = PRODFLOWot,_.t x PRODXI. , (B-21)

where:

PRODCUR_z , = Production at process step s for all vintages,

PRODFLOWo_.,.t = Down-step throughput to process step s linked by link I for
old vintage, and

PRODXt,. = Value of output for industry i in Census region r.

If total current production is greater than production from old and middle vintage, then

PRODCUR,_.s = PRODCURtoua.s - PRODCURot, t s - PRODCUR,,aa,s 08-22)

where:

PRODCUR,_., = Production at process step s for new vintage,

PRODCURto_t., = Total production at process step s for all vintages,
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PRODCURotd., = Existing production at process step s for old vintage, and

PRODCUR,,ad.s = Existing production at process step s for mid vintage.

If current production is equal to production from old and middle vintage, then PRODCUR,_.s
= 0.0, and PRODCUR,,ad.s is unaltered.

If current production is less than production from old and middle vintage, then PRODCUR,,,.w.s
= 0.0 and

PRODCURot_ = PRODCURout_ - IDLCAPoa., (B-23)

where:

PRODCURo_.s = Existing production at process step s for old vintage, and

IDLCAP,,_., = Idle production for process step s for old vintage.

IDLCAPo_ = PRODCURo_ + PRODCUR_,r - PRODCUR_,, (B-24)

where:

IDLCAPo_., = Idle production for process step s for old vintage,

PRODCURo_t., = Existing production at process step s for old vintage,

PRODCUR,,ad._ = Existing production at process step s for mid vintage, and

PRODCURtoua., = Production at process step s for all vintages.

If PRODCUR,,ta., is less than 0, then
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PRODCURm_,s = PRODCURm_ _ + PRODCURota,* (B-25)

where:

PRODCUR,,e,d., = Existing production at process step s for mid vintage, and

PRODCURou_., = Existing production at process step s for old vintage.

If PRODCURm_., is less than O, then PRODCURm_.s = 0.0.

If step is not linked to final consumption and there is no new production, then

PRODS UM,,_,z.t = PRODCUR_t,a.te x PRODFLO Wot,O_ 03-26)

where:

PRODSUM,,,.,,.,.t = Amount of throughput used at process step s through link
I for new vintage,

PRODCUR_ta.te = Production at process step IP linked to process step s
through link l for all vintages, and

PRODFLOWo_o,._ = Down-step throughput to process step s linked by link I for
old vintage.

PRODCUR_,ta. s = PRODCUR_at.s + PRODSUM,,_.s. t 03-27)

where:

PRODCUR,,,t,a., = Production at process step s for all vintages, and
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PRODSUM,,,_.s.t = Amount of throughput used at process step s through link
l for new vintage.

If link l is the last link for process step s, then PRODCUR,,_,,,, = 0.0. And,

PRODCURota,s = PRODCURto_, s - PRODCUR,,a,_ (B-28)

where:

PRODCURow., = Existing production at process step s for old vintage,

PRODCURtoua., = Production at process step s for all vintages, and

PRODCUR,_,, = Existing production at process step s for mid vintage.

If PRODCURo_.s is less than 0, then

PRODCURm_d,s = PRODCURmuts + PRODCURota,_ 01-29)

where:

PRODCUR,,.ut., = Existing production at process step s for mid vintage, and

PRODCURo_., = Existing production at process step s for old vintage.

If PRODCUR_., is less than 0, then PRODCUR,n_., = 0.0.
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If there is new production, then

PRODSUM, u_._# = PRODCUR,,ew.tP x PRODFLO W,_w._.t (B-30)

where:

PRODSUM=._.s.t = Amount of throughput used at process step s through link
l for new vintage,

PRODCUR,,_.w = Production at process step IP linked to process step s
through link I for new vintage, and

PRODFLOW,_.s.t = Down-step throughput to process step s linked by link I for
new vintage.

PRODC UR,,ew.s= PRODC UR,u_,s + PRODS UM,,ew,s.t 0B-31)

where:

PRODCUR,_._ = Production at process step s for new vintage, and

PRODSUM,,,.w.s.I = Amount of throughput used at process step s through link
I for new vintage.

If new production at the first process step is not zero, then

PRODCUR_,_,_ = PRODCURouts + PRODCURm_ts + PRODCUR,,,.w,_ (B-32)

where:

PRODCURto_., = Production at process step s for all vintages,

PRODCURo_., = Existing production at process step s for old vintage,

PRODCUR_., = Existing production at process step s for mid vintage, and
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PRODCUR,_,.s = Production at process step s for new vintage.

CALCSC1

Calculate UEC's

ENPINT_# = ENPINTLA G_# 03-33)

where:

ENP/NT, d.s = Unit energy consumption of fuel f at process step s for
vintage v, and

ENPINTLAG, j,, = Lagged unit energy consumption of fuel f at process step s
for vintage v.

CAI_SC2

Calculate CSC's for old and new vintage. If CUMOUT_, is less than or equal to zero, then
CSCCUR_j,_ = 1.0, otherwise use the following equation.

=[C OUTto_,s: (B-34)CSCCUP_# UM_ csc,/.,

where:

CSCCUR,:., = Current energy savings at process step s for fuel f for
vintage v,

Energy Information Administration
NEMS Industrial Demand Model Documentation Report B-22



CUMOUTtoI_,s = Cumulative output, from 1958 through the lag of the
current year, at process step s for all vintages, and

BCSC,,:, = Energy savings coefficient at process step s for fuel f and
vintage v.

Calculate the UEC's for old and new vintage.

ENPINTvl, s = EINTERv,f,s x CSCCURv,¢,s (B-35)

where:

ENPINTvj.s = Unit energy consumption of fuel f at process step s for
vintage v,

EINTER,,j.s = Intercept at process step s for fuel f for vintage v, and

CSCCURv:, = Cttrrent energy savings at process step s for fuel f for
vintage v.

For mid vintage use the following equation for UEC.

SUMPINTfa (B-30ENPINTm_f a =
CUMPRODne_a

where:

ENPINT,,_,c._ = Unit energy consumption of fuelf at process step s for mid
vintage,

SUMPINTfa = Cumulative unit energy consumption of fuel f at process
step s, and

CUMPROD,_., = Cumulative production at process step s for new vintage.

CALCSC3
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Calculate CSC's for old and new vintage.

CSCCUI_.:,, = e ncsc'l" _'(cue,n_ - t) (B-37)

where:

CSCCURvj., = Current energy savings at process step s for fuel f for
vintage v,

BCSCv:, = Energy savings coefficient at process step s for fuel f and
vintage v, and

CUR/YR = Current year index.

Calculate UEC's.

ENPINT_/,_ = EINTERvI,, x CSCCUI_/,s (B-38)

where:

ENPINT_, = Unit energy consumption of fuel f at process step s for
vintage v,

E/NTE/_:.s = Intercept at process step s for fuel f for vintage v, and

CSCCUR_:., = Current energy savings at process step s for fuel f for
vintage v.

For the cold rolling process step for the blast furnace and basic steel products industry, use the
following equations for new vintage UEC's.

Electric
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where:

ENPINT,,_,.et,c.s = Unit energy consumption of electricity at process step s for
new vintage,

EINTER,_.,.t_.s = Intercept at process step s for electricity for new vintage,

CSCCUR,,_,.n,_., = Current energy savings at process step s for electricity for
new vintage, and

CURIYR = Current year index.

Natural Gas

[0 ]ENPINT,_m, , -- EINTER,_m, , x CSCCUR,_,_ x _ x .38 + (0.31 - 0.38) x (CURIYR - 1) (B-40)• 0.38 25

where:

ENPINT,_.,,g., = Unit energy consumption of natural gas at process step s
for new vintage,

EINTER,_.,,g., = Intercept at process step s for natural gas for new vintage,

CSCCUR,,o.,.,,g., = Current energy savings at process step s for natural gas for
new vintage, and

- CURIYR = Current year index.
_

Residual fuel

ENPINT"w'r'_'a= EINTEI_'_'x C$CCUR"r"_"x I'_ x[ O'O07+ (O'O06- O'_ x (CU_ - I)']0.00725 (B-41)
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where:

ENPINT,.ew.,_.s = Unit energy consumption of residual fuel at process step s
for new vintage,

EINTER,_.r_., = Intercept at process step s for residual fuel for new vintage,

CSCCUR,_.r,_.s = Current energy savings at process step s for residual fuel
for new vintage, and

CUR/YR = Current year index.

Distillate

where:

ENPINT,,_.,_., = Unit energy consumption of distillate at process step s for
new vintage,

EINTER,_.,_., = Intercept at process step s for distillate for new vintage,

CSCCUR,_.,_., = Ourent energy savings at process step s for distillate for
new vintage, and

CUR/YR = Current year index.

Liquid petroleum gas

ENP_NT'_'_g's = E_N7ER_w_'x C$CCUR_._'x _-L-xI_ + (_8 - _) x (CUR_YR -1) 10.00125 (B-43)
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!

where:

ENPINT,_.,,.,g.s = Unit energy consumption of liquid petroleum gas at process
step s for new vintage,

EINTER,,_.#,_._ = Intercept at process step s for liquid petroleum gas for new
vintage,

CSCCUR,,ew,_g._ = Current energy savings at process step s for liquid
petroleum gas for new vintage, and

CURIYR = Current year index.

Petroleum coke

ENPINT"e"t":'_= EINI_Rn_'*"a x C$CCURs_'*':" x 1"--_x0.0002[0.0002+ (O.O0016- O.O002)x (CURIYR - I) ]25(B-44)

where"

ENPINT,,,.,,._.s = Unit energy consumption of petroleum coke at process step
s for new vintage,

EllVTER,_._._ = Intercept at process step s for petroleum coke for new
vintage,

CSCCUR,_,,.p,:.s = Current energy savings at process step s for petroleum coke
for new vintage, and

CURIYR = Current year index.
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Other petroleum

F'NPmr_" =em_R"_"_ x CSCCUR'"_"x I"L'-x [°'°°2 + (°'°°I6 - °'°°2) x (cURn'R - I)]O.O0225 03..45)

where:

ENPINT,,_,,p,_,s = Unit energy consumption of other petroleum at process step
s for new vintage,

EINTER,,.,.,._., = Intercept at process step s for other petroleum for new
vintage,

CSCCUR,,..,,p,_,, = Current energy savings at process step s for other
petroleum for new vintage, and

CURIYR = Ouvent year index.

Steam

ENPINT'm"a's = EINTER'_'_" x C$CCUR'_"_'s x l-'_ x [0"41+0.41(0.47 - 0.41) x (CURIYR -1)]25 (B-46)

where:

ENPINT,,...,,,t,_ = Unit energy consumption of steam at process step s for new
vintage,

EINTER,,e.,.,u = Intercept at process step s for steam for new vintage,

CSCCUR,,...,,a,s = OuTent energy savings at process step s for steam for new
vintage, and

CURIYR = Current year index.

For the blast furnace process step in the blast furnace and basic steel products industry, use the
following equations to calculate UEC's.
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Natural Gas

I x [0.06+(0.26-O.06)x (CURIYR- I)](B-47)
ENPINTo_m_= EINTERo_.c_ x CSCCURo_ x 0.'--'_ [ 25 ]

where:

ENPINTota.ng., = Unit energy consumption of natural gas at process step s
for old vintage,

EINTER,,_.,,t., = Intercept at process step s for natural gas for old vintage,

CSCCURotd.,g., = Current energy savings at process step s for natural gas for
old vintage,and

CURIYR = Current year index.

I x[0.07+ (0"36-O'07)x(CURIYR- I)](B'48)ENPINT_ = EINTER_ x CSCCURs_a x 0.---_ 25

where"

ENPINT,,_.,,g.s = Unit energy consttmption of natural gas at process step s
for new vintage,

EIN'I_R,,_.,,g.s = Intercept at process step s for natural gas for new vintage,

CSCCUR,_.,,g.s = Current energy savings at process step s for natural gas for
new vintage, and

--

CURIYR = Current year index.--
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Coke

x C$CCURo_._,,rx 1--Lx I0.77. (0.57-0.77)x (CUP,IYR- I)1 (]13-49)ENPINTo_., = £1NTER,,t,u_.,
0.77 [ 25 J

where:

ENPINTou_._,_.s = Unit energy consumption of coke at process step s for old
vintage,

EINTERo_._,_., = Intercept at process step s for coke for old vintage,

CSCCURo_._,_., = Currem energy savingsat process step s for coke for old
vintage, and

CURIYR = Current year index.

1 x [(0.00 -0.82)x (CURIYR- 1)] (B-50)ENPINT.e.,_.s = EINTER_._._ x CSCCURne.,._.s x 0.8"-'-2 25

where:

ENPINT,_.,,._k,,., = Unit en::rgy consumption of coke at process step s for new
vintage,

EINTER,_._., -- Intercept at process step s for coke for new vintage,

CSCCUR,_.,_,,_., = Ctm-ent energy savings at process step s for coke for new
vintage, and

CURIYR = Current year index.
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Steam Coal

1 x IO.01. (0.53 - 0.01)x (CUR/YR- 1)_B'51)ENPINT,_ = EINTERaew.a_z_x C$CCUR,_w__ x 0.0---1" 25

where:

ENPINT,_,a_.s = Unit energy consumption of steam coal at process step s for
new vintage,

EIArlF_n_.axe., = Intercept at process step s for steam coal for new vintage,

CSCCUR_._., = Current energy savings at process step s for steam coal for
new vintage, and

CUR/YR = Current year index.

For the dry process step in the hydraulic cement industry use the following equations to calculate
UEC's.

Electricity

ENPINT=_c,,ffiEINTER_,_c_x C$CCUR,un,,.,,uc_,x--[ ]___,I0.17+ (0.21-0.17)x(CUR/YR-I)I (B.S2)
'.'_'t J• 25

where:

ENPINT,,_,,,,,_,, = Unit energy consumption of electricity at process step s for
new vintage,

EINTER,_.,._., = Intercept at process step s for electricity for new vintage,

CSCCURn.,,_. , = Current energy savings at process step s for electricity for
- new vintage, and

CUMFR = Current year index.
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Natural Gas

= EINTERn,_,,_._x CSCCUR,_.,_,, x --1----[0.154 + (0.147 - 0.154) x (CURIYR - 1)](B'53)ENPINT,,,,w_,,
0.154[ 25 J

where:

ENPINT,,¢,.,,8., = Unit energy consumption of natural gas at process step s
for new vintage,

E/N'/T_,_.,,., = Intercept at process step s for natural gas for new vintage,

CSCCUR=_.,,., = Current energy savings at process step s for natural gas for
new vintage, and

CUR/YR = Current year index.

Steam Coal

ENPINTm,_o, gs = EINTER,_o_ x C$CCUR,,_sX o_[0.53. + (0.505 - 0.53) x (CURIYR -251)] (B'54)

where:

ENPINT,_.,_a., = Unit energy commmption of steam coal at process step s for
new vintage,

EINTER,_.,_a., = Intercept at process step s for steam coal for new vintage,

CSCCUR,_.o,a., = Currem energy savings at process step s for steam coal for
new vintage, and

CUR/YR = Current year index.

Residual Fuel

Energy Information Administration
NEMS Industrial Demand Model Documentation Report B-32



where:

ENPINT,_.,_._ = Unit energy consumption of residual fuel at process step s
for new vintage,

EINTER,_.,_,., = Intercept at process step s for residual fuel for new vintage,

CSCCUR,_.,_,., = Current energy savings at process step s for residual fuel
for new vintage, and

CUR/YR - Current year index.

Distillate Fuel

where:

ENPINT,,,.,,.,_t., = Unit energy consumption of distillate fuel at process step s
for new vintage,

EINTER,_._t. , = Intercept at process step s for distillate fuel for new
vintage,

CSCCUR,_.,_,,., = Current energy savings at process step s for distillate fuel
- for new vintage, and

- CUR/YR = Current year index.
=
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Other Petroleum

ENPINTn,.,,,m,t.. o.llst 25 J

where"

ENPINT,,,_.s = Unit energy consumptionof other petroleum at process step
s for new vintage,

EINTER,,,_,, = Intercept at process step s for other petroleum for new
vintage,

CSCCUR,,,_,,, = Current energy savings at process step s for other
petroleum for new vintage, and

CURIYR = Current year index.

Calculate UECs for middle vintage.

SUU'tNT fS-SS)
ENPINTm_,s - CUMPROD n,,_,s

where:

ENPINT,_s = Unit energy consumption of fuel f at process step s for
middle vintage,

SUMPINTI,_ = Cumulative unit energy consumption of fuel f at process
step s, and

CUMPROD,,,,s = Cumulative production at process step s for new vintage.
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CALPRC2

Calculate energy savings for old and new vintage.

11

PRCCV&:,--II[a'Rc,] (B-59)
t=l

where:

PRCCUR_j., = Current energy savings based on price for fuel f at process '
stop s for vintagev,

WPRCt = Price for fuel t in 1987 dollars, and

BELASvj.,., = Own price elasticity at process step s for fuel f and cross
price elasticity with fuel f and fuel t for vintage v.

CalculateUECs foroldand new vintage.

ENPINT_/# = ENPINT_/# x PRCCURv/,, (B-60)

where:

ENPINTvd.s = Unit energy consumption of fuel f at process step s for
vintagev,and

PRCCURv:, = Current energy savings based on price for fuel f at process
step s for vintage v.

CALINTER

Calculatethe intercept foroldandnew vintage.
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ENPINTotd/_
EINTERo_v, , = I, (B-61)

[cuo 'ss] .',1I[wRc,]
t=l

where:

EINTER_; = Intercept at process step s for fuel f for old vintage,

ENPINTo_., = Unit energy consumption of fuel f at process step s for old
vintage,

CUMOUT88 = Cumulative output through the year 1988,

BCSCo_, = Energy savings coefficient at process step s for fuel f and
old vintage,

WPRCt = Price for fuel t in 1987 dollars, and

BELASoet_,., = Own price elasticity at process step s for fuel f for old
vintage, and cross price elasticity at process step s for fuel
f and fuel t for old vintage.

The intercept for new vintage equals the intercept for old vintage calculated above.
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BOILER/STEAM/COGENERATION

CALGEN

Calculate total electricity demand

ELDEM = ENPMQTYeu c + ENBQTYto_t_u c 03-62)

where:

ELDEM = Total electricity demand from process/assembly and
buildings,

ENPMQTY, z_ = Consumption of electricity in the PA component, and

ENBQTY_ta.a,, = Consumption of electricity for all building end uses.

Calculate total steam demand

STEMCUR = ENBQTYh,,,za,.a,,, + ENPIQTYsuam 0B-63)

- where:

SI_MCUR = Total steam demand,

ENBQTYh_,,.,t,,_m = Consumption of steam for HVAC, and

ENPIQTY_t_m = Consumption of steam in the PA component.
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Calculate the intercept if year is 1990.

GEN90GINTER = (STEMC UR)_ ream 011-64)

where:

GINTER = Intercept for electricity generation,

GENgO = 1990 generation of electricity,

S/T-MCUR9o = Total steam demand for 1990, and

GMT_AM = Steam demand coefficient.

Calculate total US electricity generation for the industry.

ELGEN_ -- e °tmzR x STEMCUR °sreau 01-65)

where:

F.LGENtota = Electricity generation from all prime movers,

GINTER = Intercept term for electricity generation,

STEMCUR = Total steam demand, and

GS/EAM = Steam demand coefficient.
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Calculate capacity.

ELCAP = ELGENto_t X 109 01-66)
GENUTIL x 3412.0 x 365.25 x 24.0

where:

ELCAP = Capacity for electricity generation,

ELGENtoto_ = Electricity generation from all prime movers,

GENUTIL = Capacity utilization for cogeneration,

3412.0 = Conversion factor, 3412.0 Btu per kilowatthour,

365.25 = Number of days per year,

24.0 = Number of hours per day, and

109 = Conversion factor to convert to megawatts.

Calculate intercept for own use generation.

OINTER = hi OWNgO(ELGENto_)_E_ 03-67)

where:

OINTER = Intercept for own use generation,

OWN90 = 1990 electricity generation for own use,

FY_GENtoua = Electricity generation from all prime movers, and

OGEN = Own use generation coefficient.
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Calculate electricity generated for own use.

OGEN
FLOWN = e °nvT"ERx ELGEN_o_ 011-68)

where:

ELOWN = Electricity generation for own use,

OINI_R = Intercept for own use generation,

_GENto_ = Electricity generation from all prime movers, and

OGEN = Own use generation coefficient.

Calculate electricity generated for sales.

ELSALE = ELGENtotaI - ELOWN (B-69)

where:

ELSALE = Electricity generation for sales to the grid,

F_GENto_ = Electricity generation from all prime movers, and

ELOWN = Electricity generation for own use.

Calculate electricity generation by prime mover.

ELGEN m = ELGENto_ x GENEQPSHR m (B-70)

where:

ELGENm = Electricity generation from prime mover m,

ELGEN_,,_ = Electricity generation from all prime movers, and
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GENEQPSHRm = Share of generation for prime mover m.

Electricity generation for own use (ELOWN), electricity generation for sales to the grid (ELSALE),
and capacity for electricity generation (ELCAP) are totaled across industries for each region. 9

/NDMAX

ELOTOTr= __, ELOWN,., forr=l,...,4. 03-71)
i=1

where:

FJ.OTOT, = Total industrial electricity generation for own use in Census
region r,

INDMAX = Number of industries, and

ELOWN = Electricity generation for own use.

/NDMAX

ELSTOTr= __, ELSALEr, i forr:l,...,4. (11-72)
iffil

where:

ELSTOTr = Total industrial electricity generation for sales to the grid
in Census region r,

INDMAX = Number of industries, and

ELSALE = Electricity generation for sales to the grid.
--

9Notice that the variables are shown as indexed. Although the variables for the totals are subscripted, the non-total

variables are not (they are shown that way as a convenience for this documentation). In the computer code, the

- individual values are computed for each industry and region combination and summed into the totals.
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INDMAX

ELCTOTr= E ELCAPr,, f Orr=l'''''4" m'73)
i=l

where:

ELCTOT, .- Capacity for industrial electricity generation in Census
region r,

INDMAX = Number of industries, and

ELCAP = Capacity for electricity generation.

CA/._TOT

Calculate fuel consumption from internal combustion engine and combustion turbine.

GENEQPHTRT_e (13-74)ICEFUEL = ELGEN_ce x 3412.0

where:

ICEFUEL = Fuel consumption for electricity generation from internal
combustion engines,

F].GEN_ = Electricity generation from internal combustion engines,

GENEQPHTRT_ = Heat ratefor internal combustion engines, and

3412.0 = Conversion factor to convert from kWh to Btu.

GENEQPHTRTa (13-75)
GCTFUEL = ELGEN a x 3412.0

where:
GCTTU_ = Fuel consumption for electricity generation from

combustion turbines,

EnergyInformationAdministration
NEMSIndustrialDemandModelDocumentationReport B-42



ELGENa = Electricity generation from combustion turbines,

GENEQPHTRTa = Heat rate for combustion turbines, and

3412.0 = Conversion factor to convert from kWh to Btu.

Calculate steamgeneratedfor internal combustion engines and combustion turbines.

ICESTEAM = (ICEFUEL - ELGENice) x GENEQPSTEFFic,, (13-76")

where:

ICESTEAM = Cogeneration of steam from internal combustion engines,

ICEFUEL = Fuel consumption for electricity generation from internal
combustion engines,

ELGEN_e = Electricity generation from internal combustion engines,
and

GENEQPSTEFF_ce = Efficiency for internal combustion engines.

GCTSTEAM = (GCTFUEL - ELGENct) x GENEQPSTEFF, 013-7"I)

where:

G67STEAM = Cogeneration of steam from combustion turbines,

GCTFUEL = Fuel consumption for electricity generation from
combustion turbines,

ELGENa = Electricity generation from combustion turbines, and

GENEQPSTEFF a = Efficiency for combustion turbines.
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Calculate the steam generated from boilers.

BOll,STEAM = STEMCUR - (ICESTEAM + GC_TF.AM) (B-78)

where:

BOILSTEAM = Steam generated fromboilers,

STEMCUR = Total steam demand,

ICES_.AM = Cogeneration of steam from internal combustion engines,
and

GCTSTEAM = Cogeneration of steam from combustion turbines.

Calculate the total fuel comamled for cogeneration by internal combustion engines, combustion
turbines, and steam turbines.

CGFUELcoa_ta_r = STFUELc_ (B-79)

where:

CGFUELco_.to,,a., = Consumption of coal for cogeneration of electricity for all
uses in Census region r, and

SIFUEL,_ = Cortsumption of coal in steam turbines.

CGFUELou#ta: = STFUELou + ICEFUEL CB-80)

where:

CGFUFJ.,oU.toua.,. = Consumption of distillate oil for cogeneration of electricity
for all uses in Census region r,

STFUELoi I = Consumption of distillate oil in steam turbines, and
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ICEFUEL = Fuel consumption for electricity generation from internal
combustion engines.

CGFUELns.to,,,tr = STFUELns + GCTFUEL (B-81)

where:

CGFUF.Lng.to_., = Consumption of natural gas for cogeneration of electricity
for all uses in Census region r,

STFUELn, = Consumption of natural gas in steam turbines, and

GCTFUEL = Fuel consumption for electricity generation from
combustion turbines.

CGFUELrenew_tat.r = STFUELbm + STBYP_ (B-.82)

where:

CGFUEL,_,_,_,, = Consumptionofrenewablesforcogenerationofelectricity
forallusesinCensusregionr,

S'/FUEL_ = Consumption of biomass in steam turbines, and

STBYP_. = Consumption of byproduct biomass in steam turbines.

Calculate the amount of fuel consumed for cogeneration for own use and sales to the grid.

CGFUELI,own.r = CGFUEL/_. r x ELOWN ] (B-83)
_ ELGENu,_J

where:

CGFUELI,ow_._ = Consumption of fuel f for cogeneration of electricity for
own use in Census region r,
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CGFUEL/.tota., = Consumption of fuel f for cogeneration of electricity for all
uses in Census region r,

ELOWN = Electricity generation for own use, and

ELGEN_ = Electricity generation from all prime movers.

CGFUELf, ta_, = CGFUELI#otat, - CGFUELI_, (B-84)

where:

CGFUELz,_,., = Consumption of fuel f for cogeneration of electricity for
, sales to the grid in Census region r,

CGFUEL/._., = Consumption of fuelf for cogeneration of electricity for all
uses in Census regionr, and

CGFUEL_N., = Consumption of fuel f for cogeneration of electricity for
own use in Census region r.

Calculate the total amount of fuel consumed for cogeneration for own use and sales to the grid.

4

CGFUEL_u_,u.r = _ CGFUELI,,,., for u=l,2and r=l,..,4. (I)..85)
t.1

where:

CGFUF_JLzota.,,.r = Consumption of all fuels for cogeneration of electricity for
use u in Census region r, and

CGFUEL/._., = Consumption of fuel f for cogeneration of electricity for
use u in Census region r.

Calculate the US total amount of fuel f consumed for cogeneration for own use and sales to the
grid.
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4

CGFUELf_#oua = _., CGFUELf,,. r for f= 1,...,4 and u =1,2. 0B-86)
r.l

where:

CGFUEL_,.to_ = Consumption of fuel f for cogeneration of electricity for
use u in all Census regions, and

CGFUFI._,., = Consumption of fuel f for cogeneration of electricity for
use u in Census region r.

Calculate the total industrial fuel consumption for cogeneration.

GENTOTf_,_ = _ CGFUEL/_,_ (B-87)
i=l

where:

GENTO_,., = Total consumption of fuel f for cogeneration of electricity
for use u in Census region r,

INDMAX = Number of industries, and

CGFUF.Lzu., : Consumption of fuel f for cogeneration of electricity for
use u in Census region r.

i
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FUELBOIL

AVGINT= _ B$$HRIxEN$INT f 0B-88)
f.t

where:I

AVGINT = Average intensity,

IFSMAX = Number of fuels consumed in the BSC component,

B$$HR: = Share of total fuel comnnnption in the BSC component for
fuel f, and

ENSINT/ = Intemity of fuel f in the BSC component.

Calculate steam generated by byproduct fuels for main, intermediate, and renewable fuels.

trse_u BYPB$CM/ + ws_t BYPB$CI/ wssfR BYPB$CRIBYPSTM = f-lE BY$INT I I-1 _ + BY$1NT/ 01-89)

where:

BYPSTM = Amount of steam generated from all byproduct fuels,

IFSBYPM = Number of byproduct main fuels,

BYPBSCMf = Byproduct consumption of main fuel f in the BSC
component,

BYSINTf = Intensity for byproduct fuel f consumed in the BSC
component,

IFSBYPI = Number of byproduct intermediate fuels,

BYPBSCI! = Byproduct consumption of intermediate fuel f in the BSC
component,
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IFSBYPR = Number of byproduct renewable fuels, and

BYPBSCR.f = Byproduct consumption of renewable fuel f in the BSC
component.

Calculate the amount of steam to be generated from purchased fuels.

STEMCURF = STEMCUR - BYPSTM (B-90)

where:

STEMCURF = Amount of steam to be generated from purchased fuels,

STEMCUR = Total steam demand, and

BYPSTM = Amount of steam generated from all byproduct fuels.

Calculate the total amount of fuel consumed to generate steam.

ENSQTYf - STEMCURF x AVGINT x B$SHR¢ 03-91)

where:

ENSQTYf = Consumption of fuel f to generate steam,

STEMCURF = Amount of steam to be generated from purchased fuels,

AVGINT = Average intensity, and

BSSHRf = Share of total fuel consumption in the BSC component for
fuel f.

ENSQTYy = ENSQTYf- ICEFUEL (B-92)
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where:

ENSQTY/ = Consumption of fuel f to generate steam, and

ICEFUEL = Fuel consumption for electricity generation from internal
combustion engines.

ENSQTY/= ENSQTYf- GCTFUEL (B-93)

where:

ENSQTY/ = Consumption of fuel f to generate steam, and

GCTTUEL = Fuel consumption for electricity generation from
combustion turbines.

Calculate the amount of fuel consumed in steam turbines.

[t_uax ENSQTY/ TY/] GENEQP RTa

STFUEL/ = --- 7F'iSrr x ELGENst x 3412.0 (B-94)
ENSQTY I + _ BYSQ

L .f.t /.l

where:

STFUEL/ = Consumption of fuel f in steam turbines,

ENSQIT/ = Consumption of fuel f to generate steam,

IFSMAX = Number of fuels consumed in the BSC component,

IFSBYP = Number of byproduct fuels consumed in the BSC
component,

BYSQTYf = Consumption of byproduct fuel f in the BSC component,
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ELGENst = Electricity generation from steam turbines,

GENEQPHTRTst = Heat rate for steam turbines, and

3412.0 = Conversion factor to convert from kilowatt hours to Btu.

BYSQTYf TYf ] GENEQPHTRTst

= x ELGEN_ x
STBYPf tFSMAX IFSmYI' 3412.0 (13-95)

ENSQTYf + _ BYSQ.f=l =

where:

STBYPf = Consumption of byproduct fuel f in steam turbines,

BYSQTYf = Consumption of byproduct fuel f in the BSC component,

IFSBYP = Number of byproduct fuels consumed in the BSC
component,

IFSMAX = Number of fuels consumed in the BSC component,

ENSQITf = Consumption of fuel f to generate steam,

FY.GEN,t = Electricity generation from steam turbines,

GENEQPHTRT, t = Heat rate for steam turbines, and

3412.0 = Conversion factor to convert from kilowatt hours to Btu.

ENSQT'Y/= ENSQTYf + ICEFUEL (13-96)

where:

ENSQTYf = Consumption of fuel f to generate steam, and
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ICEFUEL = Fuel consumption for electricity generation from internal
combustion engines.

ENSQTY/= ENSQTY/ + GCTFUEL 00-97)

where:

ENSQTYf = Consumption of fuel f to generate steam, and

GC/TUEL = Fuel consumption for electricity generation from
combustion turbines.

CALBSC

Calculate boiler fuel shares.

PRCXf_ _ss_/ PRCXns_ rssn_of

BSSHRI_G/x P_Oi] x PRC_.,] 00-98)
BSSHP,y = mxo,,,r'''°', r'''c',

x P_o.J x PR-6TiZ6L,j

where:

BSSHRf = Share of total fuel consumption in the BSC component for
fuel f,

BSSHRLAGf = Lagged boiler share for fuel f,

PRCXI, ,. = Price for fuel f in Census region r,

PRCXLAGf = Lagged price for fuel f,

BSSHREf = Own price elasticity for fuel f,
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BSSHRNG r = Cross price elasticity for natural gas with fuel f,

BSSHROILy = Cross price elasticity for oil with fuel f, and

BSSHRCLy = Cross price elasticity for coal with fuel f.

where:

BSSHR/ = Share of total fuel consumption in the BSC component for
fuel f, and

IFSMAX = Number of fuels consumed in the BSC component.

INDCGN

4

ELCTOTto_ : _, ELCTOT, (B-IO0)
r=l

where:

ELCTOTtot,a = Capacity for industrial electricity generation in all Census
regions, and

ELCTOT,. = Capacity for industrial electricity generation in Census
region r.
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4

zz_roT,..,=_ _toroL C_-1ol)
,"=1

where:

ELOTOTtot,a = Total industrial electricity generation for own use in all
Census regions, and

_OTOTr = Total industrial electricity generation for own use in Census
region r.

4

eLSrOr_ =}_eLsrOrr 0n-lo2)
r=|

where:

ELSTOTto_ = Total industrial electricity generation for sales to the grid
in all Census regions, and

ELSTOTr = Total industrial electricity generation for sales to the grid
in Census region r.

4

GENTOTf.,,.t,,_ = _ GENTOTf,..,. (B-103)
r=l

where:

GENTOTy,,,tot,_ = Total consumption of fuel f for cogeneration of electricity
for use u in all Census regions, and

GENTOTy,,,,, = Total consumption of fuel f for cogeneration of electricity
for use u in Census region r.
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For 1990 and 1991,

4

CAPREGr_,t_f_t,to_ = _ CAPREGr,y,t;to_ 03-104)
/=1

where:

CAPREG,.y,t./,,_.to_ = Existing or planned capacity for cogeneration of electricity
for all uses in Census region r using all fuels in year y, and

CAPREGr.yZ..to_ = Existing or planned capacity for cogeneration of electricity
for all uses in Census region r using fuel f in year y.

where:

CAPDd.y_own.t,t = Existing or planned capacity for cogeneration of electricity
for own use in Census division d using fuel f in year y,

ELOTOT,. = Total industrial electricity generation for own use in Census
region r,

ELSTOT,. = Total industrial electricity generation for sales to the grid
in Census region r,

- CAPREGr.yj.tot,,, = Existing or planned capacity for cogeneration of electricity
for all uses in Census region r using fuel f in year y, and

- DIVSHARE d = Electricity share for Census division d.

_ CaPDo_,,,,ou.,,,,,: [C,4PREG,.y,f,,,,_- CAPR_G,.y:.o,,,,,] x DWSHAREd (13-106)
_

_
_
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where"

CAPDd,y,f..s_,.,.pt = Existing or planned capacity for cogeneration of electricity
for sales to the grid in Census division d using fuel f in
year y,

CAPREGr.y,t:to_ = Existing or planned capacity for cogeneration of electricity
for all uses in Census region r using fuel f in year y,

CAPREGr.y,t:o_n = Existing or planned capacity for cogeneration of electricity
for own use in Census region r using fuel f in year y, and

DIVSHARE a = Electricity share for Census division d.

If 1992 through 1996,

CAPDd'.v'_t = CAPDe_-t/'_'t + ELOTOT r + ELSTOT,.] x CAPD1Vd,y,f,toua_1 011-107)

where:

CAPDd.y_n.pt = Existing or planned capacity for cogeneration of electricity
for own use in Census division d using fuel f in year y,

CAPDd.rl,f.own.t,t = Existing or planned capacity for cogeneration of electricity
for own use in Census division d using fuel f in year y-l,

_OTOT,. = Total industrial electricity generation for own use in Census
region r,

ELSTOTr = Total industrial electricity generation for sales to the grid
in Census region r, and

CAPDIVd.yj.total.pt = Planned capacity for electricity generation for all uses in
Census division d using fuel f in year y.
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CAPDd,y_les,pl = CAPDd,y_l,_at,.sj,t+ CAPDIVd_v/,to_,pt - CAPDIVd,y/,own_l (13-108)

where:

CAPDa.yj.sa_.pt = Existing or planned capacity for cogeneration of electricity
for sales to the grid in Census division d using fuel f in
year y,

CAPDd.y.1zso_.pt = Existing or planned capacity for cogeneration of electricity
for sales to the grid in Census division d using fuel f in
year y-l,

CAPDIV#.yj.to_.pt = Planned capacity for electricity generation for all uses in
Census division d using fuel f in year y, and

CAPDlVa,y_o_.pi = Planned capacity for electricity generation for own use in
Census division d using fuel f in year y.

Calculate fuel consumption for each census division.

DIVFUELa4_ = GENTOTy,u,r x DIVSHARE a (13-109)

where:

DIVFUFJ_dz,, = Consumption of fuel f for cogeneration of electricity for
use u in Census division d,

GENTOTy.,,., = Total com,.maptiot_of fuel f for cogeneration of electricity
for use Iz in Census region r, and

DIVSHARE d = Electricity share for Census division d.

4

DIFFUELd_o_, _ = _ DIVFUELdl,_ (13-110)
f=1
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where:

DIVFUF_Ld.to_,t.,, = Consumption of all fuels for cogeneration of electricity for
use u in Census division d, and

DIVFUELdz,, = Consumption of fuel f for cogeneration of electricity for
use u in Census division d.

9

DIVFUELtota_.u = _., DIVFUEL, tl,u (B-Ill)
d=l

where:

DP"FUELto_u = Consumption of fuel f for cogeneration of electricity for
use u in all Census divisions, and

DIVFUELd_,, = Consumption of fuel f for cogeneration of electricity for
use u in Census division d.

9

CAPDto_.y,to_.u,t,t= _ CAPDa..v.to_,u,eI (B-112)
d=l

where:

CAPDto_.y.tot,a.,,.pt = Existing or planned capacity for cogeneration of electricity
for use u in all Census divisions using all fuels in year y,
and

CAPDd.y.to_.,,.p_ = Existing or planned capacity for cogeneration of electricity
for use u in Census division d using all fuels in year y.
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Convert total generation to gigawatt hours and capacity to megawatts.
The following equation calculates electric generation for own use.

DIVFUELa, f,own 106

GENGWHa/.o_ = ELOTOT, x DIVSHARE a x UtVrU_,Z,"'_r"'''a,to_,o_ X 3412.0 (B-U3)

where:

GENGWHdJ.own = Cogeneration of electricity for own use using fuel f in
Census division d,

b_OTOT,. = Total industrial electricity generation for own use in Census
region r,

DIVSHARE d = Electricity share for Census division d,

DIVFUF_d,L, own = Consumption of fuel f for cogeneration of electricity for
own use in Census division d,

-

D1V'FUFI_d.to_.,,_, = Consumption of all fuels for cogeneration of electricity for
" own use in Census division d, and

-_ 106/3412.0 = Conversion factor to convert trillion Btu to megawatts.

[ DIFFUELds, sa_ 106 (B-I14)
GENGWHd$,sates= ELSTOT r x DIVSHARE d x [D_ x 3412.0

where:

GENGWHd,t:.s,_ = Cogeneration of electricity for sales to the grid using fuel
f in Census division d,

- ELSTOTr = Total industrial electricity generation for sales to the grid
in Census region r,

- Energy Information Administration
NEMS Industrial Demand Model Documentation Report B-59



DIVSHAREd = Electricityshare for Censusdivision d,

DIVFUELd_,a_ = Consumption of fuel f for cogeneration of electricity for
sales to the grid in Census division d,

DIVFUELd.tot,,,.sa,., = Consumptionof all fuels for cogenerationof electricity for
sales to the grid in Census division d, and

106/3412.0 = Conversionfactor to convert trillion Btu to megawatts.

ELOTOT,] [ D/VTUEL,U_ (B.115)CAPGW, o..o,_ l = ELCTOT, x ELOTOT, + £LSIOT, x DIFSHARE d x DIVFUEJ"_mt.o_

where:

CAPGWa_o,,,,.pt = Existingor plannedcapacityfor cogenerationof electricity
for own use using fuel f in Censusdivision d,

ELCTOTr = Capacity for industrial electricity generation in Census
region r.

ELOTOT, = Total industrialelectricity generationfor own use in Census
region r,

ELSTOTr = Total industrialelectricity generation for sales to the grid
in Census region r,

DIVSHA.I_ d = Electricity share for Census division d,

DIVFU_d_own = Consumption of fuel f for cogeneration of electricity for
own use in Census division d, and

DIVFUELa.toua.own = Consumptionof all fuels for cogeneration of electricity for
own use in Census division d.

CAPGW_'_°_'_ = TOTr [ELO_, "_"E"LSTOT;_x DIVSHAREd x DIVFUEL_o_t,_t_J
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where:

CAPGWdj.sa_.pI = Existing or planned capacity for cogeneration of electricity
for sales to the grid using fuel f in Census division d,

F.LCTOT, = Capacity for industrial electricity generation in Census
region r,

ELOTOT_ = Total industrial electricity generation for own use in Census
region r,

ELSTOTr = Total industrial electricity generation for sales to the grid
in Census region r,

DIVSHARE d = Electricity share for Census division d,

D_U_J.dJsa _ --"-- Consumption of fuel f for cogeneration of electricity for
sales to the grid in Census division d, and

DIVFUELd.to_.,_ = Consumption of all fuels for cogeneration of electricity for
sales to the grid in Census division d.

For 1990 through 1996,

CAPGWd,f_,vt = CAPD d..v/.u,vt (B-117)

where:

CAPGWdj, u.pt = Existing or planned capacity for cogeneration of electricity
for use u using fuel f in Census division d, and

CAPDd.y_u.pt = Existing or planned capacity for cogeneration of electricity
for use u in Census division d using fuel f in year y.

After 1996, if CAPGWd_u.pt > CAPGWLAGd,L.u.pl,then
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CAPGWd_._ i = CAPDd_.t/_t + [CAPGW_#t - CAPGWLAGd/_,j,II 0B-118)

where:

CAPGWdj, u,p_ = Planned capacity for eogeneration of electricity for use u
using fuel f in Census division d,

CAPDd,y.1j,.,pt = Existing or planned capacity for eogenvration of electricity
for use u in Census division d using fuel f in year y-l,

CAP_d,f,u,pt = Planned capacity for cogeneration of electricity for use u
using fuel f in Census division d, and

CAPGWLAGd, t;u,pt = Lagged planned capacity for cogeneration of electricity for
use u using fuel f in Census division d.

Otherwise,

CAPG W_f_I = CAPD__1/_ l (B-119)

where:

CAPGWd,t.u.pt = Planned capacity _'",,,. cogeneration of electricity for use u
using fuel f in Census division d. and

CAPDd.rI,:,,.,,,t = Existing or planned capacity for eogeneration of electricity
for use u in Census division d using fuel f in year y-1.

9

GENGWttto_f# = _ GENGWHd¢_ (11-120)
d=l

where:

GENGWH, oua,t:.,, = Cogeneration of electricity for use u using fuel f in all
Census divisions, and
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GENGWHd_ u - Cogeneration of electricity for use u using fuelf in Census
division d,

9

d.l

where:

CAPGWto_j.,,.,_., = Plann_ or unplanned capacity for cogeneration of
electricityfor use u using fuelf in all Censusdivisions, and

CAPGWd_,,._=, = Planned or unplanned capacity for cogeneration of
electricityfor use u using fuel f in Census division d.
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OTHER INDUSTRIAL MODEL EQUATIONS

IND

For the non-manufacturing industries, calculate value of output.

MC_NMFGO,_ (B-122)
OUTIND _ = 103

where:

O UTIND_.d = Gross value of output for industry i in Census division d,

MC_NMFGOd.i.y = Gross value of output for non-manufacturing industry i in
Census division d in year y, and

103 = Conversion factor to convert million $1987 to billion
$1987.

For the manufacturing industries, calculate va' ,':tput.

z_C-MFGOdj,Y (B-123)OUTIND_,_ = lO3

where:

OUTINDi. d = Gross value of output for industry i in Census division d,

MC_MFGOa.i.y = Gross value of output for manufacturing industry i in
Census division d in year y, and

103 = Conversion factor to convert million $1987 to billion
$1987.
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If the year is 1990, regional prices are calculated by the following for electricity, similarly for the other
fuels.

NUMr

___ DPRCXelec,dx QSELINa,199o
d--_ (B-124)PRCX_,_ - NUMr

QSELINd,199o
d=l

where:

PRCXet_.,. = Price of electricity in Census region r,

NUMr = Number of Census divisions in Census region r,

DPRC"X,_.d = Price of electricity in Census division d, and

QSELINd.199o = SEDS consumption of electricity in Census division d in
1990.

If the year is after 1990, regional prices are calculated by the following for electricity, similarly for
other fuels.

NUMr

___ DPRCXetec,dx QELINd,y_1
d--1 (B-125)PRCX, lec,r= NUMr

__, QELINa,y-I
d=l

where:

PRCXetec,r = Price of electricity in Census region r,

NUMr = Number of Census divisions in Census region r,

DPRCXe_c.d = Price of electricity in Census division d, and
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QELINd,y.I = Industrial consumption of electricity in Census division d
in year y-1.

REXOG

Aggregate value of output to the regional level:

NUM r

PRODVXo. = ___ OUTINDi,a (B-126)
dffil

where:

PRODVX_,,. = Value of output in dollar units for industry i in Census
region r,

NUM, = Number of Census divisions in Census legion r, and

OUT/ND_.d = Gross value of output for industry i in Census division d.

Aggregate employment values to the regional level:

NUM r

EMPLXi,r = _.,EMPINDid 03-127)
dll

where:

EMPLXi. , = Employment for industry i in Census region r,

NUM, = Number of Census divisions in Census region r, and

EMPINDi. d = Employment for industry i in Census division d.
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EMPLXi,, = EMPLXt,,x 103 01]-128)

where:

EMPLXi. ,, = Employment for industry i in Census region r, and

103 = Conversion factor to convert from millions to thousands.

CALBYPROD

Calculate the current TPC for byproducts for old and new vintage. Currently, only the paper
and allied products industry has a TPC for byproducts. For all other industries, the UEC
remains unchanged.

PRODC URn.,a.srrrcsc./.
BYPCSCCURv.:.= _] (B-129)

where:

BYPCSCCUR,,:, = Current energy savings for byproduct fuel f at process step
s for vintage v,

PRODCURto_., = Production at process step s for all vintages,

PRODLAGtot,_., = Lagged production at process step s for all vintages, and

-- BYPCSCv:, = Byproduct technology possibility curve coefficient for
byproduct fuel f at process step s for vintage v.
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Calculate the TPC for middle vintage.

(PRODCURn..w,s x BYPCSCCUR,_,w/.s) + (PRODCURm_.s x BYPCSCLAGm_I, _ (B-130)
BYPCSCCURm_,s =

PRODCUR,_.w,s + PRODCUR._,_

where:

BYPCSCCUR_j., = Current energy savings for byproduct fuel f at process step
s for mid vintage,

PRODCUR,,_,,., = New production at process step s for new vintage,

BYPCSCCUR_,t. , = Current energy savings for byproduct fuel f at process step
s for new vintage,

PRODCUR,,ad., = Existing production at process step s for mid vintage, and

BYPCSCLAG,,ad_, = Lagged energy savings for byproduct fuel f at process step
s for middle vintage.

Calculate the rate of byproduct energy produced.

BYPINTv/,s = BYPINTLAGv,t,s x BYPCSCCUR,,/. s (B-131)

where:

BYPINTv,t:s = Rate of byproduct energy production for byproduct fuel f
at process step s for vintage v,

B YPINILAGvj.s = Lagged rate of byproduct energy production for byproduct
fuel f at process step s for vintage v, and

BYPCSCCURv, t:., ' = Current energy savings for byproduct fuelf at process step
s for vintage v.
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Calculate byproduct energy production.

BYPQTYv,r,s - PRODCUR,,,s x BYPINTv,e.s 0B-132)

where:

B?tT_Q_'rY,,j.s = Byproduct energy production for byproduct fuel f at
process step s for vintage v,

PRODCUR,,.s = Production at process step s for vintage v, and

BYPINT,,j., = Rate of byproduct energy production for byproduct fuel f
at process step s for vintage v.

2

BYPQTYto_/,_ = _., BYPQTY_/,_ (B-133)

where:

B YPQTYto_j.s = Byproduct energy production for byproduct fuel f at
process step s for all vintages, and

BYPQTY,,_s = Byproduct energy production for byproduct fuel f at
process step s for vintage v.

BYPQTy_f,s = BYPQTY"/,s 0B-134)lo6

where:

BYPQTYv_ = Byproduct energy production for byproduct fuel f at
process step s for vintage v, and

106 = Conversion factor to convert to trillion Btu.
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IFB_T_

BYPQTY_o_ = _ BYPQTY_,f,_ (B-135)
/--z

where:

BYPQTY,,,tot,,I., = Byproduct energy production for all byproduct fuels at
process step s for vintage v,

IFBYPs = Number of byproducts consumed at process step s, and

BYPQTY,,.z.s = Byproduct energy production for byproduct fuel f at
process step s for vintage v.

Calculate byproduct energy production for main, intermediate, and. renewable fuels.

MPASTP

ENBYPMy,v = _ BYPQTyv_f_ (B-136)
$=1

where:

ENBYPM.c.v = Byproduct energy production for main byproduct fuel f for
vintage v,

MPASTP = Number of process steps, and

BYPQTI_j.s = Byproduct energy production for byproduct fuel f at
process step s for vintage v.

MPASTP

ENBYPI_,, = __, BYPQTYv.f,_ (B-137)
$=1

where:

ENBYPIz_, = Byproduct energy production for intermediate byproduct
fuel f for vintage v,
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MPASTP = Number of process steps, and

BYPQTY,,j;s = Byproduct energy production for byproduct fuel f at
process step s for vintage v.

MPA$17'

ENBYPR/,_ = _., BYPQTY_/,_ (B-138)
$ffil

where:

ENBYP_v = Byproduct energy production for renewable byproduct fuel
f for vintage v,

MPASTP = Number of process steps, and

BYPQTY,,_s = Byproduct energy production for byproduct fuel f at
process step s for vintage v.

INDTOTAL

Calculate total consumption of electricity.

QTYMAIN,_c, r = ENPMQTYe_ c + ENBQTYtot_c - ELOWN (E,-139)

where:

QTYMAIN_c.r = Consumption of purchased electricity in Census region r,

ENPMQTYox = Consumption of electricity in the PA component,

ENBQTY, z,.,: = Consumption of electricity for all building end uses, and

ELOWN = Electricity generated for own use.
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QTYMAINng,_ = ENPMQTY_g + ENBQTYto_,_s + ENSQTYng (B-140)

where:

QTYMAIN,,g.r = Consumption of natural gas in Census region r,

ENPMQTY,,g = Consumption of natural gas in the PA component,

ENBQTYtoua.,,g = Consumption of natural gas for all building end uses, and

ENSQTY,,g = Consumption of natural gas to generate steam.

For all other main fuels,

QTYMAINf, = ENPMQTYf + ENSQTYf + BYPBSCMf (B-141)

where:

QTYMAINf.r = Consumption of all other main fuels f in Census region r,

ENPMQTYf = Consumption of all other main fuels f in the PA
component,

ENSQTYf = Consumption of all other main fuels f to generate steam,
and

BYPBSCMf = Byproduct consumption of main fuel f from the BSC
component.

QTYINTRst,.am,r = ENPIQTY_am + ENBQTYtotat,suam 03-142)
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where:

QTYINTRstenm. r = Consumption of steam in Census region r,

ENPIQTYst,am = Consumption of steam in the PA component,

ENBQTYtotat.ng = Consumption of steam for all building end uses,

For all other intermediate fuels,

QTYINTR/_= ENPIQTY/ + ENSQTY/ 03-143)

where:

QTY/NTR:., = Consumption of all other intermediate fuels f in Census
region r,

ENPIQITf = Consumption of all other intermediate fuels f in the PA
component, and

ENSQTYf = Consumption of all other intermediate fuels f to generate
steam.

QTYRENW'/.,. = ENPRQTYf + ENSQTYf + BYPBSCR 7 (B-144)

where:

QTYRENWf, r = Consumption of renewable fuel f in Census region r,

_ ENPRQTYf = Consumption of renewable fuel f in the PA component,

ENSQTYf = Consumption of renewable fuel f to generate steam, and

BYPBSCR: = Byproduct consumption of renewable fuel f in the BSC
component.
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22

QTYMAINto_O. = _ QTYMAIN::. 03-145)
l.t

where:

QTYgAINtotat, r - Consumption of all main fuels in Census region r, and

QTYMA/Nf.r = Consumption of main fuel f in Census region r.

6

QTY/NTR_ta¢ = E Q/Y/N_, (B-146)
/=!

where:

O.TYINTRtota.r = Consumption of all intermediate fuels in Census region r,
and

QTYI_r = Consumption of intermediate fuel f in Census region r.

9

/=1

where:

QTYRENWIou_.r = Consumption of all renewable fuels in Census region r, and

t2TYRENWf,, = Consumptionof renewable fuel f in Census region r.

NATTOTAL
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I I

4

QTYMAIN/,_ -- _ QTYMAIN/,r (11-148)
r,,1

where:

QTYMAINpo_ = Consumptionof main fuel f in all Census regions, and

QTYMA/Nf., = Consumptionof main fuel f in Census region r.

4

QTY/NTRf_o,a - _ QTY/NTR/, (B-149)
rml

where:

QTY/N/Ry.to_ - Consumption of intermediate fuel f in all Cereus regions,
and

QITINTRz.r - Consumption of intermediate fuel f in Census region r.

4

QTYRENWf_oua = _ QTYRENWf, (B-150)
r=l

where:

- QTYRENWf.tota = Consumption of renewable fuelf in all Census regions, and

QTYRENWf., = Consumption of renewable fuel f in Census region r.
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Calculate total industrial comumption.

INDMAX

TQMAIN/_ = __, QTYMAINt# for f-i,...,4 and r=1,..,4. (B-151)
l=l

where:

TQMAINf. r = Total consumption of main fuel f in Census region r,

INDMAX = Number ofindustries, and

QTYMAINtd.r = Total consumption of main fuel f in Census region r in
industry i.

/NDMAX

TQINTRy_,= _ QTlqNTPh# for f=l,...,4 and r=l,...,4. (B-152)
l=l

where:

TQINTR:, = Total consumption of intermediate fuel f in Census region
r,

INDMAX = Number of industries, and

QTHNTRij,, = Total consumption of intermediate fuel f in Census region
r in industry i.

INDMAX

TQRENW/., = _ QTYRENWi# for f=l,...,4 and r=l,...,4. 03-153)
i=1

where:

TQRENWI. , = Total consumption of renewable fuel f in Census region r,

INDMAX = Number of industries, and
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QTYRENW_:, = Total consumption of renewable fuel f in Census region r
in industry i.

INDEMISS

Calculate emissions.

(B-xs4)
EMIRENW/,t,.r = QTYRENW# x UNCONTEMI$$FA CT/_, x EMI$SCONTROLFA CAv

where:

EMIRE_:p.,. = Emissions of pollutant p from renewable fuel f in
Census region r,

QTYRENWf., = Consumption of renewable fuel f in Census region
r,

UNCONTEMISSFACT/p = Uncontrolled emission factor for pollutant p using
fuel f, and

EMISSCONTROLFAC/.p = Emissions control factor for pollutant p using fuel
f.

For emissions of SOx use the following equation.

_ E$.:IRENWf,..,x,,.= EMIRENWf_,. x SULFURCONTf _-155)

where:

EMIRENWf.,_., =- Emissions of SOx from renewable fuel f in Census region
- r, and

SULFURCONTf = Sulfur content offuel f.

Energy Information Administration
NEMS Industrial Demand Model Documentation Report B-77







4

EMIRENWfi,,total = E EMIRF'NWfi,,r (B-156)
r=l

where:

EMIRENWI.p.to_ = Emissions of pollutant p from renewable fuel f in all
Census regions, and

EMIRENWzp.r = Emissions of pollutant p from renewable fuel f in Census
region r.

8

zuIe,ENW, - E EMW, 03-1S7)
t'-I

where:

EM/RENWto_p., = Emissions of pollutantp from all renewable fuels in Census
region r, and

EMIRENWzp., = Emissions of pollutant p from renewable fuel f in Census
region r.

8

TOTEMISr,_,_, r = ___EMIRE_,_. 03-158)
f.1

where:

TOTEl_lSrenw,p,r = Totalemissionsofpollutantp fromrenewablesinCensus
regionr,and

EMIRENWf.p. r = Emissions of pollutant p from renewable fuel f in Census
region r.
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Calculate emissions for total industrial sector.

INDMAX

TEMISR/_,r -- __, EMIRENW_j_,_ for f=l,...,4, p=l,...,8, and r--i,...4. 00-159)
i=l

where:

TEMISR/.p,r = Total emissions of pollutant p for renewable fuel f in
Census region r,

INDMAX = Number of industries, and

EMIRENWij, p,, = Emissions of pollutant p from renewable fuel f in Census
region r in industry i.

CONTAB

Calculate consumption for heat and power.

/NDMAX

TMANHPy = _ QTYMAINf, i for f=I,...,NUM/, 8 00-160)
i=7

where:

TMANHPf = Total manufacturing consumption of fuel f for heat and
power,

INDMAX = Number of industries,
-

NUMfg ' = Number of fuels in fuel group fg, and

QTYMAINf. i = Total consumption of main fuel f in all Census regions for
industry i.
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INDMAX 8

TM"4_lHPr.nw = E E QTYRENWDo_t (B-161)
i=7 fffil

where:

TMANHPr_ -- Total manufacturing consumption of renewables for heat
and power,

INDMAX = Number of industries, and

QTYRE_i = Consumption of renewable fuel f in all Census regions for
industry i.

9

TREFCONet,c = _ QELRFd,y 0B-162)
d=1

where:

TREFCON,.t,.,: = Total consumption of electricity from the petroleum
refining industry, and

QELRFd, y -- Electricity consumed by petroleum refining industry for
Census division d in year y.

Similarly for the other fuels.

6

TNONHPf = _ QTYMAIN/,_,forF= I,...,NUM_,g (13-163)
i=I

where:

TNONHPf -_ Total non-manufacturing consumption of main fuel f for
heat and power,

NUMfg -- Number of fuels in fuel group fg, and
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QTYMA[Nf. i = Consumption of main fuel f in all Census regions for non-
manufacturing industry i.

Calculate consumption for miscellaneous feedstocks.

INDMAX

TMISCFD/ = _., QTYMAIN/,, for f=I,...,NUM/g (B-164)
i=1

where:

TMISCFDf = Total consttmption of miscellaneous and feedstock fuel f,

INDMAX = Number of industries,

NUMfg = Number of fuels in fuel group fg, and

QTYMA/N/i = Total consumption of main fuelf for all Census regions for
industry i.

Calculate consumption for the food and kindred products industry.

NUM_

TFOODCONy = _ QTYMAINf,toua (B-165)
f--1

where:

TFOODCONf = Total consumption of fuel f by the food and kindred
products industry,

NUMj,g = Number of fuels in fuel group fg, and

QTYMA/N/.wua = Consumption of main fuel f for all Census regions.
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8

TFOODCONr_n.' = _ OTYRENWf, toua (B- I (_
l=l

where"

TFOODCONr,.w -- Total comuraption of renewables by the food and kindred
products industry, and

QITRENW:tot,a = Consumption of renewable fuel f for all Ceasus regions.

Calculate consumption for the paper and allied products industry:

TPAPERCONf = __, QTYMAINf_ud 013-167)
f.q

where:

TPAPERCONf = Total consumption of fuel f by the paper and allied
products industry,

NUMfg = Number of fuels in fuel group fg, and

QTYMA/N:to_ = Consumption of main fuel f for all Census regions.

8

TPAPERCONrenw = _ QTYRENWf, to_ (B-168)
/,,1

where:

TPAPERCON,.,,,w = Total consumption of renewables by the paper and allied
products industry, and

QTYRENW:_,tat = Consumption of renewable fuel f for all Census regions.
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Calculate consumption for the bulk chemical industry:

NUM/s

TCHEMCONf = _ QTYMAINf,,o_ (B-169)
f=1

where:

TCHEMCON/ = Total consumption of fuelfby the bulk chemical industry,

NUM/g = Number of fuels in fuel group fg, and

QTYMA/N/.to_ = Consumption of main fuel f for all Census regions.

$

TCHEMCON,,n_ = _, QTYRENW/mt a (B-170)
y=l

where:

TCHEMCON, o,,, = Total consumption of renewables by the bulk chemical
industry, and

QTYRENW/.toua = Consumption of renewable fuel f for all Census regions.

Calculate consumption for the glass and glass products industry:

NUM_

TGLASSCONI = __, QTYMAINfmua (B-171)
f=t

=

where:

TGLASSCON/ = Total consumption of fuel f by the glass and glass products
industry,
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NUMyg = Number of fuels in fuel group fg, and

QTYMAI_totn _ = Consumption of main fuel f for all Census regions.

8

TGLASSCON,.enw = _ QTYRENWf, to_ (13-172)
f=l

where:

TGLASSCON,_ w = Total comumption of renewables by the glass and glass
products industry, and

QTYRENWf, toua = Consumption of renewable fuel f for all Census regions.

Calculate consumption foi the hydraulic cement industry:

NUMIs

TCEMENTCONf : __. QITMAIN/,to _ (B-173)
#1

where:

TCEMENTCONf = Total consumption of fuel f by the hydraulic cement
industry,

NUM/g = Number of fuels in fuel group fg, and

QTYMAIN/toua = Consumption of main fuel f for all Census regions.

8

TCEMENTCONr,_ = _ Q_NW#,,tal (31]-174)
f-I
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where:

TCEMENTCONre,,w = Total consumption of renewables by the hydraulic cement
industry, and

QTYRENW/.totat = Consumption of renewable fuel f for all Census regions.

Calculate consumption for the blast furnace and basic steel products industry:

NUM/s

TSTEELCON/ = _., QTYMAINf, t,,tat (B-175)
f--1

where:

TSTEELCONf = Total consumption of fuel f by the blast furnace and basic
steel products industry,

NUMfg = Number of fuels in fuel group fg, and

QTYMA/N:toua = Comttmption of main fuel f for all Census regions.

$

TSTEELCON,.,,_ = _ QTYRENWf_ (B-176)
- pl

where:

TSTEFLCON,.,.,,w = Total consumption of renewables by the blast furnace and
basic steel products industry, and

QTYRENW/taa = Consumption of renewable fuel f for all Census regions.

- Calculate consumption for the primary aluminum industry:
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NUM_

TALUMCONf = _ QTYMAIN/,totaI (B-177)
fffil

where:

TALUMCONf = Total consumption of fuel f by the primary aluminum
industry,

NUMfg = Number of fuels in fuel group fg, and

QTYMA/Ny.tot_ = Consumption of main fuel f for all Census regions.

$

TALUMCON,,. = _ QTYRENW/,t,na (B-178)
1-1

where:

TALUMCONr,,,,,, = Total consumption of renewables by the primary aluminum
industry, and

QTYRENWf._a = Consumption of renewable fuel f for all Census regions.

WEXOG

Calculate shares to share from Census regions to divisions:

QSELlNd,199o
FUELSHAREet,,c,d = m/M, (B-179)

QSEUNd,199o
dffil
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where:

FUELSHARE, uc.d = Share of consumption for electricity in Census division d,

QSELINa.I_:o = SEDS consumption of electricity in Census division d in
1990, and

NUM, = Number of Census divisions in Census region r.

Similarly for the other fuels.

OUTIND,3A + OUTINDII_

DSRENW/,a = mIM, (B-180)

__,(OUTINDI3a + OUTINDIt,a)
dffil

where:

DSRENWy, d - Share of output for renewable fuel f in Census division d,

OUTINDIs.d = Gross value of output for the paper and allied products
industry in Census division d,

OUTINDn. d = Gross value of output for the lumber and wood products
industry in Census division d, and

NUM, = Number of Census divisions in Census region r.
-

DQMAIN/_ = TQMAIN/: x FUELSHARE/_ (B-181)

where:

DQMAIN/. d = Consumption of main fuel f in Census division d,

TQMAIN:.,, = Total consumption of main fuel f in Census region r, and
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FUELSHAR_f, d --- Share of consumption of fuel f in Census division d.

where:

DQRENWf, d = Consumption of renewable fuel f in Census division d,

TQRENWI.r = Total consumption of renewable fuel f in Census region r,
and

DSRENWI.a = Share of output for renewable fuel f in Census division d.

Calculate consumption values to benchmark:

BMAIN, ucd = DQMAINa, c,a + QELRF_ (13-183)

where:

BM.AINaec,d = Constmaption of electricity in Census division d,

DQMAIN_. d = Consumption of electricity in Census division d, and

QELRFd.y = Electricity consumed by petroleum refuting industry in
Census division d in year y.

_=_ 2
BMAIN,,g.a = DQMAIN/d + QNGRF_ + _ CGOGQda_g _ (11-184)

3 u=l

where:

BMAINn_.d = Consumption of natural gas in Census division d,

DQMAINI. d = Consumption of natural gas fuel f in Census division d,
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QNGRFd.y - Naturalgasconsumed by petroleumrefiningindustryin
Censusdivisiond inyeary,and

CGOC_a.y.,g., = Consumption of natural gas from cogenerationof electricity
foruseu inenhancedoilrecoveryinCensusdivisiond in
year y.

2

BMAINc_, a : DQMAINc_ + QCLRF_ + COPRCI.,Q_ + COPRCI.,G_ + _ CGOGQa_,c_a_ (B-18_
R=|

where:

BMAINcoat,d -- Consumption of coal in Census division d,

DQMAIN, x,a.d - Consumption of coal in Census division d,

QCLRFd.y = Coal consumed by petroleum refining industry in Census
division d in year y,

COPRCLQd,y = Supply of coal liquids in Census division d in year y,

COPRCLGd.y = Supply of coal gases in Census division d in year y, and

CGOGQ_y.,_z _ = Consumption of coal from cogeneration of electricity for
use u in enhanced oil recovery in Census division d in year
y.

For metallurgical coal, net coke imports, motor gasoline, asphalt and road oil, petrochemical feedstocks,
and kerosene use the following equation.

BMAIN/,a = DQMAIN/,a 0B-186)

where:

= BMA[N/.d = Consumption of fuel f in Census division d, and

DQMAIN/, d = Consumption of fuel f in Census division d,
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2

BMAIN,.,.s,d= DQMAINr_,d + QRLRFd,y+__, CGOGQd,.v,r,.s,, (B-187)
U=l

where:

BMAINres,d = Consumption of residual fuel in Census division d,

DQMAINr_.d = Consumption of residual fuel in Census division d,

QRLRFd.y = Residual fuel consumed by petroleum refining industry in
Census division d in year y, and

CGOGQd.y.,,,., = Consumption of residual fuel from eogeneration of
electricity for use u in enhanced oil recovery in Census
division d in year y.

BMAINd_,d = DQMAINd_,d + QDSRFd,y (B-188)

where:

BMAINd_,d = Consttmption of distillate in Census division d,

DQMAIN_.d = Consumption of distillate in Census division d, and

QDSRFd.y = Distillate fuel consumed by petroleum refining industry in
Census division d in year y.

=[_ DQMAINf_I + QLGRF_ (B-189)BMAINtt_'d If-t2

where:

BMAIN_,_.,t = Consumption of liquid petroleum gas in Census division d,
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DQMAIN/. d = Consumption of liquid petroleum gas fuel f in Census
division d, and

QLGRFa,y = Liquid petroleum gas consumed by petroleum ref'ming
industry in Census division d in year y.

BMAINsg_ = DQMAINsg,d + QSGRFd,y 0B-190)

where:

BMAINsg.d - Consumption of still gas in Census division d,

DQMAINsg.d = Consumption of still gas in Census division d, and

QSGRFd, y - Stillgas consumed by petroleumrefiningindustryin
Censusdivisiond inyeary.

BMAINpc,d = DQMAINpc,d+ QPCRFd,y 03-191)

where:

BMAINpc, d --- Consumption of petroleum coke in Census division d,

DQMAINpc, d -- Consumption of petroleum coke in Census division d, and

QPCRFd, y = Petroleum coke consumed by petroleum refuting industry
in Census division d in year y.

BMAINp, t = DQMA1Nt_t + [ _._.DQMAINf_t] + QOTRFa_v (15-192)

Energy Information Administration
NEMS Industrial Demand Model Documentation Report B-91



where:

BMAINp_.d = Consumption of other petroleum in Census division d,

DQMAIN_e._ = Consumption of lubes and waxes in Census division d,

DQMAIN/. d = Consumption of other petroleum fuel f in Census division
d, and

QOTRFd.y = Other petroleum consumed by petroleum ref'ming industry
in Census division d in year y.

Calculate consumption for other industrial:

MSeDy_X_BENCHFACf, a1 0B-193)
OTHIND.f,d= BMAINf,d x -- _ ] - BMAIN/,d

where"

OTH/NDzd = Consumption of fuel f for "other industry" in Census
division d,

BMAIN/.d = Consumption of fuel f in Census division d,

MSEDYR = Index of SEDS years, and

BENCHFAC:d = Benchmark factor for fuel f in Census division d.
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Calculate benchmarked consumption values:

QELINd,y = BMAINeue,d + OTHIND,.uc,d (t1-194)

where:

QELINa.y = Industrial consumption of electricity in Census division d
in year y,

BMA[Netec,d = Consumption of electricity in Census division d, and

OTH[NDo.c.d = Consumption of electricity for "other industry" in Census
division d.

Similarly for the other fuels:

QGFINa,y = [BMAINns_ + OTHINDns,d] x 'DQMAIN_ns_+-"DQMAINfas'd] 01-195)
BMAINnsd ]

where:

QGFINd.y = Industrial consumption of core natural gas in Census
division d in year y,

BMAINng.d = Consumption of natural gas in Census division d,

OTHINDng,d = Consumption of natural gas for "other industry" in Census
division d,

-

DQMAIN,,,.,,g.a = Consumption of core natural gas in Census division d, and

DQMAINId,.d = Consumption of feedstock natural gas in Census division d.
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QGIINd a = (BMAINng_ + OTHINDnsd) - QGFINda 03-196)

where:

QGIINd.y = Industrial consumption of non-core natural gas in Census
division d in year y,

BMAIN,,8.d = Consumption of natural gas in Census division d,

oTn!NDng, d = Consumption of natural gas for "other industry" in Census
division d, and

QGFINd.y = Industrial consumption of core natural gas in Census
division d in year y.

15

QTPINy= BMmN/ + OTHINOf (Bd97)
f=6

where:

QTPINd.y = Consumption of total petroleum in Census division d in
year y,

BMAINy.d = Consumption of fuel f in Census division d, and

OTHIND.f,, d - Consumption of fuel f for "other industry" in Census
division d.

QHOINd,y = DQRENWhy_o_I ('B-198)

where:

QHOINs.y = Industrial comumption of hydropower in Cereus division
d in year y, and

DQRENWhydro.d = Consumption of hydropower in Census division d.

Similarly for other renewables.
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For biomass use the following equation:

QBMINa.y= _=_ DQRENW/d] + Iu--_CGOGQd°"b""+QBMRFa'y (B-199)

where:

QBMINd.y = Industrial consumption of biomass in Census division d in
year y,

DQRENW:a = Consumption of renewable fuel f in Census division d,

CGOGQd.y.b,,,.,, -- Consumption of biomass from cogeneration of electricity
for use u in enhanced oil recovery in Census division d in
year y, and

QBMRFa.y = Biomass consumed by petroleum refining industry in
Census division d in year y.

QTRINd,y = QHOINd,.v+ QBMINd,y + QGEIN_ + QSTINa,r + QPVINd,y + QWIINa,y + QM$1Nd,y (][3-200)

where:

QTRINa.y = Consumption of total renewables in Census division d in
year y,

_. QHOINa.y = Consumption of hydropower in Census division d in year
Y,

QBMINd.y = Consumption of biomass in Census division d in year y,

QGEINa.y = Consumption of geothermal in Census division d in year y,

QSTINd.y = Consumption of solar thermal in Census division d in year
--

y,

Energy Information Administration
NEMS Industrial Demand Model Documentation Report B-95



QPVINd.y "- Consumption of photovoltaic in Census division d in year
Y,

QWIINd,y = Consumption of wind in Census division d in year y, and

QMSINd.y = Consumption of municipal solid waste in Census division
d in year y.

Calculate NEMS cogeneration variables:

CGINDCAP_,t.,u,pt : CAPGWal,u.pt + CGRECAPa,y,t,,,,_:+ CGOGCAP_/.,,,pt (B-201)

where:

CGINDCAPd.y_,,,p_ = Industrial planned capacity for cogeneration for use u using
fuel f ill Census division d in year y,

CAPGWd_,,.pt = Planned capacity for eogeneration of electricity for use u
using fuel f in Census division d,

CGRECAPd.yj, u.pt = Refmery planned capacity for cogeneration for use u using
fuel f in Census division d in year y.

CCOGCAPd.y_,,.pt = Oil and gas planned capacity for cogeneration for use u
using fuel fin Census division d in year y.

CGINDGENd, y/_u = GENGWHa/_, + CGREGENd_/,u + CGOGGENd, yl,u (B-202)

where:

CGINDGENd.yj.,, = Industrial cogeneration of electricity for use u using fuel 3"
in Census division d in year y,

GENGWHd_,, = Cogeneration of electricity for use u using fuel f in Census_
division d,
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CGREGENa,y:, , = Refinery cogeneration of electricity for use u using fuel f
in Census division d in year y, and

CGOGGENa, yj,,, = Oil and gas cogeneration of electricity for use u using fuel
f in Census division d in year y.

CGINDQ<y/,u = DIVFUEL_ + CGREQ_¢_ + CGOGQ_y/_ (13-203)

where:

CGINDQd,y,r.,, = Industrial consumption of fuel f for cogeneration of
electricity for use u in Census division d in year y,

DI'I, rFUELa&u -- Consumption of fuel f for cogeneration of electricity for
use u in Census division d,

CREGQd.yj.u = Consumption of fuel f from cogeneration of electricity for
use u in ref'meries in Census division d in year y, and

CGOGQa.yj,u = Consumption of fuel f from cogeneration of electricity for
use u in enhanced oil recovery in Census division d in year
y.

MANHP a_c,y= TMANHP _t_¢+ QELRFtot,a_, 03-204)

where:

MANHPnec.y = Consumption of electricity for manufacturing heat and
power in year y,

TMANHPa_ = Total manufacttu-ing consumption of electricity for
manufacturing heat and power, and_

QELRFtota,y = Electricity consumed by petroleum ref'ming industry in year
- y.
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2

NONHP/,y= TNONHPf + ___CGOGQ, o_j,. (B-205)
u=l

where:

NONHP/,y = Consumption of fuel f for non-manufacturing heat and
power in year y,

TNONHP: = Total non-manufacturing consumption of fuel f for heat and
power, and

CGOGQ_.y:,. = Consumption of fuel f from cogeneration of electricity for
use u in enhanced oil recovery in all Census divisions in
year y.

MI$CFD f_v = TMISCFD/ (15.206)

where:

MISCFD/.y = Consumption of miscellaneous fuels and feedstocks f in
year y, and

TMISCFD: = Total consumption of miscellaneous fuels and feedstocks f.

FOODCON/,y = TFOODCONf (B-207)

where:

FOODCON/,y = Consumption of fuel f by the food and kindred products
industry in year y, and

TFOODCON: = Total consumption of fuel f by the food and kindred
products industry.
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PAPERCON.f,y = TPAPERCONf 0B-208)

where:

PAPERCONf, y = Consumption of fuel f by the paper and allied products
industry in year y, and

TPAPERCONf = Total consumption of fuel f by the paper and allied
products industry in year y.

CHEMCONf_ = TCHEMCONf (B-209)

where:
x

CHEMCONI,y = Consumption of fuel fby the bulk chemical industry in year
y, and

TCHEMCONf = Total consumption of fuel f by the bulk chemical industry.

GLAS$CONf,y : TGLA$$CONf (B-210)

where"

GLASSCONy.y = Consumption of fuel f by the glass and glass products
industry in year y, and

TGLASSCON I = Total consumption of fuel f by the glass and glass products
industry.

-
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CEMENTCONf,,: TCEMENTCONf 03-211)

where'

CEMENTCON:y = Consumption of fuel f by the hydraulic cement industry in
year y, and

TCEMENTCONf = Total consumption of fuel f by the hydraulic cement
industry.

REFCONI,y = TREFCONf 03-212)

where:

REFCONf.y -" Consumption of fuelfby the petroleum refining industry in
year y, and

TREFCONf = Total consumption of fuel f by the petroleum refining
industry.

STEELCON/,.v = TSTEELCON/ 03-213)

where:

STEF_CONfy = Consumption of fuel f by the blast furnace and basic steel
products industry in year y, and

TSTEELCONf = Total consumption of fuel f by the blast furnace and basic
steel products indusuy.
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ALUMCON/,y- TALUMCON! (B-214)

where:

ALUMCONf, y = Consumption of fuel f by the primary aluminum
industry in year y, and

TALUMCON I = Total consumption of fuel f by the primary
aluminum industry.

DEMIMAIN1,p,a=[BMAIN/,d + OTHINDId] x UNCONTEMISSFACT/j,x EMISSCONTROLFAC/a
(B-215)

where:

DEMIMAINI.p.d = Emissions of pollutant p from main fuel f in Census
division d,

BMAINf.d = Consumption of main fuel f in Census division d,

OTHINDf. d = Consumption of fuel f from "other industry" in
Census division d,

=

UNCONTEMISSFACT/,p = Uncontrolled emission factor for pollutant p using
fuel f, and

EMISSCONTROLFAC/.p = Emissions control factor for pollutant p using fuel
f.

DEMIMAIN,_j, d = (BMAIN,,,, d + OTHIND,,s.d) - (BENCHFAC,,s, a x DOMAIN,,s, a) + (B-216)

(BENCHFACns,a x QLPIN_ x UNCONTEMISSFACTc.sj , x EMISSCONTROLFACcns_ +

(BENCHFA Cn_.dx DQMAINn8d x UNCOIWIT+MISSFACT#,_, x EMISSCONTROLFA C._sa)
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where:

DEMIMAIN,,g.p.s = Emissions of pollutant p from natural gas in Census
division d,

BMAIN, g.d = Consumption of natural gas feedstocks in Census
division d,

OTnlN'Ong, d - Consumption of natural gas feedstocks from other
industry in Census division d,

BENCHFAC, s.d = Benchmark factor for natural gas feedstocks in
Census division d,

DQMAINng.d = Consumption of natural gas feedstocks in Census
division d,

Q_PINd.y = Industrial consumption of lease and plant natural
gas in Census division d in year y,

UNCONTEMISSFAC_,_s. p = Uncontrolled emission factor for pollutant p using
core natural gas,

EMISSCONI_OLFAC,_8. p = Emissions control factor for pollutant p using core
natural gas,

UNCONTEMISSFACTI, g.p = Uncontrolled emission factor for pollutant p using
feedstock natural gas, and

EIVIISSCONI_OLFACfn&.p --- Emissions control factor for pollutant p using
feedstock natural gas.

DEMIMAIN_j,d = ((BMAINtps_ + OTHIND#,sA - (BENCHFACtps_ x DQMAINt_A)(B.217 )
x (UNCONTEMISSFACT_,,p x EMI$$CONTROLFAC_ssp,t,) +

(BENCHFA C_8,d x DQMAINtps,a x UNCONTEMISSFA CT#,_f_,x EMI$$CONTROLFA C_d _
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where:

DEMIMAIN_.p. d -- Emissions of pollutant p from liquid petroleum gas
in Census division d,

BMAINtpg.d - Consumption of liquid petroleum gas in Census
division d,

OTHINDcz.d = Consumption of liquid petroleum gas from "other
industry" in Census division d,

BENCHFAC#,t.d = Benchmark factor for liquid petroleum gas in
Census division d,

DQMAIN_,s.d = Consumption of liquid petroleum gas in Census
division d,

UNCONgEMISSFACT¢_hp,p = Uncontrolled emission factor for pollutant p using
liquid petroleum gas for heat and power,

EMISSCONTROLFACcshe.p = Emissions factor for pollutant p using liquid
petroleum gas for heat and power,

UNCONTEMISSFACT¢_.p = Uncontrolled emission factor for pollutant p using
liquid petroleum gas for feedstocks, and

EMISSCONTROLFAC#,_,, = Emissions factor for pollutant p using liquid
petroleum gas for feedstocks.

-- i

For emissions of SOx thc following equation is used.

DEMIMAIN/_,,d = DEMIMAINf_,.d x SULFURCONTf (B-218)

_ where:

___ D_IMAIN/p.d = Emissions of pollutant p from main fuel f in Census
division d, and

- SULFURCONT: = Sulfur contentoffuelf.
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DEMIRENW/_,_ = TEMISRfm_ x DSRENWf_ (B-219)

where:

DEMIRENWf.p. d = Emissions of pollutant p from renewable fuel f in Census
division d,

TEMISR_.p. r = Total emissions of pollutant p from renewable fuel f in
Census region r, and

DSRENW:d = Share of output of renewable fuel f in Census division d.

NUMIg

EMINCXf_,_t_ = _ DEMIMAIN/_,A (B-220)

where:

EMINC_I.p.d.y = Emissions of pollutant p from fuelf in Census division d in
year y,

NUM/s = Number of fuels in fuel group fg, and

DEM[MA[NI.p. d = Emissions of pollutant p from main fuel f in Census
division d.

8

EMINCXrenw_,,d,y = E DEMIRENWI, v,d (13-221)

where:

EMINCX,,,_,.p.#.y = Emissions of pollutant p from renewables in Census
division d in year y, and

DEMIRENWI.p. d = Emissions of pollutant p from renewable fuel f in Census
division d.
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9

EMINCX/j,,_,,,,I,.v = _ EMINCX/_,,d,y 03-222)
d=1

where:

EMINCX/.p.tou,t.y = Emissions of pollutant p from fuel f all Census divisions in
year y,

EMINCX_p,d,y = Emissions of pollutant p from fuelf in Census division d in
year y,

-EMINCX/J'e''ua,y (B-223)
EMINC/_,,.v 106

where:

EMINC:p.y = Industrial emissions of pollutant p from fuel f in year y,

EMINCX/.p.tota.y = Emissions of pollutant p from fuel f in all Census divisions
in year y, and

106 = Conversion factor to convert to million metric tons.

4

EMIN CX/_a_ (I)-224)
EMINCC_ = #I
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where:

EMINCCa,p,y = Industrial emissions of pollutant p in Census division d in
year y,

EMINCX/,p.d.y = Emissions of pollutant p from fuel f in Census division d in
year y, and

106 = Conversion factor to convert to million metric tons.

IBSEDS

Calculate benchmark factors.

- SED$1ND/_t 011-225)
BENCHFA C//t BMAIN# t

where:

BENCHFAC/, d = Benchmark factor for fuel f in Census division d,

SEDSIND/. d = SEDS consumption of fuel f in Census division d, and

BMAIN/, d = Consumption of main fuel f in Census division d.

BIOFUELS a
BENCHFACbm_ = 3 (B-226)

oOnv:
y.2

where:

BENCHFACbm,d = Benchmark factor for biomass in Census division d

BIOFUELSd = Consumption of biofuels in Census division d, ant
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I

DQRENWf, d = Consumption of renewable fuel f in Census division
d.

OTHIND:,a = [BENCHFA C/,a x BMAINf,a] - BMAIN/, a (B-227)

where'

OTHIND/, d = Consumption of fuel f for "other industry" in Census
division d,

BMAIN/, d = Consumption of main fuel f in Census division d, and

BENCHFAC:.d = Benchmark factor for fuel f in Census division d.

9

OTHiND/,toua= __,OTHIND/,a (B-228)
d=1

where:

OTHIND:ro_ = Consumption of fuel f for "other industry" all Census
divisions, and

OTHIND.e.d = Consumption of fuel f for "other industry" in Census
division d.

PDATA

PHDRAT = PHDRAT (13-229)
PRODVX o.
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where:

PHDRAT = Ratio of physical units to value of output, and

PRODVX_., = Value of output for industry i in Census region r.

If IDVAL = 1, then

PRODXi, , = PHDRAT x PRODVXi, , 01-230)

where:

PRODXi. r = Output in physical units for industry i in Census region r,

PHDRAT = Ratio of physical units to value of output, and

PROD VXi.r = Value of output for industry i in Census region r.

If IDVAL = 2, then

PRODXt, r = PRODVXo. (B-231)

where:

PRODXi.r = Output in dollar units for industry i in Census region r, and

PRODVX_., = Value of output for industry i in Census region r.

If process step s is linked to final consumption, then use the following equation:

PRODCURto_,a,_ = PRODFLOWota_,I x PRODX o. (B-232)
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I

where:

PRODCUR,ot_.s = Production at process step s for all vintages,

PRODFLOWou_.s.t = Down-step throughput to process step s linked by link I for
old vintage, and

PRODX_.,. = Output for industry i in Census region r.

If process step is linked to some other step, then use the following equation:

PRODSUMs, t = PRODFLOWota,s; x PRODCU_ (B-233)

where:

PRODSUMs.t = Amount of throughput used at process step s through link
l,

PRODFLOWota.s.t = Down-step throughput to process step s linked by link l for
old vintage, and

PRODCURtot,a,, = Production at process step s through link I for all vintages.

PRODCURt,,_ = _ PRODSUMs.t (B-234)
l=l

- where:

_ PRODCURto_._ = Production at process step s for all vintages,
=

NTMAX_ = Number of links at process step s, and
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PRODSUMs. _ = Amount of throughput used at process step s through link
l.
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Appendix D. Model Abstract

f

Model Name:

Industrial Demand Model

Model Acronym:

None

Description:

The Industrial Demand Model is based upon economic and engineering relationships that model

industrial sector energy consumption at the nine Census division level of detail. The seven most energy

intensive industries are modeled at the detailed process step level and 25 other industries are modeled

at a less detailed level. The industrial model incorporates three components: buildings, process and

assembly, and boiler, steam, and cogencration. The model estimates consumption of 22 main fuels,

6 intermediate fuels, and 8 renewable fuels.

Purpose of the Model:

As a component of the National Energy Modeling System integrated forecasting tool, the industrial

model generates mid-term forecasts of industrial sector energy consumption. The industrial model

facilitates policy analysis of energy markets, technological development, environmental issues, and

regulatory development as they impact industrial sector energy consumption.

Most Recent Model Update:

- November 1993.

Part of another Model?

National Energy Modeling System (NEMS)
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Model Interfaces:

Receives inputs from the Electricity Market Module, Oil and Gas Market Module, Renewable Fuels

Module, Macrocconomic Activity Module, and Petroleum Market Module.

Official Model Representative:

T. Crawford Honeycutt
Office of Integrated Analysis and Forecasting
Energy Demand Analysis Branch
1000 Independence Avenue, SW
EI-813, Room 2F-094
Washington, DC 20585

Telephone: (202) 586-1420

Documentation:

Model Documentation Report: Industrial Sector Model of the National Energy Modeling System,

December 1993.

Archive Media and Installation Manual(s):

As of this writing, the model has not been officially archived. The model will be archived on IBM

3090 mainframe magnetic tape storage as part of the National Energy Modeling System production runs

used to generate the Annual Energy Outlook 1994.

Energy System Described:

Domestic industrial sector energy consumption

Coverage:

• Geographic: Nine Census divisions: New England, Mid Atlantic, East North Central, West

North Central, South Atlantic, East South Central, West South Central, Mountain, and Pacific.

• Time Unit/Frequency: Annual, 1990 through 2010
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Modeling Features:

• Structure: 26 manufacturing and 6 nonmanufacturing industries. The manufacturing industries

are further subdivided into the energy intensive and non-energy-intensive industries.

• Each industry is modelled as three separate but interrelated components consisting of the

process/assembly component (PA), the buildings component (BLD), and the

boiler/steam/cogeneration component (BSC).

• Modeling Technique: Ordinary least-squares with log transformations is used for the

nonmanufacturing and non-energy-intensive manufacturing industries. The energy intensive

industries are modeled through the use of a detailed process flow accounting procedure.

Non-DOE Input Sources:

National Energy Accounts

Major Industrial Power Plant Database

Historical Dollar Value of Output in the Industrial Sector

DOE Input Sources:

Form EI-867: Survey of Independent Power Producers

• Electricity generation, total and by prime mover

• Electricity generation for own use and sales

• Capacity utilization

Manufacturing Energy Consumption Survey 1988, May 1991

State Energy Data System 1991, May 1993

Computing Environment:

• Hardware Used: IBM 3090

• Operating System: MVS

• Language/Software Used: VS FORTRAN, Ver 2.05
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• Memory Requirement: 437K

• Storage Requirement: Model has not yet been archived. It will require an as-yet undetermined

number of tracks of an IBM 3380 disk pack.

• Estimated Run Time: 1.1 minutes for a 1990-2010 run in non-iterating NEMS mode on an IBM

3090.

• Special Features: None.

Independent Expert Reviews Conducted:

None.

Status of Evaluation Efforts by Sponsor:

None.
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Appendix E. Data Quality and Estimation

Introduction

The NEMS Industrial Demand Model develops forecasts of industrial sector energy consumption based

on the data elements as detailed in Appendix A of this report. This Appendix provides the initial values

and sources for the input data, and the estimation methods, results, and quality of the parameter

estimates. References are also provided at the end of the Appendix for the quality of the Manufacturing

Energy Consumption Survey (MECS 1988) and the Non-Utility Power Producer Report (EIA-867).
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Table E-1. Building Component UEC (Trillion Btu/Thousand People
Employed)

Building Use and Energy Source
,,, , .,.

Lighting HVAC

SIC Industry EI_. UEC Elec UEC Nat. Gas Steam
UEC UEC

Ill ill II i I II I

20 Food & Kinclrexl Products 0.009 0.006 0.013 0.062

21 Tobacco 0.007 0.005 0.000 0.071

22 Textiles 0.017 0.014 0.005 0.033

23 Apparel 0.001 0.002 0.005 0.009
..,.. . . ,

24 Lumber 0.002 0.006 0.000 0.031

25 Furniture 0.001 0.002 0.002 0.030

26 Pulp & Paper 0.054 0.008 0.002 0.096
,,.,.

27 Printing 0.001 0.008 0.002 0.016

281,282, 286, Bulk Chemicals 0.037 0.018 0.002 0.118
287

283,284, 285, Other Chemicals 0.002 0.001 0.002 0.002
289

,,

2911 Petroleum Refining 0.156 0.074 0.036 0.123
, , , , ..,, , ...,

295,299 Other Petroleum 0.002 0.001 0.001 0.001
.... .,,

30 Rubber 0.005 0.015 0.002 0.013
, J ,,,=

31 Leather 0.003 0.003 0.000 0.035

321,322, 323 Glass and Glass Products 0.148 0.084 0.030 0.000
,, ,, ., .,.,,

324 Hydraulic Cement 0.010 0.006 0.000 0.000
,, ,,, ,,

325,326, 327, Other 0.005 0.003 0.002 0.000
328, 329

,, ,, . ,,

331,332, etc. Blast Furnaces & Basic Steel 0.788 0.374 0.957 1.231
, , , , ,,

3334, 3341, etc. Primary Aluminum 0.053 0.025 0.000 0.007
, ,..,,...,,, ,,,,

333-336, 339 Other Primary Metals 0.003 0.001 0.000 0.004
, , ,,

34 Fabricated Metals 0.006 0.005 0.012 0.030

35 Industrial Machinery 0.006 0.012 0.000 0.014
, , ,

36 Electronic Equip ment 0.006 0.017 0.001 0.011

37 Transportation Equipment 0.010 0.007 0.003 0.037
............
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Table E-1. Building Component UEC (Trillion Btu/Thousand People
Employed)

.......

Building Use and Energy Source
.....

Lighting HVAC

SIC Industry Elec. UEC Elec UEC Nat. Gas Steam
UEC UEC

IIII III I I I IIII

38 Instruments 0.004 0.014 0.001 0.027

39 Miscellaneous Manufacturing 0.003 0.003 0.007 0.011
,.,, L , , ,, , , , , , ,, .......

Source: [30].
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Table E-3. Food and Kindred Product Industry End-Use Flow (Trillion Btu/Biilion 19875 Output)

Elec Nat Gas Resld Dist Petro. LPG Coal+ Coke Steam Byproduct

End-Use Flows

Direct Heating 0.0 0.373 0.017 0.018 0.022 0.005 0.023 0.0 0.030

Hot Water& Steam 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.236 0.0

Refrig & Freezing 0.081 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

OtherElectric 0.392 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Table E-4. Pulp and Paper Industry UEC (Energy Use/Ton of Pulp)
Other Pulp_

Elec Nm Gas Distillate Resld Petro. LPG Coal Steam Wood Liqu=r

_--___ S!ep Flow MMTom Kwl_oo MM[l!_lton MMBtu/toa MMBtuAou MMBt_toa MMBtu/toa MMBtu_n MMBtuflLon MMBtuJtm3 MMBtu/too

Wood Preparation 58.0 117.23 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.92 0.0

Pulping

Waste Fibers 17.95 35170 0.0 0.0 0.0 0.0 0.0 0.0 1.6 0.0 0.0

Mechanical 7.5 1494.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0

Semi-Mechanical 4. ! 410.0 0.0 0.0 0.0 0.0 0.0 0.0 6.0 0.0 0.0

Kraft 46.5 410.0 1.194 0.02 0.174 0.029 0.041 0.005 12.8 0.039 17.98

Bleaching 33.64 87.92 0.0 0.0 0.0 0.0 0.0 0.0 6.4 0.0 0.0

Pal_'naking, 0.008 0.011 O.001 7.5 0.010 0.0
Cu,,,,.;_=ing,and Misc. 76.0 468.93 0.318 0.005 0.46

Sctn,ce: {31].
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Table E-5. Bulk Chemical Industry End-Use Flow (Trillion Btu/Billion
19875 Output)

Other
Nat Gas Resid Dist Petre. LPG Coal Steam

Ead-Use Flora

Electrolytic/Electrothermal
Use 1,166 0.0 0.0 0.0 0.0 0.0 0.0 0.0

OtherEleccicRyUse 3,616 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Direct Fuel Use 0.0 4.281 0.301 0.039 0.105 0.009 0.026 0.0

SteamUse 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.391

_e_urce:[31].

Table E-6. Glass and Glass Product Industry UEC (Energy Use/Ton of
Product)

Other

Elec Nat Gas Resid Dist Petro. Coal
ProcessStep Kwh/ton MMBtu/ton MMBtu/ton MMBtu/ton MMBtu/ton MMBte/ton

Batch Preparation 61.547 0.0 0.0 0.0 0.0 0.0

Melting/Refining 52.755 8.371 0.192 0.624 0.086 0.326

Forming 342.907 0.480 0.011 0.036 0.005 0.019

Post-Forming 26.377 2.040 0.047 O.152 0.021 0.080

Source:[31].
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Table E-7. Hydraulic Cement Industry UEC (Energy Use/Ton of Product)
Other

FJe¢ Nat Gas Resid Uis-t Petro. Coal
Process Step Kwh/ton MMBtu/ton MMBtu/tou MMBta/tou MMBtu/ton MMBtu/ton

PortlandCement

Wet Process 216.882 1.376 0.037 0.207 1.051 4.729

Dry Process 190.504 0.949 0.026 O.143 0.724 3.259

FinishGriuding 67.409 0.0 0.0 0.0 0.0 0.0

Source: [31].

Energy Information Administration
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Tabic E-8. Blast Furnace and Basic Steel Products Industry UEC (Energy Use/Ton of Product)
Natural Fuel Waste

UnitProcess Flow MMtons Electricity Steam Coal Coke Gas(l) Oil(l) Gases (2) Misc.(3)

Coke Ovens 28.9 0.10 0.80 38.6 0.26 0.01 -2.76 -3.78

Iron and Steel Making (4)

Open Hearth/Blast Furnace 5.1 0.11 0.77 0.06 4.50 1.79 -1.34 O.10
Blast Furnace/BOF 57.9 0.20 1.28 0.91 11.90 0.85 0.31 -2.25 -0.05

Electric Arc Furnace 36.9 2.13 0.00 0.00 0.00 0.00 0.00 0.00

Casting/Primary Breakdown
Continuous Casting 57.6 0.09 0.01 0.00 0.30 0.00 0.00 0.00
Ingot Casting/Primary Rolling 37.3 0.11 0.03 0.00 1.66 0.00 0.09 0.00

Hot Rolling 83.8 0.35 0.02 0.00 2.50 0.02 0.09 0.00

Cold Ro!!in_ and Fini._hing 29.2 0.79 1.61 0.00 1.75 0.05 0.44 0.00

Note: Natural gas makes up 93% of purchased gas and liquid fuels.

(1) Purchased natural gas and liquid fuels.

(2) Net waste gas use: input-output.
(3) Includes tar and pitch, light otis, and coke breeze.
(4) Energy values for coke accounted for by coal used in coke ovens.

Source: [31].

EnergyInformationAdministration E- 11
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Table E-9. Primary Aluminum Industry UEC (Energy Use/Ton of Product)
Other

Elec Nat Gas Petro. Coal
Process Step Kwh/tGn MMBtu/ton MMBtu/ton MMBtu/ton

Aluminum Smelting 15,457.209 3.546 2.054 0.370

Source:[31].

Energy Information Administration
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Table E-11. Boiler Fuel Share Elasticities
",, ' ,, , , ' ...... , ';"., ' ' ,, ' , '"_ ' ' ., ., , .I,,,,, "_ , ,,"', ,,', ,,, , ,. ,'

Petroleum Natural Gas Steam Coal
n ,,,, ,,, .,, ,.,,, , i

Petroleum -0.33 0.05 O.17
• °, ,.,. ,,.,, ,,,. ,,, ,,,,. , ,,,,., ,,

Natural Gas 0.04 -0.47 0.00
, , ,,.,, ,, ,., , , , ,, ,, ,., ,.,,.,, ,,,.,. .,

Steam Coal 0.63 0.00 -1.01
i0urci:i'[95]. ....... _ .................
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Table E-12. Advanced and State-of-The-Art Technologies

Pulp and Paper

Wood preparation: savings over current technology - 16%
- Whole Tree Debarking/Chipping*
- Chip Screening Equipment*

State-Of-The-Art Technologies (Energy Savings by Process Step)

Chemical

Technologies (Kraft, Sulfite): - Continuous Digesters
- Batch Digesters
- Radar Displacement Heating
- Sunds Defibrator Cold Blow and

Extended Delignification
- EKONO's White Liquor Impregnation
- Anthraquinone Pulping
- Alkaline Sulfi_..*Anthraquinone

(ASOQ) and Neutral Sulfite
Anthraquinone (NSAQ) Pulping

- Tampella Recovery System
- Advanced Black Liquor Evaporator
- Process Controls System

Mechanical and Semi-Mechanical - Pressurized Groundwood (PGW)
Technologies: - PGW-Plus

- Thermo-Ref'mer Mechanical Pulping
- Heat Recovery in TMP*

: - Cyclotherm System for Heat
Recovery*

- Chemimechanical Pulping
- Chemi-Thermomechanical Pulping

(CTMP)
- Process Control System

Semi-Chemical - See Chemical and Mechanical S-O-,_

Technologies: technologies above

Waste Paper Pulping - Advanced pulping
Technologies: - Advanced De-inking

Energy Information Administration
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BleachingOxygen Predelignification - Oxygen Bleaching
Technologies: - Displacement Bleaching

- Bio-bleaching
Papermaking
Technologies: - Extended Nip Press*

- Hot Pressing
- IR Moisture Profiling*
- Reduced Air Requirement*
- Waste Heat Recovery*
- Process Control System*

* Potential for retrofit

Advanced Technologies

Wood Preparation: Total Savings Over Average
S-O-A technologies are foreseen to be
modest. Most of the energy savings that
can be achieved in the furore are in the use
of computercontrol, more efficient electric
motors/drives, etc. Assume REI's to
decrease by 0.5 % per year.

Chemical (Kraft/Sulfite) Technology Introduction: 2005-2015
Technologies: - Non-SulfurChemimechanical(NSCM)

Pulping
- Advanced Alcohol Pulping
- Biological Pulping
- OntarioPaper Co (OPCO) Process
- Black LiquorConcentration*
- Black LiquorHeat Recovery*
- Black LiquorGasification*

Mechanical TechnologyIntroduction:2005-2015
Technologies: - AdvancedChemical/Thermal

Treatment
- Non-sulfurChemimechanical(NSCM)
- OPCO Process

Semi-Chemical
Technologies: Technology Introduction: 2005-2015

Energy Information Administration
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- OPCO Process
- NSCM Process
- Waste Pulping- Improvements in steam
use, computer control, etc., assumed to
decrease REI by 0.2 %per year

Bleaching
Technologies: Technology Introduction: 2005-2015

- Ozone Bleaching
- NO2/O2Bleaching
- Biobleaching

Papermaking
Technologies: Technology Introduction:2005-2015

- High-ConsistencyForming*
- Advances in Wet Pressing.
- Press Drying*
- Impulse Drying*
- Air Radio-Frequency-Assisted(ARFA)

Drying*

* Potential for retrofit

Glass and Glass Product Industry

State-Of-The-Art Technologies (Energy Savings by Process Step)

Batch Preparation
Technologies: - ComputerizedWeighing, Mixing, and

Charging

Melting/Ref'ming
Technologies: Total savings over average currer

technologies: 21-27%
- Chemical Boosting
- Oxygen Enriched Combustion Air*
- Automatic Tap Charging Transformers

for Electric Melters
- Sealed-in Burner Systems*
- Dual-Depth Melter
- Chimney Block Regenerator

Energy Information Administration
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Refractories
- Reductionof RegeneratorAir

Leakage*
- RecuperativeBurners*

Forming
Post Forming
Technologies: - ErahartType 540 Forehearth

- EH-F 400 Series Forehearth
- Foreheanh High-PressureGas Firing

System
- Lightweighting*

* Potential for retrofit

Advanced Technologies

Batch Preparation
Technologies: No advancedtechnologies identified

Melting/Refining
Technologies: Technology Introduction: 1995-2010

- Direct Coal Firing
- SubmergedBurner Combustion
- Coal-Fired Hot Gas Generation*
- Advanced Glass Melter
- Batch Liquefaction
- Molybdenum-LinedElectric Melter
- Ultrasonic Bath Agitation/Refining*
- Excess Heat Extractionfrom

Regenerators
- ThermochemicalRecuperator
- Sol-Gel Process
- FurnaceInsulationMaterials*
- PressureSwing Adsorption Oxygen

Generator*
- Hollow FiberMembraneAir

SeparationProcess*
* Potential for retrofit

Forming
Post-Forming

Energy Information Administration
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Technology Introduction: 1995-2010
- Mold Design*
- Mold Cooling Systems
- Automatic Gob Control

- Improved Glass Strengthening
Techniques*

- Improved Protective Coatings*

* Potential for retrofit

Hydraulic Cement Industry

State-Of-The-Art Technologies (Energy Savings by Process Step)

Dry Process
Technologies: - Roller Mills*

- High-Efficiency Classifiers*
- Grinding Media and Mill Linings*
- Waste Heat Drying*
- Kiln Feed Slurry Dewatering*
- Dry-Preheater/Preealciner Kilns
- Kiln Radiation and Infiltration Losses*
- Kiln Internal Efficiency Enhancement*
- Waste Fuels*
- Controlled Particle Size Distribution

Cement

- High-Pressure Roller Press
- Finish Mill Internals, Configuration,

and Operation
- Grinding Aids*

Imports - Finish Grinding
Technologies: - High-Efficiency Classifiers*

- Controlled Particle Size Distribution
Cement*

- High Pressure Roller Press
- Roller Mills*
- Finish Mill Internals, Configuration,

and Operation
- Grinding Aids*

Energy Information Administration
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* Potential for retrofit

Advanced Technologies

Dry Process
Technologies: Technology Introduction: 1997-2013

- Autogenous Mills
- Differential Grinding
- Sensors and Controls*

- Fluidized-Bed Drying
- Stationary Clinkering Systems
- All-Electric Kilns

- Sensors for On-Line Analysis*
- Advanced Kiln Control*

- Catalyzed, Low-Temperature
Calcination

- AlkaliSpecificationModification*
- ConeCrushers*

- Advanced(Non-Mechanical)
Comminution

- Modifying Fineness Specifications*
- Blended Cements*
- Advanced Waste Combustion

Imports- Finish Grinding Technology Introduction: 1997-2013
- Sensors and Controls*
- Cone Crushers*

- Advanced (Non-Mechanical)
Comminution

- Modifying Fineness Specifications*
- Blended Cements*

* Potential for retrofit

Iron and Steel Industry

State-Of-The-Art Technologies (Energy Savings by Process Step)

Cokemaking
Technologies: - Dry Quenching of Coke*

- Carbonization Control

Energy Information Administration
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- Programmed Heating
- Wet Quenching of Coke with Energy

Recovery*
- Sensible Heat Recovery of Off-Gases*

Ironmaking
Technologies: Blast Furnace

- Coal Injection*
- Water-Cooling
- Movable Throat Armor*

- Top Gas Pressure Recovery*
- Hot Stove Waste Heat Recovery*
- Insulation of Cold Blast Main*

- Recovery of BF Gas Released During
Charging

- Slag Waste Heat Recovery*
- Paul Wurth Top*
- External Desulfurization - injection of

calcium carbide or mag-coke as a
desulfurizing reagent*

- Midrex/I-IBI

Steelmaking
Technologies: Basic Oxygen Furnace

- Gas Recovery in Combination with
Sensible Heat Recovery*

- Two working vessels concept*
- Combined Top and Bottom Oxygen

Blowing*
- In-Process Control (Dynamic) of Temp

and Carbon Content*

Electric Arc Furnace
- DC Arc Furnaces*

- Ultra-High Power (UHP)*
- Computerization*
- Bottom Tap Vessels*
- Water-Cooled Furnace Panels and

Top*
- Water-Cooled Electrode Sections*

- Oxy-Fuel Burners*
- Long Arc Foamy Slag Practice*
- Material Handling Practices*

EnergyInformationAdministration
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Induction Furnaces*

Energy Optimizing Furnaces*

Scrap-Preheating*

Ladle Drying and Preheating*

Injection Steelmaking (ladle metallurgy)
- Vacuum Arc Decarburization*

- Argon Stirring*

Specialty Steelmaking Processes
- Electroslag Remelting (F_.SR)*
- Argon-Oxygen Decarburization

(AOD)*
- Vacuum Induction Melting (VIM)*
- Electron Beam Melting (EBM)*
- Vacuum Arc Remelting (VAR)*

Steelcasting
Technologies: - Modern Casters*

- Thin Slab Casting
- Slab Heat Recovery*
- Soaking Pit Utilization and Pit Vacant

Time*

Steelforming (rolling)
Technologies: Hot charging

Preheating Furnaces
- Improved Insulation*
- Waste Heat Recovery and Air

Preheating*
- Waste Heat Recovery and Fuel Gas

Preheating*
- Increased Length of the Preheating

Furnace
- Waste Heat Boilers

- Evaporative Cooling of Furnace Skids

Direct Rolling
- Leveling Furnace*
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- The Coil Box*

- Covered Delay Table*

Pickling - Insulated Floats*

Annealing
- Air Preheating*
- Fuel Gas Preheating*
- Combustion Control*

Continuous Annealing

Continuous Cold Rolling

* Potential for retrofit

Advanced Technologies

Ironmaking
Technologies: - PLASMARED

- COREX

- Direct Iron Ore Smelting (AISI)
- HiSmelt
- Fastmet

il

- Iron Carbode Route

- KR Process

- Iron ore reduction/steelmaking (AISI)

Direct Steelmaking
Technologies: PLASMAMELT

INRED

ELRED

Foster Wheeler - Tetronics Expand
Processive Plasma Process

Steelmaking
Technologies: - Scrap Preheating*

- Energy Optimizing Furnace (EOF)

EnergyInformationAdministration
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- Modem ElectricArc Furnacewith

ContinuousCharging/ScrapPreheating
- Modem BasicOxygen Furnace

- InjectionofCarbonaceousFuels
- IncreasedScrapUse

- Ladle Drying and Preheating*
- Injection Steelmaking

Steelcasting
Technologies: - Horizontal Continuous Caster*

- Near Net Shapecasting*
- Direct Strip Casting*
- Ultra Thin Strip Casting*
- Spray Casting

Hot/Cold Rolling: - Direct Rolling
- Continuous Cold Roiling and Finishing
- In Line Melting/Rolling
- Advanced Coating

*Potential for retrofit

NOTE: Many advanced technologies in the Blast Furnace and Basic Steel Products Industry are more
energy intensive than their predecessors. Thus it is expected that these new technologies will not fully
replace the old ones, but rather provide enhancement particularly for high quality steels. Other
advantages include accelerated reaction rates, reduced reactor volume and residence time, lower capital
investment, and higher scrap use.

Primary Aluminum Industry

State-Of-The-Art Technologies (Energy Savings by Process Step)

Alumina Refining - Advanced Digesters
Technologies: - Heat Recovery*

Primary Aluminum - Advanced Cells
Technologies - New Cathodes*

Semi-Fabrication - Continuous-Strip Casting
Technologies - Electromagnetic Casting

Energy Information Administration
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Secondary Aluminum - Induction Melting
Technologies: - Advanced Melting

* Potential for retrofit

Advanced Technologies

Alumina Refining
Technologies: - Retrofit of S-O-A technologies*

PrimaryAluminum
Technologies: Technology Introduction: 2003-2023

- Carbothermic Reduction

- Inert Anodes (potential for retrofit)*
- Bipolar Cell Technology
- Wettable Cathodes*

Semi-Fabrication

Technologies: Technology Introduction: 1995-2010
- New Melting Teclmology*
- Preheaters*

Secondary Aluminum
Technologies: Technology Introduction: 1995-2010

- New Melting Technology (submerged
radiant burners)

- Preheaters*

- Heat Recovery Technology

* Potential for retrofit

Energy Information Administration
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Table E-13. Coefficients for TechnologyPossibility Curves

REI REi
Old Plant Old Plant Old Plant New Plant New Plant New Plant

SIC Industry Process Unit InREIo REIo a = (slope) InRElo RElo a = (slope)
... GENERICENDUSESOF ENERGY ......

20 Food" Direct Fuel 0 1 .0,00401 -0.10432 0.90094 .0.00436
Steam 0 1 .0.00301 -0.10432 0.90094 .0.00436
Electric 0 1 .0.00201 -0.10432 0.90094 ,0.00436

281 Inorganic Direct Fuel 0 1 -0.00401 -0.10432 0.90094 .0.00436
Chemicals" Steam 0 1 .0.00301 .0.10432 0.90094 .0.00436

Electric 0 1 .0.00201 -0,10432 0.90094 .0.00436
Electrolytic 0 1 .0.00075 .0.0503 0.95094 .0.00412

282 Plastics" Direct Fuel 0 1 .0.00401 -0,10432 0.90094 -0.00436
Steam 0 1 -0.00301 -0.10432 0.90094 .0.00436
Electric 0 1 ,0.00201 .0.10432 0.90094 .0.00436

286 Organic Direct Fuel 0 1 .0.00401 .0.10432 0,90094 .0.00436
Chemicals' Steam 0 1 -0.00301 .0.1 0432 0.90094 -0.00436

Electric 0 1 .0,00201 .0,1 0432 0.90094 .0.00436

287 Agricultural Direct Fuel 0 1 .0,00401 .0,10432 0.90094 .0.00436
Chemicals' Steam 0 1 .0.00301 .0.1 0432 0.90094 .0.00436

Electric 0 1 .0.00201 .0,10432 0.90094 .0,00436

Bn=ravInformationAdministration _-29
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Table E-13. Coefficients for Technology Possibility Curves, cont.
REI REI
Old Plant Old Plant Old Plant New Plant New Plant New Plant

SIC Industry Process Unit InREio REIo a = (slope) InREIo RElo a = (slope)
26 Pulp/Paper Wood Preparation 0 1 .0.00305 .0.17271 0.84138 .0.0052

Waste Pulping 0 1 .0,00131 .0.07243 0.93013 .0,00204
MechanicalPulping 0 1 .0.00305 .0.16882 0.84466 .0.00076
Semi Chemical Pulping 0 1 .0.0059 .0,32906 0.7196 .0.00378
Kratt Sulflte 0 1 .0.00611 .0.32597 0.72183 .0.00616
Bleaching 0 1 .0.00486 .0.26365 0.76824 .0.00329
Paper Making 0 1 .0.00854 .0.36191 0.69835 0.00527

32 Glass Batch Preparation 0 1 .0.00102 .0.12556 0.882 0
Melting/Refining 0 1 -0,00528 -0.16481 0.84805 -0.02535
Forming 0 1 .0,00255 .0.20849 0.81343 .0.00404
Post.Forming 0 1 .0.00259 .0.24747 0.78077 .0.00112

32 Cement Dry Process 0 1 .0.00528 .0.4716 0.624 -0.00834
Wet Process 0 1 .0.00244 NA NA NA
Finish Grinding 0 1 .0.00528 .0.1764 0.83828 .0.01097

33 Iron/Steel CokeOven 0 1 0 .0.17429 0.84005 .0.00116o 1 0 NA NA HA
BF/OH 0 0 1.0 0
BF/BOF(1) 0 1
EAF 0 1 0 0 1.0 00 0 1 0
Ingot Cast/Primary Roll 0 1
Cont Casting 0 1 0 0 1 0
Hot Rolling 0 1 -0.01774 .0.61941 0.53826 .0.03863
Cold Rolling 0 1 .0.00675 -0.164 0.84 .0.00837

_ 0 1 .0.00472 .0.10514 0.9002 .0.001 63
33 Aluminum Alumina Refinery 0.89996 .0.0094

i Primary Aluminum 0 1 .0.00688 .0.05417
Semi.Fabrication 0 1 -0.01259 .0.46282 0.62951 -0,00794

i Secondary Aluminum 0 1 .0.01442 .0.42486 0,65386 .0.01589
EnergyInformationAdministration E-30
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Table E-14. Changes in Fractional Energy Shares

Old Plant New Plant

1988 2015 1988 2015

CEMENT

- wet process: electric 0.11 0.11 NA NA
- wet process" direct fuels (1) 0.89 0.89 NA NA

- dry process: electric 0.09 0.09 0.17 0.21
- dry process: direct fuels (1) 0.91 0.91 0.83 0.79R

IRON AND STEEL
- EAF" electric 1.0 0.72 0.96 0.44
- EAF: direct fuels (2) 0 0.28 0.04 0.56

" - Cold Rolling: electric 0.17 0.17 0.20 0.21
- Cold Rolling: steam 0.35 0.35 0.41 0.47
- Cold Rolling: direct 0.48 0.48 0.39 0.32

- Iron and Steel Making (BF/BOF): electric 0.01 0.01 0.02 0.02
- Iron and Steel Making (BF/BOF): steam 0.08 0.08 (3) (3)
- Iron and Steel Making (BF/BOF): natural gas 0.06 0.26 0.09 0.09
- Iron and Steel Making (BF/BOF): steam coal 0.06 0.06 0.07 0.36
- Iron and Steel Making (BF/BOF): coke 0.77 0.57 0 0.53
- Iron and Steel Making (BF/BOF)" fuel oil 0.02 0.02 0.82 0

OTHER SECTORS (4) (5) (5)

(1) Predominantly coal
(2) Predominantly natural gas
(3) Blast Furnace/Basic Oxygen Furnace (BF/BOF)

and future new iron/steelmaking technologies; see Table M-2
(4) See UEC's in Section 5 to develop fractional energy shares
(5) Fractional energy shares, as a first approximation, remain unchanged (b=0)
Source: [31].
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Table E-15. Non-energy-Intensive Industry UEC Regressions
(Data is located in Table E-22)

Agriculture - Crops (Natural Gas)

UECNATGS = 1.113 - 0.727 x RPGAS58

Std.Err. (0.043) (0.059) (E-I)
T-Statistic 25.764 -12.230

Adj. R2 = 0.846

Agriculture - Other (Natural Gas)

UECNATGS = -3.247 - 2.774 x RPOIL58 + 0.948 x RPGAS58

Std.Err. (0.075) (0.427) (0.110) (F_,-2)
T-Statistic -43.464 -6.499 8.606

Adj. R 2 = 0.739

Coal Mining (Natural Gas)

UECNATGS = -2.600 - 0.657 x RPGAS58 + 0.832 x CURTAIL

Std.Err. (0.058) (0.107) (0.301) (E-3)
T-Statistic -45.075 -6.167 2.765

Adj. R2 = 0.587

Tobacco (Oil)

UECOIL = -2.498 - 1.229 x RPELEC58 + 2.276 x CURTAIL

Std.Err. (0.066) (0.239) (0.306) (E-4)
T-Statistic -37.993 -5.155 7.428

Adj. R2 = 0.720
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Textiles (Oil)

UECOIL = 0.630 - 0.741 x RPOIL58 + 1.881 x CURTAIL

Std.Err. (0.065) (0.104) (0.380) (E-5)
T-Statistic 9.714 -7.138 4.946

Adj. R 2 = 0.658

Textiles (Natural Gas)

UECNATGS = 0.286 + 0.757 x RPOII.58 - 1.024 x RPGAS58 + 0.233 x RCUMOUT - 0.840 x CURTAIL

Std.Err. (0.057) (0.133) (0.131) (0.026) (0.162) (E-6)
T-Statistic 4.993 5.711 -7.800 9.063 -5.174

Adj. R2 = 0.823

Textiles (Electricity)

UECELEC = 0.261 + 0.157 x RPOIL58 - 0.504 x RPELEC58 + 0.073 x RCUMOUT + 0.225 x CURTAIL

Std.Err. (0.036) (0.051) (0.091) (0.018) (0.079) (E-7)
• T-Statistic7.340 3.076 -5.545 4.108 2.832

Adj.R2 = 0.843

Apparel (Oil)

UECOIL = -1.578 - 0.593 x RPOIL58 - 0.518 x RPELEC58

Std.Err. (0.082) (0.101) (0.213) (E-8)
T-Statistic -19.141 -5.868 -2.439

- Adj. R 2 = 0.642

-

= Apparel (Electricity)

_
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UECELEC = -1.668 + 0.154 x RPOIL58 - 0.790 x RPELEC58 + 0.075 x RCUMOUT

Std.Err. (0.033) (0.038) (0.055) (0.018) (E-9)
T-Statistic -50.599 4.090 -14.262 4.212

Adj. R2 = 0.951

Apparel (Coal)

UECCOAL = -1.438 - 1.721 x RPGA$58 + 2.238 x RPELEC58 - 0.611 x RPCOAL58

Sta._rr. (0.119) (0.2s8) (0.316) (0.299) (E-10)
T-Statistic -12.094 -5.973 7.081 -2.043

Adj. R 2 = 0.918

Lumber (Electricity)

UECELEC = -0.731 + 0.628 x RPGAS58 - 1.508 x RPELEC58

Std.Err. (0.029) (Hx038) ((3.088) (E-11)
T-Statistic -25.543 16.663 -17.149

Adj. R 2 = 0.935

Furniture (Oil)

UECOIL = -1.031 + 0.776 x RPOIL58 - 1.509 x RPGAS58

Std.Err.(0.044) (0.199) (0.241) (F_,-12)
T-Statistic-23.190 3.888 -6.253

Adj. R 2 = 0.688

, Furniture (Electricity)

UECELEC = -1.128 - 0.352 x RPELEC58 + 0.254 x RPCOAL58 + 0.077 x RCUMOUT
Std.Err. (0.048) (0.067) (0.053) (0.019) (E-13)

T-Statistic -23.577 -5.233 4.817 4.038

Adj. R 2 -- 0.874
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II

Printing (Oil)

UECOIL = -1.397 - 0.766 x RPOIL58

St&Err. (0.062) (0.105) (E-14)
T-Statistic -22.502 -7.273

Adj. R2 = 0.650

Printing (Electricity)

UECELEC = -1.130 + 0.491 x RPGA$58 - 1.320 x RPELEC58 + 0.347 x RPCOAL58

Std.Err. (0.o24) (0.o5o) (0.060 (o.o_s) (E-15)
T-Statistic -46.622 9.911 -20.002 5.108

Adj. R2 ffi0.965

Rubber (Electricity)

UECELEC = -0.034 + 0.387 x RPGAS58 - 0.525 x RPELEC58

Std.Err. (0.025) (0.034) (0.092) (E-16)
T-Statistic -1.371 11.400 -5.700

Adj. R 2 Hx0.826

Leather (Oil)

UECOIL = -0.515 - 0.215 x RPOIL58 - 0.441 x RPELEC58

Std.Err. (0.031) (0.032) (0.087) 0g-17)
T-Statistic -16.472 -6.777 -5.086

Adj. R 2 = 0.760
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Leather (Coal)

UECCOAL -- 0.283 - 2.357 x RPGA$58 + 2.733 x RPELEC58 - 0.568 x RPCOAL58

Std.Err. (0.104) (0.228) (0.260) (0.408) (E-18)
T-Statistic 2.717 -10.338 10.495 -1.392

Adj. R 2 = 0.945

Other Stone, Clay, and Glass (Natural Gas)

UECNATG$ - 2.235 - 0.384 x RPGA$58 + 0.337 x RPELEC58

Std.Err. (0.043) (0.061) (0.159) (E-19)
T-Starisr/c 51.833 -6.326 2.116

Adj. R2 = 0.600

Other Stone, Clay, and Glass (Electricity)

UECELEC = -0.202 + 0.355 x RPOIL58 - 0.539 x RPELEC58

$_.Err. (0.036) (0.054) (0.154) (E-20)
T-Statistic -5.666 6.521 -3.511

Adj. R2 = 0.592

Fabricated Metals (Coal)

UECCOAL = -0.725 - 1.299 x RPCOAL58 - 0.330 x RCUMOUT

Std.Err. (0.087) (0.100) (0.035) (E-21)
0 T-Statistic -8.319 -12.996 -9.520

Adj. R2 = 0.970
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Industrial Machinery (Oil)

UECOIL = -1.010 - 0.944 x RPOIL58

$td.Err. (0.084) (0.139) 0g-22)
T-Statistic -12.022 -6.811

Adj. R2 = 0.619

Electronics (Oil)

UECOIL = -0.924 - 1.274 x RPOIL58 + 1.624 x CURTAIL

Std.Err. (0.080) (0.137) (0.479) (E-23)
T-Statistic -11.578 -9.306 3.387

Adj. R 2 = 0.752

Electronics (Coal)

UECCOAL = 0.717 - 0.800 OUT

Std.Err. (0.188) (0.060, (E-24)
T-Statistic 3.804 --13.314

Adj. R 2 = 0.867

Transportation Equipment (Coal)

UECCOAL = -0.987 - 1.338 x RPCOAL58

Std.Err. (0.066) (0.163) (E-25)
T-Statistic -15.009 -8.215

Adj. R2 = 0.704
_

_
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Instruments (Oil)

UECOIL = -0.412 - 0.586 x RPOIL.58 - 0.213 x RCUMOUT + 1.667 x CURTAIL

Std.Err. (0.176) (0.149) (0.065) (0.363) (E'-26)
T-Statistic -2.334 -3.945 -3.286 4.590

Adj. R 2 = 0.746

Instruments (Natural Gas)

UECNATGS = -0.566 - 0.374 x RPGA$58 + 0.049 x RCUMOUT

Sta.Err. (0.062) (0.o67) (0.o23) (E..27)
T-Statistic -9.191 -5.580 2.141

Adj. R 2 = 0.550

Miscellaneous Manufacturing (Oil)

UECOIL = -0.526 - 0.948 x RPOIL58

Std.Err. (0.079) (0.131) (E-28)
T-Statistic -6.620 -7.219

Adj. R 2 = 0.646; D-W = 0.282
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Table E-16. Cogeneration Regressions

Generation

LNGENK = -2.799 + 0.960 x LNSTEAM

Std.Err. (0.325) (0.081) (E-29)
T-Statia_c -8.605 11.795

System Weighted R2 = 0.691

Generation for own use

LNOWNK = -1.153 + 1.307 x LNGENK

Std.Err. (0.137) (0.081) (E-30)
T-Statistic -8.392 16.220

System Weighted R2 = 0.691
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Table E-17. Regional Technology Shares
....

Census Region
,,, , ,,,. .,

Industry Technology NE MW SO WE US

Paper and Allied
Products

,, . ,. ,,,

Kraft (incl. Sulfite) 6.0% 5.0% 72.0% 17.0% 100%
m ,. , ,,, , ,. , , ,, ,

Semi-Chemical 11.0% 30.0% 48.0% 11.0% 100%
.... . ,, ,,

Mechanical 19.0% 14.0% 47.0% 20.0% 100%
,,,. , , ,, , , , . ,, ,

Waste Fiber 18.0% 31.0% 34.0% 17.0% 100%
.,. L ' "' '" ....... '"

Hydraulic Cement
, , ,, i,. , ,,.- ,,, , ,,

Wet Process 17.3% 26.6% 43.0% 13.1% 100%
........ ,, ,, , ,,,, i

Dry Process 9.2% 28.9% 35.0% 26.8% 100%
,, ,., , ,. , , ,, , ,,,,

Blast Furnace and
Basic Steel
Products

,.,,,, ,. ,

Electric Arc Furnace 23.6% 36.1% 31.6% 8.7% 100%
,.. , ,,,, ,,,, .... ,,,

Basic Oxygen Furnace 10.5% 69.5 % 20.0% 0.0% 100%

, Open Hearth 34.5% 0.0% 36.2% 29.3% 100%
,,,.. ,, ,.,.,,

Coke Oven 23.9% 50.4% 23.5% 2.1% 100%
,,,,, ,, ,,,,,,. , ,,

Primary Aluminum
,,, , ..

Smelters 7.0% 15.7% 43.3% 34.1% 100%

Source: [31].
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Table E-18. Retirements

,,,

Industry Retirement Rate Industry Retirement Rate
(%) (%)

Food and Kindred 1.7 Blast Furnace and Basic 50.0

Products Steel Products (Blast

Furnace/Open Hearth)

Tobacco Products 4.3 Blast Furnace and Basic 0.0
Steel Products (Blast

Furnace/Basic Oxygen
Furnace)

Textile Mill Products 4.6 Blast Furnace and Basic 1.5

Steel Products (Electric
Arc Furnace)

Apparel and Other Textile 1.9 Primary Aluminum 2.1
Products

Lumber and Wood 0.7 Other Primary Metals 1.2
Products

Furniture and Fixtures 1.0 Fabricated Metals 2.1

--Paper and Allied Products ....2.3 Industrial Machinery 2.7

Printing and Publishing 5.4 Electronic Equipment 4.5

Bulk Chemicals 1.9 Transportation Equipment 1.6

Other Chemicals 3.6 Instruments 1.5
i| i i i i .

Asphalt and Miscellaneous 2.2 Miscellaneous 2.3
Coal Products Manufacturing

Source: [94].
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Table E-19. Recycling

Sector Estimate for Projected for
1988 2015

Paper and Allied Products (waste pulping) 24 % 37 %

Blast Furnace and Basic Steel Products (scrap melting 37% 50%
in electric arc furnace)

Source: [31]--
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Table E-20. Emission Factors

Million Metric Tons [ Proportion of Nonfuel

m

Fuel Type Carbon per Quadrillion Btu [ Use (If Any) SequesteredI I IIIII II I

Petroleum
Motor Gasoline 19.23 -
LPG 17.09 0.80
Jet Fuel 19.27
Distillate Fuel 19.77 -
Residual Fuel 21.44 -

Asphalt and Road 20.83 1.00
Oil 21.00 0.50

Lubricants 19.25 0.80
Petrochemical Feed 19.23 -
Aviation Gas 19.27 -
Kerosene 27.04 1.00
Petroleum Coke 19.23 0.00

Special Naphtha
Other: Waxes and 20.83 1.00

Miscellaneous

Coal
Anthracite Coal 27.85 0.75
Bituminous Coal 25.12 0.75
Subbituminous Coal 25.98 0.75

Lignite 26.35 0.75

Natural Gas
Natural Gas 14.39 0.33

Source: [41].
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Table E-21. Data Quality References for MECS and EIA-867

A discussion of the data quality of the MECS data can be found in:
Manufacturing Energy Consumption Survey, Consumption of Energy: 1988, Energy Information
Administration, Office of Energy Markets and End Use, U.S. Department of Energy, Washington, DC.
pp. 151-155.

The data quality assessment on the EIA-867 data can be found in:
Quality Assessment (EIA-867 Annual Non-Utility Power Producer Report), Office of Statistical Standards,
Energy Information Administration, U.S. Department of Energy. October, 1991.
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Table E-22A. Non-Manufacturing Consumption and Output, 1958-1985

Sources: Consumption: [97]
Output: U.S. Department of Commerce and DRI, Inc.

Notes: All dollar values are expressed in constant 1987 dollars. The deflator is given
in Table E-22D. Prices are per million Btu and quantifies are trillion Btus.
Output is billion dollars.
The mnemonics are as follows: NATGAS and NATGS--Namral Gas;

COAL-Coal; MGAS--Motor C_asoline;LPG-Liquid Petroloum Gas;
DIST--Distillat¢; ASPHAL and ASPH--Asphalt and Road Oil;
RESID--Residual Fuel Oil; OIL--Other Oil Products;

ELEC--Electricity; OUTPUT--Value of Output.

SIC-AGRI PRODUCTION

YEAR QOIL QNATGAS QCOAL QELEC QMGAS QLPG QDIST QASPHAL QRESID OUTPUT

58 7.3762 102.940 0 28.9716 323.195 7.0795 38.913 0 0 33.1422
59 7.0220 107.138 0 34.3114 316.264 10.9055 43.118 0 0 35.1345
60 7.1948 111.475 0 37.9725 317.889 17.1517 60.842 0 0 37.4119
61 6.9123 115.471 0 39.2486 294.175 23.8586 78.967 0 0 37.2503
62 6.9172 119.730 0 40.5588 288.592 31.2055 94.843 0 0 38.4282
63 6.6358 124.471 0 41.8007 272.451 39.1035 114.190 0 0 40.4324
64 6.3112 129.475 0 42.0976 259.165 46.9446 135.439 0 0 41.3848
65 6.1286 132.285 0 45.7348 256.769 51.3184 157.582 0 0 41.8353
66 5.4019 135.556 0 45.6017 226.408 54.1796 180.230 0 0 43.7362
67 4.9466 _.936 0 47.6933 207.215 57.5245 202.494 0 0 45.5314
68 4.6810 142.425 0 49.9145 201.274 60.7409 215.775 0 0 47.4888
69 4.2532 145.847 0 56.1346 184.952 63.5953 243.403 0 0 50.1269
70 3.7715 149.381 0 59.6285 169.632 64.7653 248.013 0 0 51.9809
71 3.5259 153.050 0 61.9214 158.168 65.5387 279.500 0 0 51.8856
72 3.1484 145.075 0 61.5577 134.524 74.8885 280.852 0 0 56.0432
73 3.7433 152.622 0 65.1086 155.756 81.0004 362.750 0 0 62.0630
74 2.7274 105.025 0 61.7525 104.507 55.3975 300.935 0 0 57.8237
75 3.1313 126.266 0 61.0749 134.889 58.4749 309.046 0 0 56.6367
76 3.1510 152.630 0 63.6322 117.027 69.6237 357.312 0 0 63.5892
77 3.1236 104.264 0 63.0804 119.113 63.2834 367.558 0 0 65.0305
78 3.5215 145.261 0 64.1388 108.567 67.2208 474.159 0 0 66.4719
79 3.4022 108.395 0 76.2524 109.567 69.8584 425.598 0 0 71.3046
80 3.0374 82.560 0 72.1000 92.010 59.4222 392.832 0 0 75.7135
81 2.9803 75.085 0 85.3624 91.562 59.7400 375.700 0 0 71.1351
82 2.7669 88.651 0 72.8230 74.519 62.1087 365.097 0 0 69.9481
83 2.7290 64.866 0 64.3551 68.297 45.1660 379.003 0 0 53.3301
84 2.7307 68.669 0 68.1875 65.776 53.4892 378.325 0 0 66.3871
85 2.6658 49.405 0 65.8861 59.946 50.0875 373.645 0 0 70.5416
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Table E-22A. Non-Manufacturing Consumption and Output, 1958-1985

SIC=OTHER AGRICULTURE

YEAR QOIL QNATGAS QCOAL QELEC QMGAS QLPG QDIST QASPHAL QRESID OUTPUT

58 2.5390 2.4051 0.5593 17.9510 134.011 2.8475 5.7521 0 0.0011 61.522
59 2.5774 2.4991 0.5308 21.1159 139.976 4.5668 6.5582 0 0.0011 65.485
60 2.3905 2.6280 0.5199 22.8723 131.612 6.5775 8.4960 0 0.0011 66.463
61 2.3431 3.0815 0.5952 24.3574 129.767 9.5429 11.1103 0 0.0011 69.785
62 2.3114 3.1558 0.5711 25.1302 129.713 12.5553 13.6226 0 0.0011 71.060
63 2.1268 3.1223 0.5932 25.9175 121.645 15.4466 16.0172 0 0.0011 74.467
64 2.0695 3.2961 0.6027 26.8659 121.862 19.3468 19.3739 0 0.0010 76.547
65 1.84!3 3.3628 0.6447 24.8460 111.322 19.4513 20.8024 0 0.0011 75.644

i 66 1.6836 3.7871 0.7063 28.1647 104.996 21.7993 24.3946 0 0.0012 76.732
67 1.4758 4.0688 0.7061 28.6060 94.830 22.6968 26.6664 0 0.0011 79.113
68 1.3388 3.7757 0.6780 30.5985 90.168 23.3708 28.5081 0 0.0011 79.785
69 1.1801 4.0313 0.7323 30.5875 83.272 24.4278 31.2381 0 0.0010 79.561
70 1.1148 4.3966 0.7729 32.3660 83.130 26.9107 34.1616 0 0.0011 81.885
71 0.9214 4.4839 0.8176 35.3076 71.221 24.8912 35.1845 0 0.0010 84.303
_2 0.7864 4.1332 0.8423 30.6845 61.326 28.2334 35.3115 0 0.0011 86.588
73 0.8422 4.0157 0.8283 30.2093 6_.908 28.3825 42.2191 0 0.0013 83.230
74 0.6484 3.0504 0.8598 31.5670 50.Z67 21.9930 39.7646 0 0.0012 83.089
75 0.7068 6.8090 0.8500 33.2835 55.420 22.2972 41.4848 0 0.0012 84.120
76 0.7261 14.2123 0.9037 43.7797 51.214 30.7960 56.8109 0 0.0014 87.922
77 0.7115 13.2863 0.9769 48.8151 48.966 29.7696 63.7933 0 0.0011 90.486
78 0.7949 25.8696 0.9217 59.4818 45.5072 36.0598 96.7911 0 0.0011 91.980
79 0.7107 15.1733 0.9394 60.7632 41.7407 34.5535 70.3390 0 0.0009 91.064
80 0.700"7 9.6057 0.9434 61.9278 39.2793 33.6837 72.2651 0 0.0008 91.374
81 0.5566 6.9818 1.0741 56.8581 31.4403 27.3362 53.8553 0 0.0005 94.403
82 0.5066 8.1395 1.0324 48.9354 26.5730 28.0260 52.1715 0 0.0003 95.964
83 0.6432 8.1385 1.0651 58.0019 31.8740 27.9289 71.6385 0 0.0003 97.332
84 0.5236 6.7633 1.0373 49.3414 25.7073 26.2377 57.3603 0 0.0003 98.699
85 0.4866 4.5963 1.1461 45.6705 23.1177 23.3538 53.3602 0 0.0002 100.448
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Table E-22A. Non-Manufacturing Consumption and Output, 1958-1985

SIC=COALMINING

YEAR QOIL QNATGAS QCOAL QELEC QMGAS QLPG QDIST QASPHAL ORESID OUTPUT

58 0 0.7228 5.6050 16.7736 4.6501 2.4690 14.4013 0 1.7783 13.2922
59 0 0.7765 4.9245 16.7486 4.4388 2.3326 14.1527 0 1.7489 13.2831
60 0 0.8376 4.4300 16.8461 4.2576 2.2080 14.0049 0 1.7309 13.3109
61 0 0.8603 3.6493 16.2630 3.9090 1.9982 13.2967 0 1.6444 12.8115
62 0 0.9560 3.1551 17.0262 3.8804 1.9554 13.6853 0 1.6935 13.3638
63 0 1.0957 2.6669 18.3908 3.9610 1.9628 14.5260 0 1.7991 14.5492
64 0 1.1443 2.6591 16.6692 3.3483 1.5649 13.7212 0 1.6944 13.5340
65 0 1.5066 3.4286 19.3653 3.5924 1.5543 16.6231 0 2.0472 15.9564
66 0 1.7262 3.6785 19.6788 3.3302 1.2982 17.6275 0 2.1661 16.4888
67 0 1.9446 3.9867 19.7877 3.0064 1.0035 18.5103 0 2.2691 17.0395
68 0 1.6654 3.7169 20.7763 3.1375 1.0891 19.9894 0 2.7055 16.7740
69 0 1.4515 3.6375 22.6512 3.4023 1.2231 22.3271 0 3.2661 17.1379
70 0 1.2838 3.6490 25.7678 3.8519 1.4245 25.9377 0 4.0390 18.4311
71 0 0.9224 3.2241 24.8862 3.7042 1.4047 25.5177 0 4.1881 16.8432
72 0 0.7223 3.2544 28.2362 4.1864 _.6244 29.4314 0 5.0465 18.0040
73 0 0.8825 3.4938 28.4981 4.7691 1.4714 32.8729 0 5.4948 17.9126
74 0 1.0802 3.9201 29.4992 5.4833 1.3557 37.2223 0 6.0986 18.2782
75 0 1.3486 4.5482 32.1406 6.5529 1.2956 43.9451 0 7.0734 19.5577
76 0 1.6134 5.0299 34.1822 7.5675 1.1925 50.2325 0 7.9313 20.4716
77 0 1.8415 5.6516 35.2646 8.4071 1.0419 55.3238 0 8.6293 20.8371
78 0 1.5530 4.7076 35.1441 7.8163 0.8045 53.7639 0 8.2834 20.0146
79 0 1.5657 5.2336 42.3468 8.7755 0.6960 63.2308 0 9.6116 23.3047
80 0 1.4005 5.1552 46.4745 8.9605 0.4962 67.7577 0 10.1686 24.7670
81 0 1.1107 4.7372 47.3010 8.4707 0.2459 67.3825 0 9.9983 24.4928
82 0 0.8612 4.4431 50.2083 8.3349 0.0000 69.9295 0 10.2342 25.2239
83 0 0.8071 3.8585 47.9439 7.3925 0.0000 65.3214 0 9.4616 23.6703
84 0 0.9079 3.9309 55.2181 7.8909 0.0000 73.6338 0 10.5529 26.3206
85 0 0.9002 3.4851 55.8938 7.3847 0.0000 72.9918 0 10.3495 25.4981
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Table E-22A. Non-Manufacturing Consumption and Output, 1958-1985

SIC-OIL & GAS

YEAR QOIL QNATGAS QCOAL QELEC QMGAS QLPG QDIST QASPHAL QRESID OUTPUT

58 0 176.749 0 15.783 24.6278 35.0137 27.160 0 9.0001 64.664
59 0 178.693 0 17.720 25.3936 37.1225 27.931 0 9.3667 68.443
60 0 171.060 0 18.885 24.2894 36.4408 26.531 0 9.0797 69.500
61 0 167.420 0 20.457 24.5437 37.7073 26.888 0 9.2749 70.604
62 0 165.791 0 22.223 25.3503 39.9332 27.930 0 9.6443 72.453
63 0 159.962 0 23.846 24.4432 39.4158 26.926 0 9.5115 75.086
64 0 160.693 0 25.579 23.2685 35.6347 30.691 0 9.3922 77.852
65 0 158.294 0 26.392 20.9358 29.9405 32.657 0 8.7667 80.370
66 0 157.812 0 27.836 18.2785 23.8438 33.847 0 8.2180 83.597
67 0 157.522 0 33.563 15.7579 17.9741 36.405 0 8.6965 87.769
68 0 163.235 0 37.113 16.4336 19.9420 37.937 0 11.8834 92.779
69 0 170.076 0 40.408 17.4963 22.4058 40.490 0 15.1793 96.085
70 0 173,760 0 44.188 17.3516 23.7998 39.907 0 18.5581 99.953
71 0 171.957 0 45.863 16.7217 24.4977 38.289 0 21.0957 98.685
72 0 174.390 0 48.536 18.0118 27.1778 41.549 0 24.5337 99.456
73 0 190.731 0 53.010 19.7770 25.8987 46.811 0 24.7026 100.577
74 0 204.774 0 56.326 22.7723 25.1856 54.972 0 25.0407 96.554
75 0 212.578 0 59.067 25.8792 24.0345 62.930 0 25.4303 92.782
76 0 225.757 0 62.983 27.8173 22.1525 67.812 0 25.7818 91.826
77 0 242.769 0 68.830 31.5591 20.8567 76.627 0 27.4290 94.304
78 0 248.550 0 81.329 34.7107 22.2914 82.497 0 29.9395 97.598
79 0 251.788 0 89.605 36.2072 22.1009 84.413 0 30.6634 99.589
80 0 256.093 0 100.531 43.4867 23.8364 97.765 0 33.5505 105.918
81 0 260.366 0 111.894 54.2788 25.8315 116.842 0 37.1027 108.380
82 0 248.977 0 118.924 51.7244 24.7546 109.731 0 36.6423 103.920
83 0 238.047 0 125.780 48.0817 23.9392 101.981 0 36.5229 96.726
84 0 239.778 0 134.152 55.8872 24.5590 114.198 0 38.5572 103.763
85 0 231.217 0 138.124 51.9046 21.4368 105.895 0 37.6967 98.932
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Table E-22A. Non-Manufacturing Consumption and Output, 1958-1985

SIC-METAL & OTH MINING

YEAR QOIL QNATGAS QCOAL QELEC QMGAS QLPG QDIST QASPHAL QRESID OUTPUT

58 0 116.615 44.1008 24.5736 13.6299 5.3927 32.3714 0 22.3927 13.2265
59 0 123.612 42.1888 25.8609 13.9017 5.2641 34.7114 0 24.0297 13.5397
60 0 130.043 51.1256 30.3684 13.4580 5.2421 37.5995 0 28.6198 15.3178
61 0 129.516 47.4838 31.6281 12.8165 4.7526 38.0217 0 28.5487 15.1465
62 0 128.758 45.8050 33.3639 12.3632 4.2331 39.2359 0 29.3424 15.4884
63 0 131.831 46.9318 35.5875 11.9904 3.7447 41.3676 0 32.0138 15.9089
64 0 151.920 50.1496 39.9900 12.3563 4.0795 45.7591 0 33.7168 16.9923
65 0 171.822 51.5614 44.6258 12.6721 4.4227 49.9076 0 34.4205 17.9401
66 0 194.597 51.6190 49.5983 12.8266 4.8140 54.0692 0 35.4724 18.8082
67 0 196.497 45.5382 46.7833 11.8706 4.4322 51.9272 0 32.4241 17.4248
68 0 205.231 44.1706 51.4192 11.9458 4.8628 55.9081 0 31.2269 18.4283
69 0 219.898 44.9488 57.8916 11.9111 5.4214 60.4715 0 30.7852 19,3651
70 0 231.627 42.0535 62.6507 11.7805 5.8867 64.0843 0 29.6651 19.8172
71 0 230.746 37.8001 61.2098 11.2031 5.6725 63.4545 0 27.3176 18.9698
_2 0 248.240 36.2828 66.0090 11.1613 6.0614 67.3644 0 26.9581 19.3781
73 0 258.561 44.6366 74.6308 11.9706 5.7314 77.2435 0 30.2068 20.9710
74 0 247.408 47.4042 75.0009 11.1528 4.9567 77.3256 0 30.8862 20.4982
75 0 220.942 46.9977 70.7088 9.5254 3.9498 71.5036 0 29.3430 17.9076
76 0 224.864 51.9082 77.8028 9.8472 3.6633 79.1594 0 31.9266 18.9827
77 0 215.323 56.5266 76.6002 9.7966 3.1559 81.1090 0 33.1354 18.6467
78 0 225.728 67.8656 90.8074 10.2884 4.0424 86.3990 0 31.6042 20.7743
79 0 229.783 84.8346 99.0999 10.1262 4.7646 84.2820 0 29.4039 21.1424
80 0 204.909 88.7913 93.0849 8.6730 4.7809 70.6230 0 23.7418 18.9586
81 0 184.551 93.2357 96.9294 7.8864 5.0783 64.840q 0 19.6534 18.7025
82 0 133.157 72.9771 74.1086 6.2486 4.5292 49.6368 0 12.6722 14.4695
83 0 134.688 85.5905 80.6292 6.3887 4.8530 50.2846 0 12.7035 15.0877
84 0 131.494 99.8405 92.0866 5.9886 4.8186 47.8683 0 12.5297 17.6217
85 0 117.077 99.3416 94.2924 5.8327 4.5407 46.5370 0 11.4843 17.6511
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Table E-22A. Non-Manufacturing Consumption and Output, 1958-1985

SIC-CONSTRUCTION

YEAR QOIL QNATGAS QCOAL QELEC QMGA5 QLPG QDIST QASPHAL QRESID OUTPUT

58 33.1053 85.110 0 19.5442 64.1250 1.4583 158.131 461.041 21.8651 330.073
59 38.9082 97.489 0 21.2501 66.0021 1.7777 163.004 495.486 23.8596 364.278
60 36.4030 93.781 0 22.5808 71.2180 1.8391 169.987 449.523 23.3175 367.596
61 37.2572 95.660 0 23.5361 71.5402 1.8813 172.894 513.262 23.3990 377.236
62 39.7399 99.269 0 25.0750 67.7357 2.0933 177.277 548.533 24.5944 386.585
63 40.2742 101.819 0 26.7810 65.6320 2.1905 184.375 491.607 23.5992 409.802
64 41.2624 103.811 0 28.1117 66.2086 2.2325 183.160 495.990 23.2518 420.257
65 43.9960 108.363 0 29.6095 65.6320 2.3258 182.785 560.173 25.0926 438.988
66 45.0162 107.986 0 30.5649 66.2036 2.4430 195.054 594.119 25.1770 440.324
67 44.5625 105.524 0 30.9402 61.5769 2.6242 184.360 567.276 24.7495 438.049
68 47.3925 111.726 0 31.3156 53.7122 2.8688 175.000 614.896 25.6370 456.037
69 47.8176 112.344 0 31.7284 53.3886 3.3449 181.065 619.674 26.3037 456.928
70 45.7534 107.120 0 31.8956 56.0488 3.4065 172.207 694.620 27.8352 436.325
71 50.3184 115.121 0 33.0591 50.9349 3.6066 175.825 762.989 29.0410 468.140
72 53.5564 122.129 0 34.3489 44.3179 3.7432 186.181 745.087 29.3186 501.098
73 55.0741 122.777 0 36.6383 44.3392 3.7470 204.797 815.481 31.2601 497.099
74 46.9714 107.078 0 39.2997 41.2787 3.4614 180.811 814.658 28.5215 443.606
75 41.5825 99.148 0 40.0469 34.2575 3.1846 178.041 632.709 25.0262 422.744
76 45.5256 106.043 0 40.6304 29.1298 3.3799 199.917 573.384 29.7130 449.733
77 48.3658 114.063 0 41.5999 28.3353 3.4046 239.132 640.348 31.4448 478.554
78 51.1925 111.469 0 46.4243 27.8330 3.5496 249.432 706.003 31.1111 503.451
79 50.0009 100.002 0 47.8330 24.9286 2.5179 221.189 670.702 26.5769 513.900
80 45.0635 82.085 0 44.8307 60.5244 2.5462 194.986 550.297 27.0899 498.193
81 42.3773 70.239 0 44.5105 51.7583 2.7175 158.171 421.421 21.5890 489.151
82 38.8209 56.444 0 42.5206 41.5796 2.9219 160.656 376.569 19.9122 448.010
83 43.0419 63.542 0 49.0038 35.3024 2.9761 166.126 454.631 16.4563 471.470
84 49.0803 71.004 0 57.1652 32.6838 3.1656 196.666 491.276 22.5858 526.581
85 51.5245 75.234 0 62.2028 31.3848 3.2089 198.880 560.868 19.9723 552.301
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Table E-22B. Non-Manufacturing Prices, 1958-1985

Sources: Prices: [97]
Notes: All dollar values are expressed in constant 1987 dollars. The deflator is given

in Table E-22D. Prices are per million Btu.
The mnemonics are as follows: NATGAS and NATGS--Natural Gas;

COAL--Coal; MGAS--Motor Gasoline; LPG--Liquid Petroleum Gas;
DIST--Distillate; ASPHAL and ASPH--Asphalt and Road Oil;

ELEC--Electricity

SIC-AGRI PRODUCTION

YEAR POIL87 PNATGS87 PCOAL87 PELEC87 PMGAS87 PDIST87 PASPH87 PLPG87 PRESID87

58 16.3644 1.16530 • 27.2473 8.6781 4.5807 . 4.14053 .
59 16.1358 1.18098 . 25.7590 8.7138 4.6612 . 4.28733 .
60 15.9585 1.23606 . 24.7991 8.7950 4.4773 . 4.42141 .
61 16.1871 1.34208 . 24.8506 8.6947 4.5437 . 4.50267 .
62 16.8007 1.20576 . 24.6231 8.4413 4.3912 . 4.55108 .
63 15.9916 1.39968 • 24.4594 8.3482 4.3176 . 4.99890 .
64 16.0147 1.34901 . 24.4410 8.1398 4.2644 . 4.78496 .
65 16.3695 1.33992 . 23.4258 7.9673 4.1896 . 4.53002 .
66 16.9355 1.27066 . 21.9312 7.8323 4.0938 . 4.63524 .
67 16.5959 1.28803 . 20.9896 7.7579 3.9949 . 5.09095 .
68 15.8132 1.25008 . 19.8152 7.4423 3.9417 . 4.81486 .
69 14.8406 1.11692 • 18.1225 7.2621 3.8153 . 4.43049 .
70 14.4428 1.15219 . 17.6515 7.1323 3.4444 . 4.38128 .
71 14.9832 1.19577 . 18.1511 7.2686 3.8933 . 4.63490 .
72 14.3891 1.17895 . 16.8446 6.6138 3.5320 . 3.98035 .
73 12.8959 1.08677 . 16.3927 6.7666 3.9465 . 3.66509 .
74 16.0869 1.38060 . 17.3629 8.5602 5.8631 . 7.05352 .
75 15.2195 1.70564 . 18.2878 8.3189 5.7293 6.49014
76 13.4838 2.11894 . 18.7729 8.3864 5.7338 . 6.64328
77 12.4777 2.55474 . 19.2941 8.2856 5.7915 . 7.31991 .
78 12.6228 2.82137 . 19.3766 8.1080 5.5323 7.09733
79 15.5547 3.61092 18.9432 9.9972 7.5069 . 7.23558
80 20.0308 4.09268 . 19.2936 13.0761 9.9360 9.30083 .
81 22.8176 4.50546 . 19.8361 13.3016 10.6006 9.53211
82 20.5802 4.40538 . 21.6490 12.1172 9.5505 9.23836
83 19.4970 5.36652 21.8046 11.0614 8.2783 . 9.64924 .
84 19.3761 4.83685 . 21.9973 10.3677 7.9237 . 9.10984 .
85 18.6511 4.60188 . 22.2607 9.9520 7.3860 . 9.17779 .
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Table E-22B. Non-Manufacturing Prices, 1958-1985

SIC=OTHER AGRICULTURE

YEAR POIL87 PNATGS87 PCOAL87 PELEC87 PMGAS87 PDIST87 PASPH87 PLPG87 PRESID87

58 16.3639 1.16663 2.89145 26.5914 8.6781 4.5805 • 4.14042 1.42045
59 16.1348 1.18230 2.96575 25.3469 8.7138 4.6609 . 4.28731 1.42045
60 15.9576 1.23727 2.85558 24.4610 8.7950 4.4771 . 4.42137 1.39860
61 16.1855 1.34311 2.86832 24.5278 8.6947 4.5436 • 4.50266 1.38265
62 16.7997 1.20684 2.81137 24.2822 8.4413 4.3912 • 4.55102 1.35181
63 15.9911 1.40062 2.85714 24.1547 8.3482 4.3175 . 4.99886 1.33690
64 16.0141 1.34981 2.73139 24.0777 8.1398 4.2644 • 4.78494 1.44404
65 16.3688 1.34068 2.62159 23.0829 7.9673 4.1895 • 4.52998 1.28041
66 16.9335 1.27141 2.66840 21.7415 7.8323 4.0938 • 4.63525 1.41723
67 16.5933 1.28873 2.61745 20.8463 7.7579 3.9949 • 5.09096 1.50015
68 15.8116 1.25080 2.51340 19.7028 7.4423 3.9416 • 4.81483 1.42939
69 14.]408 1.11766 2.52952 18.1751 7.2621 3.8153 • 4.43049 1.47929
70 14.4413 1.15288 2.83723 17.9309 7.1323 3.4443 • 4.38127 1.29132
71 14.9815 1.19664 3.02333 18.5433 7.2686 3.8933 • 4.63490 1.70455
72 14.3863 1.17985 2.89340 17.3443 6.6138 3.5320 • 3.98035 1.64011
73 12.8923 1.08792 2.93492 17.0202 6.7666 3.9465 • 3.66507 1.86254
74 16.0828 1.38205 4.05103 18.8932 8.5602 5.8630 • 7.05351 4.26875
75 15.2157 1.70634 4.28168 19.9319 8.3189 5.7292 • 6.49012 3.72629
76 13.4831 2.11927 4.32152 20.0761 8.3864 5.7337 . 6.64328 3.55094
77 12.4776 2.55504 4.37732 20.6688 8.2856 5.7915 • 7.31991 3.74045
78 12.6220 2.82150 3.78147 20.0384 8.1080 5.5323 • 7.09731 3.32226
79 15.5530 3.61100 3.30582 19.4232 9.9972 7.5069 • 7.23560 4.23442
80 20.0308 4.09289 3.38223 19.7951 13.0762 9.9360 . 9.30083 5.40446
81 22.8173 4.50561 3.79957 20.6723 13.3016 10.6005 • 9.53208 6.08365
82 20.5811 4.40568 3.64826 22.2427 12.1172 9.5505 • 9.23837 5.96659
83 19.4949 5.36672 3.13010 21.9401 11.0614 8.2783 . 9.64924 4.59242
84 19.3771 4.83713 3.21587 22.1903 10.3677 7.9237 • 9.10985 5.49451
85 18.6505 4.60217 2.99385 22.1904 9.9520 7.3860 . 9.17780 5.29661
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Table E-22B. Non-Manufacturing Prices, 1958-1985

SIC=COAL MINING

YEAR POIL87 PNATGS87 PCOAL87 PELEC87 PMGAS87 PDIST87 PASPH87 PLPG87 PRESID87

58 . 1.51862 0.69560 14.9046 7.8678 3.99411 . 2.87993 2.24385
59 . 1.58514 0.65909 14.6757 7.9498 3.83162 . 2.97783 2.26392
60 . 1.61818 0.59489 15.4195 7.9419 3.63109 . 3.20600 2.24294
61 . 1.65695 0.57149 12.6902 7.7886 3.62444 . 2.88149 2.16219
62 . 1.64914 0.53492 13.4352 7.5053 3.38224 . 2.38212 2.17275
63 . 1.60386 0.51696 12.4932 7.0653 3.42677 • 2.47658 1.92498
64 . 1.45092 0.59886 13.2969 7.0102 3.25381 . 2.35168 1.97422
65 . 1.36489 0.65008 13.8881 7.2894 3.16018 • 2.29577 1.92276
66 . 1.27290 0.74056 15.1504 7.1587 3.09224 • 2.51290 1.92405
67 . 1.18904 0.82543 11.4273 7.0916 3.11697 • 2.38078 1.83554
68 . 1.35329 0.76144 9.9430 6.8492 2.98627 • 2.00269 1.75882
69 . 1.49488 0.71779 9.3601 6.7081 2.88819 • 1.81661 1.57753
70 . 1.67272 0.80455 9.3484 6.5666 2.83309 • 1.83916 1.84824
71 . 1.98192 0.80784 9.9553 6.6160 2.92118 • 1.93365 2.33250
72 • 2.14093 0.71196 9.6697 6.0297 2.76416 • 1.90316 2.39648
73 . 2.03362 0.78458 9.5155 6.1212 2.99459 • 2.16871 2.82072
74 . 1.99893 1.36519 11.5588 8.4533 5.14171 • 5.18425 5.27705
75 • 2.11406 1.58157 11.9272 8.6982 5.40170 • 5.46863 5.36161
76 . 2.47675 1.58676 11.9897 8.2506 5.45518 • 7.26449 5.19258
77 . 2.91442 1.51897 13.5378 7.6608 5.59183 • 5.83683 4.84875
78 . 2.95046 1.82997 12.1154 7.3611 5.28999 • 4.70113 4.26761
79 • 3.56353 1.93001 11.8946 9.4603 6.90435 . 5.55986 4.93674
80 . 3.84342 1.97775 12.3991 12.6987 9.15377 . 8.07757 5.95349
81 • 4.01373 2.05787 13.0269 12.7860 9.61315 • 7.66744 7.17099
82 . 4.07199 2.17011 14.0631 10.9596 8.80770 . . 6.24986
83 • 4.20038 2.08049 12.0087 9.2440 7.59189 • • 6.30447
84 • 3.99570 2.09121 13.3973 7.8084 6.67288 . • 5.36130
85 . 3.71316 2.09925 13.1412 7.1512 5.76728 . . 4.39371
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Table E-22B. Non-Manufacturing Prices, 1958-1985

SIC=OIL & GAS

YEAR POIL87 PNATGS87 PCOAL87 PELEC87 PMGAS87 PDIST87 PASPH87 PLPG87 PRESID87

58 . 0.58131 . 14.5747 8.3061 3.76752 . 2.87992 2.14347
59 . 0.63167 . 14.7882 8.4788 3.59975 . 2.97784 2.13335
60 • 0.66999 . 16.0252 8.5819 3.38975 . 3.20600 2.07915
61 . 0.71137 • 13.6576 8.4916 3.36318 • 2.88171 1.97368
62 • 0.73133 . 15.0081 8.2400 3.11763 . 2.38213 1.95034
63 . 0.73209 . 14.5002 7.8520 3.13102 . 2.47653 1.69176
64 . 0.66832 . 15.1712 7.7760 3.00711 • 2.35193 1.78126
65 . 0.63592 . 14.4813 8.1167 2.94750 . 2.29580 1.73142
66 • 0.60300 . 14.5398 8.0069 2.91373 . 2.51288 1.69542
67 . 0.57483 . 12.3324 7.9224 2.99001 . 2.38071 1.66335
68 . 0.58299 . 10.3850 7.5426 2.91372 . 2.00293 1.46873
69 . 0.58144 . 9.4638 7.3161 2.86333 • 1.81651 1.20783
70 . 0.59656 • 9.1165 7.1325 2.85980 • 1.83913 1.25911
71 • 0.65099 • 9.3614 7.1792 3.00671 . 1.93358 1.40173
72 • 0.65625 • 8.7851 6.5491 2.89674 • 1.90308 1.28161
73 . 0.69468 • 8.8044 6.6333 3.04253 • 2.16876 1.59754
74 • 0.76992 • 10.9007 9.1232 5.08253 • 5.18445 3.21850
_5 • 0.92459 • 11.4446 9.3417 5.20164 . 5.46860 3.49231
76 . 1.23199 . 11.6603 8.8083 5.10161 . 7.26457 3.52691
77 . 1.67143 . 13.3315 8.1100 5.08225 • 5.83711 3.43918
78 . 1.74727 • 12.1164 7.7272 4.93301 • 4.70088 3.16019
79 . 2.19403 . 12.0915 9.8362 6.58998 . 5.55952 3.84749
80 . 2.48137 . 12.8628 13.0603 8.94925 . 8.07743 4.95679
81 . 2.73455 . 13.8301 12.9964 9.60744 . 7.66603 6.38389
82 . 2.94013 . 15.3093 11.0017 8.98699 . 7.17828 5.81354
83 . 3.03073 . 12.9110 9.1540 7.90943 . 7.13399 6.15614
84 . 2.88237 . 14.1694 7.6099 7.09896 . 6.47279 5.55376
85 . 2.67583 13.7169 6.8552 6.27607 . 6.86259 4.80373
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Table E-22B. Non-Manufacturing Prices, 1958-1985

SIC=METAL & OTH MINING

YEAR POIL87 PNATGS87 PCOAL87 PELEC87 PMGAS87 PDIST87 PASPH87 PLPG87 PRESID87

58 . 0.88479 1.34008 13.3084 8.4183 3.51138 . 2.87998 1.97421
59 • 0.93406 1.33594 13.3904 8.4790 3.37763 . 2.97779 1.98881
60 • 0.97108 1.29885 14.0063 8.4369 3.22796 . 3.20592 1.98229
61 • 1.00905 1.25655 11.5451 8.2371 3.23035 . 2.88159 1.89447
62 • 1.01962 1.20776 12.3132 7.9013 3.02677 . 2.38218 1.87421
63 • 1.00790 1.18617 11.6355 7.3990 3.07168 . 2.47644 1.62712
64 • 0.96600 1.14203 11.8004 7.2451 2.93478 • 2.35199 1.61093
65 • 0.96237 1.06082 11.7656 7.4390 2.85526 . 2.29577 1.51698
66 • 0.95467 1.05115 12.3814 7.2122 2.80601 . 2.51280 1.47493
67 • 0.94767 1.00916 9.1318 7.0555 2.84292 . 2.38079 1.36244
68 • 0.93275 0.96037 8.1385 6.6716 2.70127 . 2.00282 1.30478
69 • 0.91396 0.94610 7.7951 6.4259 2.58872 . 1.81649 1.16685
70 • 0.91839 1.12984 7.9181 6.2181 2.51913 . 1.83918 1.35876
71 • 0.98350 1.20946 8.6636 6.2084 2.58259 . 1.93362 1.70181
72 • 0.97496 1.16430 8.5782 5.6316 2.42781 . 1.90308 1.73928
73 . 1.04164 1.18280 8.7994 5.7391 2.64125 . 2.16880 2.07389
74 . 1.14913 1.86459 11.0417 7.9848 4.55416 • 5.18454 3.93584
75 . 1.38019 1.91720 11.7209 8.2809 4.80136 . 5.46879 4.06431
76 • 1.86100 1.70193 12.1442 7.8946 4.87623 • 7.26455 4.00018
77 . 2.56881 1.38277 14.1267 7.3571 5.04254 . 5.83721 3.80477
78 . 2.66356 1.72005 13.0963 7.1860 4.84812 . 4.70084 3.45584
79 . 3.30460 1.78656 13.2878 9.3858 6.42342 • 5.55958 4.13029
80 . 3.66980 1.79151 14.3145 12.8073 8.66037 • 8.07756 5.16369
81 • 3.96808 1.86502 15.5942 13.1254 9.23427 . 7.66598 6.44783
82 • 4.21808 1.88244 17.3341 11.4677 8.59463 . 7.17829 5.85805
83 • 4.34961 1.80363 14.8086 9.8513 7.53126 . 7.13403 6.10398
84 • 4.12499 1.86140 16.6182 8.4652 6.74389 . 6.47277 5.34336
85 • 3.86147 1.87969 16.2361 7.9269 5.92719 • 6.86249 4.52399
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Table E-22B. Non-Manufacturing Prices, 1958-1985
SIC=CONSTRUCTION

YEAR POIL87 PNATGS87 PCOAL87 PELEC87 PMGAS87 PDIST87 PASPH87 PLPG87 PRESID87

58 15.1275 2.87427 • 27.8196 7.8080 3.7807 2.44549 3.48463 1.48049
59 15.0070 2.90421 . 27.2474 7.6073 3.5988 2.46477 3.52347 1.53060
60 14.7923 2.96067 • 27.7299 7.5854 3.2641 2.44564 3.57867 1.50760
61 15.0276 2.96519 • 26.1879 7.4193 3.2766 2.42777 3.26871 1.51753
62 15.6018 2.89760 • 25.8216 7.1901 3.2582 2.37637 2.87197 1.45695
63 14.9207 2.85685 • 24.5671 7.0478 3.2420 2.36349 3.03802 1.40874
64 14.9826 2.72499 • 23.1714 6.8587 3.0777 2.49726 3.02845 1.39346
65 15.2896 2.66555 • 21.9811 6.8975 3.0253 2.26157 3.07557 1.42930
66 15.8293 2.57453 • 20.5356 6.8571 2.9687 2.14706 3.24890 1.39431
67 15.5219 2.49731 • 19.7322 6.8733 3.0027 2.03302 3.39252 1.43256
68 14.8211 2.34800 • 18.4328 6.6629 2.9447 1.93378 2.58627 1.40881
69 13.9006 2.23900 • 17.2554 6.4883 2.8842 1.79529 2.28786 1.30977
70 13.4371 2.23261 • 16.7356 6.4179 2.8986 1.74087 3.33820 1.27070
71 13.9988 2.34216 • 17.6515 6.5610 3.0919 2.04557 3.51801 1.70294
72 13.4839 2.27297 • 16.7690 5.9265 2.8037 1.86347 3.20671 1.65659
73 12.0887 2.25421 • 16.3217 6.0246 3.2822 1.74780 3.23610 1.85477
74 15.1619 2.41333 • 18.6031 6.7819 5.1331 3.28236 5.24319 4.12217
75 14.3603 2.74014 • 19.2409 7.8630 5.0155 3.46347 4.90521 3.79912
76 12.7351 3.13640 • 19.3893 7.8341 5.0291 3.39086 5.04048 3.51976
77 11.8336 3.56720 • 20.1330 7.8631 5.3296 3.33284 5.49998 3.87335
78 12.0450 3.64311 • 19.9608 7.6282 5.1497 2.77690 5.40906 3.37649
79 15.0062 4.08191 • 20.1048 9.4635 7.1354 3.39797 5.73661 4.53067
80 19.3213 4.61704 • 21.3374 12.3756 9.4154 4.62889 6.77247 5.69951
81 22.1943 4.94833 • 22.2877 12.5059 10.2859 5.42673 7.06238 6.45583
82 20.1402 5.60753 • 23.1179 12.3720 9.2380 5.01359 7.06752 5.56361
83 19.1764 6.22763 • 22.8814 11.4845 7.5692 4.96052 7.35843 5.16675
84 19.0071 5.92251 • 22.9958 10.7704 7.1745 5.49839 6.96599 5.17548
85 18.3298 5.64773 • 22.5712 10.1543 6.6550 5.24512 7.10115 4.43873
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Table E-22C. Manufacturing Consumption and Output, 1958-1990

Sources: Consumption, 1958-1985" [97]
Consumption, 1988: [99]

Output and Deflator: U.S. Department of Commerce and Dill, Inc.

Notes: All dollar values are expressed in constant 1987 dollars. Prices are per million

Btu and quantities are trillion Btus. Output is billion dollars.

The mnemonics are as follows: NATGAS and NATGS--Natural Gas;

COAL--Coal; ELEC--Electricity; OIL--All 0il Products;

OUTPUT--Value of Output; DOLS', -Deflator for 1987 Dollars.

SIC-FOOD

YEAR OUTPUT QOIL QNATGAS QCOAL QELEC

58 171.828 151.902 295.667 250.559 53.391
59 178.297 145.648 311.604 243.253 57.762
60 183.761 149.388 316.156 240.428 60.956
61 187.761 134.336 316.291 226.954 63.317
62 192.475 134.048 338.979 217.326 65.016
63 197.419 131.767 345.946 208.311 68.247
64 205.617 147.716 387.690 220.185 77.695
65 205.665 140.824 390.580 215.394 75.696
66 209.827 140.354 418.515 209.965 80.435
67 224.283 138.899 452.915 211.206 83.257
68 227.615 160.203 542.923 219.182 91.777
69 231.617 156.925 508.301 176.249 99.324
70 233.717 154.932 558.146 149.321 115.108
71 240.021 155.129 586.322 135.308 115.279
72 254.265 194.276 543.972 130.916 117.299
73 250.845 198.139 520.249 125.641 121.628
74 260.037 154.459 527.554 88.887 125.818
75 257.792 179.413 501.474 93.101 130.677
76 274.466 198.236 484.744 94.199 133.280
77 277.138 216.734 466.095 99.834 136.638
78 284.726 230.512 464.735 111.369 138.262
79 283.657 161.002 506.265 112.540 134.895
80 287.826 125.077 527.164 122.602 140.296
81 291.994 102.466 512.771 116.723 141.352
82 302.254 104.311 526.540 118.381 156.771
83 303.857 100.408 554.659 121.138 149.786
84 306.316 88.009 553.173 128.893 154.723
85 316.148 76.961 480.964 121.100 154.884
86 318.500 0.0 0.0 0.0 0.0
87 333. 677 0.0 0.0 0.0 0.0
88 341.586 89.1 488.1 149.6 171.3
89 340.410 0.0 0.0 0.0 0.0
90 347.143 0.0 0.0 0.0 0.0
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Table E-22C. Manufacturing Consumption and Output, 1958-1990

SIC=TOBACCO

YEAR OUTPUT QOIL QNATGAS QCOAL QELEC

58 28.5615 2.1466 1.2262 5.9576 1.1157
59 29.4756 2.2781 1.4311 6.5861 1.1908
60 32.4867 2.5203 1.5589 7.2039 1.2522
61 29.1509 2.2434 1.5418 6.9939 1.2863
62 32.3128 2.3850 1.7161 7.3750 1.3580
63 32.3548 2.7490 2.1321 8.5025 1.7435
64 33.0059 2.9286 2.3230 8.6889 1.9176
65 32.5611 3.1251 2.6851 9.6957 2.0916
66 31.9486 3.1076 2.9441 9.6608 2.3031
67 32.1733 3.0580 3.2615 9.9614 2.5147
68 31.5166 3.6445 3.6847 8.4880 2.5761
69 30.3692 4.5151 3.9434 7.0196 2.7057
70 30.8464 5.2169 4.8237 6.3329 2.9036
71 31.3664 5.0656 4.7199 5.0587 3.0981
72 32.4133 6.6132 4.1284 4.1031 3.2960
73 33.9001 7.3256 4.1582 3.7593 3.8692
74 34.3462 6.8959 5.6341 3.7573 3.5076
75 34.6435 7.8625 3.5827 3.7017 3.6543
76 35.6843 8.7214 3.1750 4.0473 3.8351
77 33.0080 9.7534 3.1714 6.2120 4.2650
78 32.8593 7.5200 2.3080 7.9621 4.3189
79 32.2646 5.0474 3.5352 7.6447 4.5083
80 33.3054 3.2772 4.2578 9.6439 4.7526
81 32.8593 3.1017 4.1601 9.4559 4.8519
82 34.7922 2.9974 3.8226 9.6429 4.9798
83 30.7777 3.1927 4.1406 11.7259 5.2033
84 30.6290 2.7580 3.8002 11.7268 4.8734
85 30.4804 2.9785 3.7022 12.7723 5.0713
86 28.9935 0.0000 0.0000 0.0000 0.0000
87 29.1422 0.0000 0.0000 0.0000 0.0000
88 30.7777 2.0000 2.1000 16.9000 2.9000
89 29.5883 0.0000 0.0000 0.0000 0.0000
90 30.4804 0.0000 0.0000 0.0000 0.0000
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Table E-22C. Manufacturing Consumption and Output, 1958-1990

SIC=TEXTILE MILLS

YEAR OUTPUT QOIL QNATGAS QCOAL QELEC

58 27.9009 65.852 38.866 87.5482 39.387
59 30.8180 63.372 42.594 83.2451 43.359
60 30.0388 65.173 44.122 80.0699 43.744
61 30.8008 59.417 45.954 75.5246 44.257
62 32.9319 61.878 51.301 72.4159 46.756
63 33.8331 62.988 57.619 73.1662 48.917
64 35.8797 69.447 66.000 75.8023 53.513
65 37.7765 68.656 71.797 77.1532 56.558
66 40.4285 68.916 80.744 76.1743 61.268
67 40.5411 70.459 95.327 80.3793 67.304
68 42.2793 75.696 100.432 69.3696 73.448
69 42.4589 83.759 102.523 59.7630 77.607
70 41.8188 80.170 110.809 49.3247 79.248
71 43.0861 86.989 124.639 46.1105 82.432
72 45.2852 106.284 117.586 36.3150 91.791
73 43.7786 100.055 109.555 30.0336 96.121
74 41.3051 71.131 110.551 25.8341 88.686
75 40.3376 83.206 96.044 27.2393 87.929
76 46.0386 100.766 85.721 31.9033 92.971
77 50.3404 112.692 82.453 34.6803 91.873
78 50.4469 109.494 85.307 30.3244 91.791
79 51.3069 74.997 108.668 31.4901 90.491
80 49.4791 52.972 112.598 33.4150 87.794
81 49.1566 45.414 111.245 36.7008 87.277
82 44.7460 38.423 97.461 34.5946 81.502
83 50.2316 38.471 111.972 42.0542 89.159
84 50.9840 32.513 112.304 43.9094 90.760
85 48.1868 27.987 99.353 40.1512 87.092
86 50. 0153 0.000 0.000 0.0000 0.000
87 55. 8235 O. 000 O.000 O.0000 O. 000
88 55.5005 28.400 92.900 38.7000 101.500
89 55.8228 0.000 0.000 0.0000 0.000
90 54.6400 0.000 0.000 0.0000 0.000
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Table E-22C. Manufacturing Consumption and Output, 1958-1990

SIC=APPAREL & OTHER

YEAR OUTPUT QOIL QNATGAS QCOAL QELEC

58 35.6720 10.7751 7.6347 13.4148 7.2965
59 38.5674 9.9445 8.3153 12.2417 7.7567
60 38.9655 9.7842 8.6877 10.9323 7.9955
61 39.3384 7.8517 8.4152 8.5015 8.1312
62 41.8996 8.4399 10.5115 7.5417 9.1090
63 44.6091 8.3152 i1.3307 7.1133 9.8174
64 46.1517 9.8676 14.0002 7.8972 11.3363
65 48.8970 10.1762 15.7052 8.3547 11.3449
66 51.2732 11.3307 19.0763 9.1083 12.5243
67 53.6111 13.9490 24.5518 10.8618 14.1482
68 55.7218 17.3486 32.1074 12.1956 17.7555
69 57.9511 15.5199 28.3947 9.1708 18.6192
70 55.4421 14.6783 28.6873 7.5714 20.6730
71 58.5742 14.6903 29.9120 6.7252 22.2797
72 64.8665 16.7597 27.4109 4.9195 24.2992
73 66.7991 15.6225 24.8448 3.2882 25.0772
74 62.1602 12.4526 25.7935 1.9645 24.8392
75 61.0561 12.0509 23.2079 2.1080 26.0354
76 64.6676 13.9670 20.2812 2.0623 25.7064
77 71.3467 15.8817 21.8967 2.5091 24.9200
78 73.9034 15.4107 25.5735 2.3149 23.0091
79 68.5582 10.2104 24.5615 2.0627 20.2720
80 69.6568 8.4767 24.4435 2.7885 20.6412
81 69.7535 10.2823 24.1603 3.3585 20.6655
82 69.3229 7.3766 19.5872 2.8575 21.6088
83 72.5839 7.6706 20.3757 2.9638 21.3209
84 74.1332 6.7524 20.3444 2.5927 24.0453
85 72.1786 5.8358 17.0990 2.2309 20.9077
86 73.0181 0.0000 0.0000 0.0000 0.0000
87 84.7468 0.0000 0.0000 0.0000 0.0000
88 79.6005 5.1000 21.7000 2.9000 22.7000
89 77.2262 0.0000 0.0000 0.0000 0.0000
90 74.9542 0.0000 0.0000 0.0000 0.0000

Energy Information Administration

NEMS Industrial Demand Model Documentation Report E-(_



Table E-22C. Manufacturing Consumption and Output, 1958-1990

SIC=LUMBER & WOOD

YEAR OUTPUT QOIL QNATGAS QCOAL QELEC

58 30.7633 48.1945 17.777 17.9534 12.5147
59 33.2236 48.9260 22.895 18.6026 14.0989
60 32.4591 39.5498 21.976 14.6096 14.5108
61 32.5008 30.8894 23.038 11.5903 15.4888
62 33.7677 26.3917 26.965 8.7991 16.5301
63 36.4296 38.9492 46.663 11.9362 17.1470
64 38.2695 45.8226 58.770 12.6414 19.9337
65 39.2432 49.5655 69.374 13.3968 19.9938
66 39.1652 53.1392 80.065 13.3531 22.8024
67 41.2446 59.4374 96.487 14.4964 25.9018
68 41.7938 69.6936 122.006 14.7411 30.6646
69 40.7397 68.5783 121.556 12.3782 32.7557
70 42.6614 58.2375 114.959 9.3042 35.7653
71 42.0645 51.8058 109.416 7.7854 39.6885
72 49.9018 63.3435 100.709 7.6262 46.3369
73 49.5615 66.7308 97.546 7.9329 46.5930
74 47.5708 52.9662 93.003 7.4680 50.7672
75 45.1118 56.4044 88.991 3.8294 49.4449
76 49.2211 57.9518 81.382 4.1631 53.1662
77 55.3211 53.2785 67.252 4.1615 55.1220
78 56.1408 59.5536 72.101 3.6131 56.8729
79 54.5014 49.8665 79.912 3.1163 54.8158
80 54.1501 44.2338 62.625 2.7712 50.0445
81 51.8082 40.0833 49.692 2.3613 49.5689
82 49.7005 30.4752 37.068 1.7359 49.8739
83 53.6817 32.8984 38.849 2.0818 52.7045
84 56.8434 34.2220 36.256 2.1277 57.0902
85 57.0885 33.6109 29.572 1.9334 57.2043
86 61.1869 0.0 0.0 0.0 0.0
87 71.8317 0.0 0.0 0.0 0.0
88 71.1291 28.5 35.1 2.3 56.1
89 68.9043 0.0 0.0 0.0 0.0
90 67.4882 0.0 0.0 0.0 0.0
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Table E-22C. Manufacturing Consumption and Output, 1958-1990

SIC=FURNITURE & FIXTURES

YEAR OUTPUT QOIL QNATGAS QCOAL QELEC

58 13.7162 4.6066 7.2165 15.3195 4.4220
59 14.9030 4.0702 6.7211 13.5100 4.9474
60 14.6784 4.3583 6.7631 12.6502 5.0122
61 14.3290 4.1060 6.6361 11.1605 4.9986
62 15.5705 5.0781 8.2242 11.5219 5.3160
63 16.3812 4.7813 7.1562 12.5314 5.5787
64 17.5395 5.3314 6.7829 14.9921 6.3805
65 19.0497 5.6072 6.7313 18.1537 6.7797
66 20.4152 6.1316 6.7467 20.9864 7.1413
67 20.4431 6.6675 6.8621 24'.6387 7.8443
68 21.3465 6.2218 9.0617 18.9851 9.0316
69 22.4744 6.5R54 11.8219 14.5948 10.8434
70 21.1279 7.4205 17.4280 11.6934 11.5668
71 21.9636 7.6583 23.9831 8.5590 11.4781
72 26.3340 12.1826 26.1966 7.5180 11.8261
73 27.8197 10.5125 23.7421 4.5776 12.9759
74 25.0724 9.1489 27.5332 3.4157 13.6959
75 21.7550 9,2679 20.7796 3.1158 13.2557
76 24.0431 9.3976 20.381] 2.4866 13.5423
77 27.2607 10.5042 2]..6884 3.7825 14.2964
78 29.6677 10.7214 23.6545 3.3655 14.5174
79 29.2166 9.5529 23.0160 2.9297 13.7599
80 28.6575 7.5427 21.6080 2.9027 13.4828
81 28.7737 6.2924 19.9374 3.1919 14.1366
82 27.3097 5.3323 19.5669 2.6643 13.6467
83 29.0224 4.7866 21.1612 2.3780 14.56 ¢
84 31.7889 4.4619 22.9489 2.5822 15.5140
85 31.9132 3.7566 22.0248 2.2669 15.2690
86 32.9370 0.0000 0.0000 0.0000 0.0000
87 36.6247 0.0000 0.0000 0.0000 0.0000
88 36.7463 5.8000 22.7000 2.9000 19.3000
89 37.3218 0.0000 0.0000 0.0000 0.0000
90 36.8680 0.0000 0.0000 0.0000 0.0000
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Table E-22C. Manufacturing Consumption and Output, 1958-1990

SIC=PAPER

YEAR OUTPUT QOIL QNATGAS QCOAL QELEC

58 40.478 162.359 219.762 356.677 42.439
59 44.747 165.426 233.677 356.423 47.888
60 44.925 183.178 236.683 364.801 50.924
61 46.759 176.742 242.459 366.907 53.303
62 49.250 194.010 269.310 376.074 57.629
63 52.239 206.175 286.354 361.801 63.037
64 54.700 232.429 303.778 354.762 69.291
65 58.400 258.205 339.186 370.190 73.270
66 62.634 273.244 373.104 361.385 82.455
67 63.004 273.202 399.285 346.858 88.228
68 66.817 314.368 423.991 321.439 99.341
69 70.965 385.758 428.889 289.017 107.496
70 69.175 370.768 456.209 246.758 112.870
71 69.661 413.046 506.301 245.,553 119.114
72 74.782 552.935 432.224 215.092 125.528
_3 81.681 548.340 379.555 197.680 129.984
74 83.770 476.254 447.243 226.671 139.449
75 73.399 468.177 391.229 202.395 133.482
76 81.317 521.891 371.879 225.035 148.280
77 85.196 521.977 363.792 241.248 152.040
78 88.828 527.736 356.205 212.696 155.625
79 89.558 446.800 428.534 213.834 157.502
80 88.168 385.318 432.824 230.854 169.523
81 89.294 295.603 451.671 249.421 178.102
82 87.461 262.680 419.327 269.340 172.442
83 93.352 246.110 452.770 334.271 176.792
84 98.759 208.670 461.134 376.558 182.902
85 96.382 184.811 420.024 380.566 179.642
86 100.433 0.000 0.000 0.000 0.000
87 105.844 0.000 0.000 0.000 0.000
88 109.448 194.800 428.300 309.000 189.400
89 109.599 0.000 0.000 0.000 0.000
90 110.047 0.000 0.000 0.000 0.000

Energy Information Administration
NEMS Industrial Demand Model Documentation Report E-63



Table E-22C. Manufacturing Consumption and Output, 1958-1990

SIC=PRINTING

YEAR OUTPUT QOIL QNATGAS QCOAL QELEC

58 32.2723 9.3231 15.0242 4.1582 10.2498
59 34.4821 8.1611 14.2498 3.4740 11.2597
60 35.5699 8.8202 15.2730 3.4410 11.8705
61 36.3297 8.4010 15.8913 3.1745 12.7712
62 37.7051 9.2458 18.3266 3.1288 13.6959
63 37.8533 9.4378 18.8360 2.6941 13.9859
64 39.9517 10.4953 20.4057 2.4108 15.8147
65 41.9285 11.3040 22.6277 2.2176 16.3129
66 44.2969 12.0259 24.9670 1.8414 17.2512
67 46.4596 13.1985 28.8762 1.5636 19.8478
68 47.2847 13.5653 34.4047 1.3812 23.5566
69 49.2536 14.5217 40.1501 1.1868 25.7540
70 47.1820 13.2763 46.5750 0.9474 31.0460
71 47.4329 11.0250 46.4517 0.6898 30.9505
72 50.9241 12.6705 42.9888 1.2233 31.2541
73 52.9805 11.9831 39.1984 1.8668 33.3935
74 51.6499 8.2285 33.5995 2.1282 30.6843
75 48.9888 10.5016 34.9056 1.9973 33.8985
76 51.1661 8.5941 27.9601 1.8517 34.5399
77 56.9721 10.8352 33.8625 1.7946 36.0105
78 60.6009 10.9040 34.3426 1.5142 35.2999
79 61.3267 10.7101 39.1211 1.4392 32.3741
80 62.0525 9.0515 39.9787 0.9079 32.9439
81 63.6249 8.5820 40.7663 0.5732 35.1514
82 66.7699 8.9536 42.8204 0.7105 36.2972
83 69.5520 8.0254 46.1929 0.9289 36.4644
84 73.6646 6.8667 52.0422 1.3046 42.9001
85 76.2048 4.5614 45.2660 1.2797 42.2501
86 78.1401 0.0000 0.0000 0.0000 0.0000
87 85.7606 O.0000 O. 0000 O. 0000 O.0000
88 86.9702 4.4000 48.5000 0.0000 58.2000
89 86.4864 0.0000 O. 0000 0.0000 0.0000
90 87.9379 0.0000 O. 0000 O. 0000 0.0000
78 52.0214 0 0 0 0
79 53.5913 0 0 0 0
80 48.6674 0 0 0 0
81 49.2383 0 0 0 0
82 44.2431 0 0 0 0
83 47.3830 0 0 0 0
84 48.6674 0 0 0 0
85 45.5990 0 0 0 0
86 46.6694 0 0 0 0
87 55.6607 0 0 0 0
88 59.0146 0 0 0
89 58.7292 0 0 0 0
90 60.4418 0 0 0 0
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Table E-22C. Manufacturing Consumption and Output, 1958-1990

SIC=BULK CHEMICALS

YEAR OUTPUT QOIL QNATGAS QCOAL QELEC

58 41.398 72.991 544.47 430.527 259.144
59 47.582 78.318 627.02 468.508 268.377
60 48.080 85.875 644.89 488.381 272.321
61 49.306 81.879 648.66 486.200 280.226
62 53.469 87.979 723.84 508.898 277.176
63 57.706 92.586 815.10 512.820 288.719
64 63.169 99.306 895.70 509.629 264.029
65 68.365 100.883 1006.82 534.089 287.044
66 73.107 100.812 1138.49 524.257 285.986
67 73.897 97.674 1229.36 500.565 298.208
68 78.554 113.069 1271.66 480.050 294.069
69 83.093 142.459 1293.89 464.231 302.558
70 80.604 148.631 1338.01 420.463 277.793
71 81.843 166.434 1357.02 431.807 307.884
72 98.617 231.928 1369.07 363.185 353.264
73 111.465 253.434 1432.54 330.763 378.393
74 115.046 247.335 1736.57 334.424 380.014
75 94.162 239.004 1515.07 295.949 384.129
76 107.061 291.767 1598.64 286.327 439.741
77 119.188 353.913 1444.02 312.010 451.922
78 124.531 350.729 1382.50 277.076 442.717
79 128.580 245.156 1483.67 298.699 440.068
80 118.984 160.434 1455.70 296.903 403.629
81 120.596 123.195 1399.60 329.349 399.010
82 107.331 112.071 1226.45 302.697 360.821
83 117.065 104.678 1245.26 342.118 384.733
84 122.405 91.675 1321.74 359.182 413.997
85 115.260 79.333 1101.01 317.709 388.113
86 117.058 0.000 0.00 0.000 0.000
87 135.943 0.000 0.00 0.000 0.000
88 142.411 112.600 1439.00 263.800 394.100
89 142.231 0.000 0.00 0.000 0.000
90 144.887 0.000 0.00 0.000 0.000
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Table E-22C. Manufacturing Consumption and Output, 1958-1990

SIC=OTHER CHEMICALS

YEAR OUTPUT QOIL QNATGAS QCOAL QELEC

58 27.576 37.8796 48.539 58.1655 9.3900
59 30.998 35.8647 50.165 52.8097 10.4989
60 31.067 37.8451 50.996 50.0066 10.8264
61 31.992 35.9967 53.362 47.0972 11.4098
62 34.295 36.7406 57.376 45.1935 12.1536
63 37.156 37.4775 59.203 43.9460 13.4400
64 39.421 41.0862 62.488 47.0354 14.2998
65 42.862 46.5062 72.244 57.0397 15.5827
66 46.141 44.9279 73.074 57.3847 16.7871
67 48.457 45.1735 78.724 63.8537 18.0905
68 51.986 46.8967 85.782 57.9596 20.4176
69 54.412 68.4887 119.444 67.8986 23.1575
70 56.361 51.5224 102.245 45.4272 25.1671
71 57.339 55.3534 115.444 44.6088 26.4944
72 63.552 69.1267 109.179 42.0245 29.9370
_3 67.017 66.0635 100.029 38.5132 31.0358
74 67.570 59.4779 116.929 36.6531 30.1998
75 65.004 57.1824 103.079 36.4044 30.2953
76 71.233 60.9729 103.749 39.3619 31.9808
77 74.649 71.6689 98.314 42.4351 33.2262
78 79.036 73.8884 99.536 40.2356 35.5346
79 81.125 57.5152 124.130 31.0504 38.3110
80 78.075 43.8064 118.636 31.0846 35.3442
81 79.698 37.0713 123.241 32.3088 37.7715
82 80.731 32.9311 125.210 32.1186 37.5995
83 81.948 31.5049 141.402 34.5686 37.6092
84 85.531 26.3222 140.829 35.7468 40.2374
85 85.676 22.9310 128.080 33.5830 39.5747
86 90.574 0.0 0.0 0.0 0.0
87 97. 650 O. 0 0.0 0.0 0.0
88 101.210 10.8 72.9 25.6 21.6
89 101.797 0.0 0.0 0.0 0.0
90 104. 697 O. 0 O.0 0.0 0.0
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Table E-22C. Manufacturing Consumption and Output, 1958-1990

SIC=SIC 29, COAL & MISC

YEAR OUTPUT QOIL QNATGAS QCOAL QELEC

58 5.5963 13.4733 12.8236 4.1338 1.2965
59 5.9271 16.1308 16.9382 4.7286 1.6378
60 6.5518 18.6480 19.3915 4.9759 1.9449
61 6.0346 16.4220 18.6919 4.2658 2.1018
62 6.4247 15.4767 18.5216 3.6006 1.7230
63 7.2985 17.7127 21.4366 3.8805 1.9210
64 7.6821 18.8696 21.9381 3.6664 2.1940
65 7.7659 19.2329 22.5649 3.6101 2.3270
66 7.9568 19.7473 23.9221 3.380.0 2.3543
67 8.4925 23.1251 29.5122 3.8080 2.4293
68 8.8124 19.1169 27.3581 2.2852 2.8695
69 9.0783 18.7534 27.9788 1.4393 3.0878
70 9.7808 18.5169 33.0874 0.8976 3.4598
71 9.9284 18.5605 37.5944 0.4088 3.6372
72 10.9101 23.1248 39.5528 0.2294 3.7600
73 11.5258 22.9016 39.7127 0.2813 3.9887
74 11.0370 17.3200 44.1506 0.2627 4.8314
75 10.5311 20.0935 43.7087 0.4261 4.9680
76 11.8894 20.6173 36.3583 0.1852 4.8996
77 13.3446 27.3642 39.0800 0.4417 5.7015
78 14.8881 33.4646 43.1471 0.5976 5.9154
79 15.0150 25.2291 47.7901 0.5111 5.7462
80 13.3617 20.4287 47.2774 0.5056 5.8103
81 13.3788 18.1480 41.3786 0.3045 5.3989
82 13.6695 25.0616 37.6527 0.2114 6.3941
83 13.7450 30.1836 33.6203 0.1834 6.2170
84 13.8548 29.2031 27.1544 0.1001 5.8297
85 14.6771 33.6229 21.0568 0.0399 5.9335
86 14.9893 0.0000 0.0000 0.0000 0.0000
87 16.6468 0.0000 0.0000 0.0000 0.0000
88 16.2335 3.8000 4.5000 1.8000 2.1000
89 16.0397 0.0000 0.0000 0.0000 0.0000
90 15.9257 0.0000 0.0000 0.0000 0.0000
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Table E-22C. Manufacturing Consumption and.Output, 1958-1990

SIC=RUBBER & MISC

YEAR OUTPUT QOIL QNATGAS QCOAL QELEC

58 16.9488 21.2678 20.623 65.0229 17.354
59 20.3130 21.5195 22.665 63.1111 19.643
60 20.6650 23.2547 24.100 62.4835 20.598
61 20.9052 21.9780 24.875 58.7289 21.404
62 23.2367 24.9176 29.427 60.1173 24.021
63 24.5082 24.6960 31.247 57.4166 25.259
64 26.6332 26.7227 34.401 57.0803 27.549
65 29.5901 29.2689 41.010 63.0737 31.247
66 32.1093 28.8975 44.597 60.i090 38.389
67 33.4824 29.5922 51.751 62.1640 36.475
68 38.7804 30.5804 56.935 55.3479 43.295
69 43.0644 35.4330 64.688 49.8445 47.608
70 42.1248 35.7081 76.943 41.1637 50.733
71 46.4666 39.3990 91.607 37.6084 55.056
72 48.6545 61.4843 98.788 42.3304 61.727
73 54.6428 63.3141 89.245 40.3289 68.227
74 52.9477 50.0817 91.848 35.3920 64.740
75 45.5273 55.7432 79.126 27.4032 64.122
76 49.6261 64.0211 76.506 25.6329 67.387
77 59.3543 77.2621 83.173 28.6858 76.965
78 62.4027 68.0194 86.974 22.2128 78.375
79 60.5247 49.7873 94.440 20.5321 77.925
80 54.7879 33.2143 89.903 20.5650 73.9J7
81 58.5519 24.1453 95.245 19.1741 78.180
82 59.4400 23.1073 93.784 14.8524 105.079
83 63.0725 22.7199 103.417 13.0115 109.320
84 71.9617 20.7347 109.363 10.6580 100.827
85 73.1435 18.1597 98.817 7.1929 102.710
86 74.5963 0.0000 0.000 0.0000 0.000
87 84.7828 0.0000 0.000 0.0000 0.000
88 87.1580 22.2000 110.400 8.3000 106.800
89 87.6952 0.0000 0.000 0.0000 0.000
90 89.2908 0.0000 0.000 0.0000 0.000
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Table E-22C. Manufacturing Consumption and Output, 1958-1990

SIC-LEATHER

YEAR OUTPUT QOIL QNATGAS QCOAL QELEC

58 14.4596 9.5041 4.8844 15.5870 2.6341
59 14.8872 8.7862 5.0110 13.2687 2.6989
60 14.4472 9.7302 5.6301 12.7740 2.7057
61 14.2231 8.8463 5.8678 11.1109 2.8388
62 14.4139 9.1670 6.5399 9.9326 3.0231
63 14.3713 8.5749 6.3686 8.6508 3.1766
64 14.9945 9.3603 6.8057 8.3625 3.2892
65 15.3241 10.4295 7.8781 8.9737 3.5928
66 15.4872 10.8778 8.7675 8.7275 4.0603
67 15.8542 10.6962 9.3691 8.3978 4.5005
68 16.4358 12.6646 10.8343 8.9401 4.9304
69 15.6101 11.4455 9.0649 6.2622 5.1146
70 14.6560 12.9621 11.0830 5.2109 6.1178
71 14.1438 11.2058 9.4883 3.9856 5.0601
72 14.1274 11.5544 8.0587 3.3895 5.4217
73 13.8939 9.3901 6.4919 2.5573 5.4217
74 13.6604 7.4598 6.5888 1.6028 5.1249
75 13.1934 8.7012 6.9607 1.5179 5.2102
76 13.4269 8.7165 6.4523 1.3491 5.1522
77 13.6604 8.9150 6.6498 1.4357 4.8349
78 13.5436 8.2258 6.4025 1.4324 4.7484
79 11.7923 6.4695 7.4277 1.1977 4.3373
80 12.3761 6.1921 6.8478 1.1187 4.6437
81 12.4928 5.3356 6.4375 1.0094 4.5055
82 11.4420 5.3669 6.1497 0.8518 4.0804
83 11.3253 5.8584 6.9291 0.8005 4.0920
84 10.3912 4.8981 5.8589 0.5807 4.0426
85 9.4572 4.6778 5.0014 0.4062 3.549,5
86 8.2896 0.0 0.0 0.0 0.0
87 9.5739 0.0 0.0 0.0 0.0
88 9.3404 4.5 5.2 1.3 4.7
89 9.1069 0.0 0.0 0.0 0.0
90 8.6399 0.0 0.0 0.0 0.0
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Table E-22C. Manufacturing Consumption and Output, 1958-1990

SIC=GLASS

YEAR OUTPUT QOIL QNATGAS QCOAL QELEC

58 7.6439 13.7537 133.399 16.0004 9.0009
59 9.0441 14.3365 151.606 16.5739 10.8059
60 9.1041 15.2502 157.696 16.4626 11.2597
61 9.0119 13.4100 154.679 14.8310 11.4132
62 9.4551 13.1343 160.967 13.3097 12.4983
63 10.1587 13.2695 167.074 11.8887 12.9623
64 10.6604 14.0718 175.379 10.9992 13.8767
65 11.5030 13.7386 182.487 10.4951 15.1665
66 12.3238 13.8387 199.405 10.0392 16.4528
67 12.3030 12.4679 198.647 9.0283 16.6166
68 12.5695 12.2575 207.941 8.2369 16.6166
69 13.2028 13.2254 218.636 7.3731 19.9842
70 12.8236 12.2516 226.355 5.6846 21.4036
71 13.4119 12.7587 240.335 4.4200 22.2600
72 14.6426 27.5614 235.776 3.7718 24.4028
73 15.8628 36.7186 224.460 2.6085 26.4057
74 14.8644 33.6322 220.138 0.7357 26.6752
75 14.4207 37.7946 201.245 0.4794 27.0608
76 15.6409 40.5573 212.415 0.2645 29.2922
77 16.0846 46.6721 203.073 0.4141 30.4762
78 16.9721 40.5628 214.440 0.2327 32.3823
79 16.3065 20.4635 223.781 0.2300 32.5095
80 15.5300 10.3781 217.979 0.3498 31.4777
81 15.5300 8.3076 212.616 0.2075 32.3553
82 14.0879 8.1903 203.013 0.2083 31.1857
83 14.3098 8.8612 223.471 0.2723 30.6070
84 14.4207 7.9003 205.523 0.2941 31.1952
85 14.5316 7.0484 177.069 0.2753 30.4251
86 14.6426 0.0000 0.000 0.0000 0.0000
87 16.1956 0.0000 0.000 0.0000 0.0000
88 16.4174 20.8000 213.800 8.4000 34.8000
89 16.4174 O. 0000 0.000 0.0000 0.0000
90 16.4174 0.0000 0.000 0.0000 0.0000
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Table E-22C. Manufacturing Consumption and Output, 1958-1990

SIC=CEMENT

YEAR OUTPUT QOIL QNATGAS QCOAL QELEC

58 3.8479 27.2118 164.048 194.120 17.1182
59 4.2135 25.1487 183.022 201.203 18.2714
60 3.8863 24.0349 179.100 196.932 18.5034
61 3.8608 19.4952 174.522 187.174 19.0323
62 3.9532 19.1014 193.462 189.490 20.1753
63 4.1590 19.5349 203.062 203.640 22.2464
64 4.2704 20.2797 204.915 211.019 23.5737
65 4.4345 19.8706 207.704 225.735 24.8771
66 4.4496 18.8276 210.156 225.932 26.0542
67 4.3408 16.8192 205.611 223.362 25.5731
68 4.4718 23.5718 213.289 213.079 26.7946
69 4.5692 34.2076 213.892 199.252 28.3266
70 4.1489 36.3475 216.802 173.930 28.4119
71 4.3349 42.3494 223.542 175.778 29.0534
72 4.7952 63.9824 218.041 183.618 32.3426
73 4.9992 60.7655 199.547 179.498 33.4617
74 4.8972 45.3548 234.377 191.910 33.7961
75 4.1830 33.3328 165.827 192.275 30.0053
76 4.2851 36.6177 134.167 228.527 31.1859
77 4.5911 42.1052 95.347 292.103 33.5163
78 4.8972 39.4306 85.716 292.446 35.5305
79 4.9992 22.0879 76.000 311.967 35.2381
80 4.3871 14.3828 59.958 285.571 31.5197
81 3.9790 6.3644 47.821 299.145 30.4460
82 3.5709 5.2710 32.363 248.414 28.7318
83 3.6729 5. 0819 26.129 257.254 28.3554
84 3.8770 5 3652 22.660 290.111 31.1519
85 3.9790 5.5093 15.973 276.160 32.0878
86 3.8770 0.0000 0.000 0.000 0.0000
87 4.0810 0.0000 0.000 0.000 0.0000
88 3.9790 13.3000 75.900 251.500 47.5000
89 3.8770 0.0000 0.000 0.000 0.0000
90 4.0810 0.0000 0.000 0.000 0.0000
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Table E-22C. Manufacturing Consumption and Output, 1958-1990

SIC=OTHER SCG

YEAR OUTPUT QOIL QNATGAS QCOAL QELEC

58 22.8571 55.4602 191.893 92.525 15.3507
59 25.9602 64.2639 237.123 106.946 19.0289
60 25.4566 64.7750 232.266 103.108 19.7011
61 25.4476 58.2971 224.646 94.616 19.8614
62 26.6776 55.3213 224.020 84.030 20.7349
63 28.7033 57.2605 242.494 86.063 20.7451
64 30.4245 63.0870 271.098 91.484 23.2530
65 32.5188 64.4298 296.923 98.066 24.1094
66 33.8582 63.6912 317.230 96.154 35.9389
67 32.1637 57.1137 311.017 88.467 25.0750
68 34.0224 62.8304 317.224 88.747 33.4242
69 34.3467 73.1227 321.672 88.856 32.6736
70 32.4984 71.3309 304.336 75.920 33.1308
71 33.3295 78.9162 316.528 80.352 33.8950
72 37.1902 88.6558 311.489 79.6912 36.1026
73 39.9329 81.4760 298.674 78.6886 37.8905
74 38.2873 63.6032 302.672 72.2553 38.5252
75 34.1185 69.0768 260.001 70.9446 37.7847
76 35.7641 78.0094 281.342 70.0209 39.2758
77 38.7261 88.4222 265.273 77.8851 41.5243
78 42.2367 95.3336 278.408 81.4247 43.8449
79 42.2367 61.9162 311.941 88.0889 44.8002
80 37.5194 45.1313 280.104 71.7393 41.0866
81 35. 6544 45.1226 242.165 81.6561 39. 9300
82 31.1564 38.6526 196.737 56.6377 35.1869
83 32.6923 43.0227 233.430 64.8605 36.3948
84 35.4350 40.1130 232.625 68.3527 40.1603
85 35.8738 38.7131 206.637 69.4566 49.9585
86 36.8611 0.0000 0.000 0.0000 0.0000
87 41.4688 0.0000 0.000 0.0000 0.0000
88 42.6755 19.3000 175.800 26.3000 32.9000
89 42.1270 0. 0000 0.000 0.0000 0.0000
90 41.1397 0.0000 0.000 2.0000 0.0000
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Table E-22C. Manufacturing Consumption and Output, 1958-1990

SIC'IRON AND STEEL

YEAR OUTPUT QOIL QNATGAS QCOAL QELEC

58 55.6846 244.091 248.249 216.114 85.548
59 63.6661 249.319 330.022 232.258 98.257
60 64.8321 269.216 381.746 251.247 104.443
61 61.4771 226.915 414.073 234.096 109.815
62 64.6327 231.105 480.287 244.714 113.587
63 67.5621 221.836 507.601 226.376 122.172
64 76.9795 249.500 553.044 236.676 141.380
65 84.2911 255.620 611.436 244.299 151.701
66 85.8217 241.403 657.332 223.534 164.983
67 79.6297 212.649 660.879 199.415 174.520
68 82.9687 219.320 691.755 214.134 185.159
69 84.7317 240.162 811.162 224.477 202.594
70 75.5996 212.348 760.115 202.061 197.509
71 71.5569 187.878 757.229 196.067 201.245
72 75.3951 264.015 746.693 171.045 210.717
73 91.4611 300.148 779.053 151.450 244.539
74 96.6065 290.420 794.320 133.798 251.146
75 70.4597 245.774 645.108 121.970 215.423
76 75.5001 278.861 653.840 119.919 229.651
77 74.8700 291.927 618.360 124.533 245.913
78 79.2803 314.940 716.832 96.580 262.273
79 81.8005 234.556 789.914 97.472 272.462
80 68.9896 119.932 669.025 98.077 238.251
81 71.2998 106.343 719.085 100.503 247.928
82 44.1030 71.376 518.001 68.536 178.749
83 42.8429 67.379 571.878 85.636 168.245
84 47.3582 56.386 580.982 83.643 204.389
85 43.5779 45.018 495.859 76.755 195.726
86 40.6377 0.0 0.0 0.0 0.0
87 46.6231 0.0 0.0 0.0 0.0
88 54.6037 50.6 539.2 51.2 229.5
89 52.6085 0.0 0.0 0.0 0.0
90 51.4534 0.0 0.0 0.0 0.0
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Table E-22C. Manufacturing Consumption and Output, 1958-1990

SIC=PRIMARY ALUMINUM

YEAR OUTPUT QOIL QNATGAS QCOAL QELEC

58 4.1170 4.0070 122.046 15.6600 79.572
59 4.7687 3.6959 122.641 17.1770 103.524
60 4.6648 3.8848 124.886 20.3740 108.591
61 4.8793 3.3944 119.181 21.5769 102.275
62 5.3279 3.4272 132.802 33.2247 113.375
63 5.8091 3.6933 143.631 24.1728 122.451
64 6.2702 4.0063 153.435 24.0325 126.248
65 6.7581 3.9316 163.798 24.1877 138.211
66 7.5638 3.9450 177.538 22.9035 141.927
67 7.7811 3.1276 174.637 19.7967 159.628
68 7.9908 3.7164 183.139 21.3958 155.165
69 8.0613 4.4849 187.970 22.7002 179.544
70 7.4538 4.2479 181.206 20.5195 170.519
71 7.0579 4.1530 168.568 19.4940 158.233
72 9.4075 8.1362 155.331 12.4621 175.767
73 11.3317 10.5614 177.444 10.2293 217.424
74 9.7282 8.1354 184.490 7.7248 255.915
75 8.5523 7.8861 103.591 6.2316 211.092
76 10.2627 7.5153 91.459 5.2641 225.016
77 11.5455 8.0731 93.301 10.6571 244.686
78 12.1870 7.3847 81.802 10.7166 250.741
79 12.2939 5.4104 125.132 11.9423 261.194
80 11.8663 4.9441 128.425 9.3180 262.099
81 10.1558 2.9471 69.498 5.6441 256.629
82 7.5901 2.8059 49.360 4.1676 177.243
83 8.6592 2.4695 36.793 2.8135 180.391
84 9.3006 3.1926 43.802 1.3956 216.388
85 6.5211 2.2776 26.836 0.0000 189.797
86 5.8797 0.0000 0.000 0.0000 0.000
87 6.8418 0.0000 0.000 0.0000 0.000
88 8.1246 1.5000 99.100 1.8000 246.200
89 8.4454 0.0000 0.000 0.0000 0.000
90 9.0868 0.0000 0.000 0.0000 0.000
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Table E-22C. Manufacturing Consumption and Output, 1958-1990

SIC=OTHER PRIMARY METALS

YEAR OUTPUT QOIL QNATGAS QCOAL QELEC

58 36.0478 38.4680 113.443 48.8165 27.5057
59 40.4543 38.7948 124.375 46.9365 29.5844
60 40.3419 41.6172 129.154 44.6510 29.4267
61 41.5916 38.7441 131.030 39.5663 32.0680
62 45.4424 42.0359 147.899 35.9394 35.1433
63 48.2586 42.3733 156.402 36.0934 33.3480
64 51.5051 44.9468 167.478 36.8991 38.0428
65 56.4632 43.6253 176.692 38.2676 47.1034
66 63.7898 43.8659 195.835 39.1053 58.7570
67 58.2932 39.0158 198.554 37.3885 51.5908
68 61.5637 40.4286 211.317 36.9279 57.6001
69 65.8560 45.0492 222.376 36.1844 58.3213
70 59.6293 40.5688 226.625 31.4162 70.0777
71 59.6104 39.3521 230.418 30.5936 62.8771
72 67.3548 55.7708 239.260 29.7523 65.2651
73 77.5018 58.3968 235.975 27.6299 69.9607
74 74.2613 45.4628 245.397 22.8336 71.2234
75 59.9831 44.0311 218.814 18.0733 63.4847
76 66.3257 46.4287 233.733 18.4102 72.6157
77 70.1764 49.4303 241.451 14.0536 71.1216
78 74.5799 48.8317 248.876 11.6208 73.4941
79 73.1441 38.2469 229.191 14.0649 76.9191
80 68.6065 23.2192 217.966 12.6749 75.5420
81 67.2781 23.4724 217.527 17.1082 76.4510
82 52.9927 19.3361 195.724 15.9295 64.4220
83 57.6921 18.8037 216.201 17.2978 61.8295
84 60.9514 15.2658 204.008 16.5186 69.2469
85 57.2044 11.2744 174.079 13.6880 68.5085
86 56.6669 0.0000 0.000 0. 0000 0.0000
87 60.3142 0.0000 0.000 0.0000 0.0000
88 62.4986 7.0000 104.700 5.3000 33.4000
89 59.8264 0.0000 0.000 0.0000 0.0000
90 57.9490 0.0000 0.000 0.0000 0.0000
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Table E-22C. Manufacturing Consumption and Output, 1958-1990

SIC=FABRICATED METALS

YEAR OUTPUT QOIL QNATGAS QCOAL QELEC

58 73.080 74.3173 98.838 35.6481 26.734
59 81.212 71.3058 106.083 34.6718 30.388
60 80.514 69.5773 106.063 33.2267 31.127
61 78.914 60.5336 105.855 30.6923 31.695
62 85.972 66.9473 127.863 32.6816 34.378
63 88.690 60.3846 122.432 29.4122 35.993
64 94.587 65.5569 139.319 32.2453 39.815
65 104.392 63.9676 152.750 34.8545 43.675
66 112.504 67.7121 184.119 37.8718 50.057
67 114.608 68.8590 213.021 43.6054 62.182
68 119.501 72.9257 234.013 39.5819 71.168
69 122.401 74.6872 236.921 35.1763 76.872
70 115.024 69.1911 251.072 28.3523 81.025
71 115.113 62.0155 248.821 23.9162 78.263
72 125.904 73.9605 251.830 20,,4364 82.196
73 138.886 68.8646 241.624 17.0425 87.389
74 133.766 48.9955 234.718 12.4403 85.450
75 118.531 51.8466 216.292 10.8893 83.231
76 128.185 53.9303 217.795 10.5778 87.807
77 136.471 59.7798 209.359 12.6469 89.829
78 142.876 58.4287 222.584 10.8538 89.970
79 146.384 46.8905 223.605 11.3499 89.721
80 138.691 36.0169 215.594 10.2058 86.391
81 137.229 29.7704 212.290 10.1511 87.139
82 126.713 28.7263 208.991 11.3090 87.113
83 128.509 26.9276 210.705 11.6883 84.733
84 139.003 24.5876 213.460 10.9389 103.635
85 138.486 20.4560 186.952 9.6285 95.448
86 136.800 O. 0000 0.000 0.0000 0.000
87 141.264 0.0000 0.000 0.0000 0.000
88 146.1_5 15.8000 203.300 9. 2000 105.600
89 143.491 0.0000 0.000 0.0000 0.000
90 141.867 0.0000 0.000 0.0000 0.000
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Table E-22C. Manufacturing Consumption and Output, 1958-1990

SIC=INDUSTRIAL MACHINERY

YEAR OUTPUT QOIL QNATGAS QCOAL QELEC

58 82.137 44.6764 53.622 62.1049 26.129
59 91.384 44.0135 59.493 60.2403 31.022
60 89.850 46.1721 62.824 58.7950 31.776
61 88.124 43.8707 65.587 55.6785 31.868
62 96.438 49.3200 77.556 56.8395 35.386
63 102.173 48.2891 81.399 53.2147 37.737
64 113.878 54.2300 94.713 56.4525 42.992
65 125.484 52.1317 102.209 54.1258 47.366
66 142.241 53.2856 117.559 53.0716 53.978
67 144.777 53.3082 139.738 54.6489 57.008
68 143.957 50.5257 147.704 48.8437 62.948
69 150.793 51.8599 153.640 43.5318 69.953
70 144.523 50.4237 177.559 38.6704 74.116
71 138.087 46.8967 184.316 36.3054 76.538
72 156.416 57.0053 183.652 33.6146 82.093
73 182.198 55.4861 180.767 30.0997 90.531
74 190.226 41.9279 184.174 23.0166 88.539
75 170.441 47.3470 159.685 22.0770 93.281
76 174.344 46.9197 156.802 17.9087 95.417
77 190.502 50.9114 149.159 21.2864 97.045
78 207.436 49.3107 160.642 22.9285 102.687
79 220.888 40.6439 165.061 24.5807 103.633
80 215.035 31.7473 158.487 24.2493 104.330
81 219.638 29.4517 152.124 21.1479 107.714
82 194.516 28.9261 149.802 19.3994 104.283
83 188.381 26.5842 139.218 18.9469 100.232
84 234.849 24.2130 138.809 19.4847 103.043
85 247.634 21.2188 118.719 16.5775 103.515
86 256.463 0.0 0.0 0.0 0.0
87 279.400 0.0 0.0 0.0 0.0
88 319.185 14.8 126.9 17.7 114.2
89 342.724 0.0 0.0 0.0 0.0
90 348.649 0.0 0.0 0.0 0.0
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Table E=22C. Manufacturing Consumption and Output, 1958-1990

SIC=ELECTRONIC

YEAR OUTPUT QOIL QNATGAS QCOAL QELEC

58 45.373 31.2606 38.844 43.6486 25.510
59 52.959 30.0135 43.708 42.8218 31.954
60 55.674 32.0766 46.530 41.8868 32.853
61 58.366 29.3666 46.886 37.3255 33.266
62 65.947 32.6969 54.303 36.4030 38.974
63 68.491 32.5012 59.012 36.6301 41.575
64 71.163 33.2038 62.917 36.7393 44.599
65 81.005 34.4461 71.805 39.8401 52.286
66 92.002 35.4326 83.060 41.4935 61.277
67 94.948 35.2079 95.555 44.0821 63.731
68 99.931 36.0285 103.035 39.6025 70.420
69 104.631 40.5546 112.286 34.5931 77.030
70 100.426 37.9919 119.002 25.9548 79.555
71 98.299 37.8643 124.748 20.2349 78.786
72 109.717 44.0142 122.294 21.2288 84.118
7'3 123.581 40.4358 115.403 21.8140 88.765
74 119.148 27.6322 108.804 17.6040 84.452
75 104.408 30.6520 96.803 13.0225 80.988
76 114.199 33.4915 98.097 14.1259 80.901
77 132.569 37.5740 95.462 15.9305 85.467
78 145.136 38.7943 101.560 14.2270 88.896
79 157.036 29.0914 105.362 15.5974 93.216
80 161.208 22.4283 106.402 12.2299 92.750
81 165.822 19.8297 102.147 12.3097 95.628
82 165.937 20.0077 105.117 11.5092 98.537
83 171.755 18.8746 110.202 12.5194 99.570
84 199.889 16.6433 110.539 11.7205 111.953
85 199.194 14.8023 101.609 10.6108 111.991
86 199.861 0.0000 0.000 0.0000 0.000
87 215.137 0.0000 0.000 0.0000 0.000
88 228.237 12.7000 84.600 7.1000 108.700
89 229.939 0.0000 0.000 0.0000 0.000
90 23]..748 0.0000 0.000 0.0000 0.000
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Table E-22C. Manufacturing Consumption and Output, 1958-1990

SIC=TRANSP EQUIP

YEAR OUTPUT QOIL QNATGAS QCOAL QELEC

58 144.332 49.7548 63.016 95.970 47.887
59 162.580 46.1677 66.217 96.281 54.305
60 168.045 47.7919 69.211 100.829 56.752
61 155.210 46.6138 72.775 97.638 55.547
62 178.303 45.1678 78.888 101.020 62.644
63 193.054 43.0403 82.729 96.888 66.563
64 202.912 46.7645 95.381 102.948 68.695
65 234.396 45.5764 102.941 103.709 77.078
66 249.566 44.2880 113.232 99.986 76.986
67 245.305 43.3523 124.398 96.766 85.118
68 274.419 46.4300 138.624 95.284 99.057
69 272.374 52.3925 140.240 84.253 I00_866
70 228.294 47.5482 145.283 71.640 94.828
71 249.949 48.4465 157.649 71.327 99.452
72 261.760 62.2651 153.847 67.147 102.696
73 299.722 61.8385 144.324 59.041 110.534
74 265.546 46.6886 152.802 52.286 97.158
75 243.706 49.0802 139.133 48.352 94.734
76 279.192 53.7275 152.102 51.702 101.162
77 305.455 57.3700 145.555 52.694 106.030
78 321.130 57.6946 155.745 50.495 108.399
79 315.848 48.8224 151.742 50.539 109.090
80 262.826 39.4991 134.116 47.598 102.251
81 256.419 35.6240 125.969 47.735 102.669
82 238.318 32.8823 117.262 42.909 98.322
83 270.106 32.8389 135.193 48.311 103.939
84 313.099 28.1721 135.430 51.444 114.241
85 322.966 25.6651 123.357 47.935 117.839
86 329.546 0.0000 0.000 0.000 0.000
87 351.494 0.0000 0.000 0.000 0.000
88 364.778 31.2000 138.300 36.200 127.200
89 365.235 0.0000 0.000 0.000 0.000
90 348.995 0.0000 0.000 0.000 0.000
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Table E-22C. Manufacturing Consumption and Output, 1958-1990

SIC=INSTRUMENTS

YEAR OUTPUT QOIL QNATGAS QCOAL QELEC

58 13.0851 8.8144 7.8396 18.6023 5.0450
59 14.9082 8.6047 8.3594 17.4182 5.8920
60 15.2865 8.8540 8.5513 15.8932 6.2594
61 14.9221 8.5915 9.0808 14.7071 6.7234
62 14.7764 9.8971 10.7855 15.0976 7.1189
63 15.4882 8.4672 10.0188 13.0010 6.6366
64 16.3950 8.1997 10.1293 12.1544 7.2941
65 18.6663 8.5380 11.7062 13.7957 8.1507
66 20.6128 7.6222 11.9706 12.7129 8.9804
67 22.1688 9.0228 16.2645 22.9994 9.7674
68 23.5847 8.8115 14.8377 15.7958 10.9803
69 25.1291 12.4203 17.4574 22.1195 12.4098
70 24.1572 12.8336 20.4661 17.3282 13.4193
71 24.8107 13.9493 22.2726 20.3116 13.7790
72 27.7339 18.8197 21.3615 20.5153 14.8854
73 31.6996 17.4438 18.4818 16.3157 15.8641
74 34.0626 15.3539 19.9196 15.7911 15.4212
75 32.2282 15.7516 18.9687 13.4752 16.8727
76 34.9388 16.3182 21.6295 13.9936 17.2561
77 38.5257 19.0602 24.5401 6.4605 18.7055
78 42.8871 17.6195 22.7096 8.8434 19.3385
79 43.9584 11.6271 23.2701 20.3112 19.9305
80 44.1421 9.6837 24.3463 21.0968 20.4270
81 45.8945 8.9874 23.9188 18.7309 20.9073
82 48.3253 8.7852 24.9629 19.8178 21.6611
83 47.0845 8.6645 27.6433 22.7669 22.5714
84 49.7924 7.5629 29.1393 23.8297 24.9304
85 51.1518 6.6025 26.6744 21.0712 25.0103
86 51.8641 0.0000 0.0000 0.0000 0.0000
87 54.8743 0.0000 0.0000 0.0000 0.0000
88 59.2865 8.6000 32.0000 21.5000 48.9000
89 60.6405 0.0000 0.0000 0.0000 0.0000
90 61.5025 0.0000 0.0000 0.0000 0.0000
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Table E-22C. Manufacturing Consumption and Output, 1958-1990

SIC-MISC MFG

YEAR OUTPUT QOIL QNATGAS QCOAL QELEC

58 13.9146 14.0793 10.6963 10.0428 4.5141
59 15.1558 12.0019 9.1356 8.5161 5.2272
60 15.5411 11.8508 8.3631 7.9713 5.3978
61 16.0854 9.6144 7.1060 6.5971 5.3159
62 16.9291 11.6186 8.7877 7.4991 6.4487
63 17.8649 10.1786 8.5923 5.6601 7.8511
64 18.9604 9.9971 8.9602 4.6458 8.2742
65 20.7133 9.9806 10.0584 4.2290 8.6324
66 21.6439 12.8059 14.6301 4.6917 8.2196
67 22.0478 12.8052 16.5188 4.1106 8.3970
68 23.2608 13.8004 17.9511 3.9427 9.5571
69 24.5258 14.6388 17.9153 3.4088 11.2665
70 23.6673 15.1920 20.7458 3.0667 11.2290
71 23.9065 15.6012 22.6634 2.8104 12.7268
72 28.5771 19.5292 24.5167 2.8543 14.2588
73 28.5771 16.2684 21.4962 2.3016 14.2725
74 26.5282 11.6293 22.1265 1.6290 13.5014
75 24.4793 12.0196 19.1418 0.8788 13.0271
76 27.8222 12.6700 17.7183 1.3491 12.6996
77 31.7044 12.0417 17.2893 1.3805 14.0678
78 32.3514 12.1201 18.7511 1.2618 13.6108
79 30.7339 9.9763 19.5549 1.3623 12.6029
80 27.9301 7.7559 19.6104 1.6775 12.3545
81 28.6849 6.0984 18.6637 1.9596 12.3883
82 28.2536 4.9170 16.4249 1.6340 12.4627
83 26.8517 5.0938 17.6174 2.0981 12.3763
84 27.1752 4.3240 18.3814 1.6749 12.6548
85 26.2047 3.6127 15.65'17 1.4098 11.8939
86 26.6360 0.0 0.0 0.0 0.0
87 30.7339 0.0 0.0 0.0 0.0
88 31.9201 3.3 19.6 1.8 14.3
89 32.2436 0.0 0.0 0.0 0.0
90 32.1358 0.0 0.0 0.0 0.0
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Table E-22D. Manufacturing Prices, 1958-1990

Sources: Prices: [97]
Notes: All dollar values are expressed in constant 1987 dollars. Prices are

per million Btu.

The mnemonics are as follows: NATGAS and NATGS--Natural Gas;

COAL--Coal; ELEC--Electricity; OIL--All Oil Products;
DOL87--Deflator for 1987 Dollars

SIC=FOOD

YEAR DOL87 POIL87 PNATGS87 PCOAL87 PELEC87

58 3.90625 2.18053 1.39057 1.23994 16.2434
59 3.90625 2.17615 1.45144 1.23367 16.1788
60 3.84615 2.14240 1.48710 1.16515 16.8922
61 3.80228 2.16616 1.53369 1.14061 14.6831
62 3.71747 2.10078 1.55297 1.09737 15.4348
63 3.67647 2.05830 1.52812 1.07445 15.5591
64 3.61011 1.90852 1.46057 1.04509 15.2681
65 3.52113 1.83342 1.41899 0.97156 14.9603
66 3.40136 1.80959 1.36444 0.95192 15.1576
67 3.30033 1.82586 1.31762 0.92597 12.5342
68 3.14465 1.80220 1.28322 0.90906 11.2621
69 2.95858 1.73800 1.23746 0.90752 10.4675
70 2.84091 1.87293 1.22207 1.03611 10.1329
71 2.84091 2.09973 1.27207 1.11538 10.3578
72 2.57732 2.26160 1.38444 0°98720 10.1165
73 2.42131 2.71380 1.54447 0.93772 10.0526
74 2.22717 4.51188 1.67305 1.38558 11.1218
75 2.03252 4.39950 2.16233 1.74866 12.3481
76 1.91205 4.24397 2.63213 1.81665 12.9487
77 1.78891 4.31622 3.04743 1.79724 13.7679
78 1.66113 4.01271 3.17615 1.81663 14.5950
79 1.52439 4.82072 3.46803 1.69475 14.8783
80 1.39470 5.85006 3.96276 1.72964 15.8163
81 1.26743 6.41837 4.35641 1.78296 16.4534
82 1.19332 6.23400 4.48819 1.80232 16.7583
83 1.14811 5.94439 4.25820 1.69327 17.9321
84 1.09890 6.12488 4.28582 1.65542 17.1742
85 1.05932 5.73922 4.42153 1.69222 17.0351
86 1.03199 ....
87 1.00000 . . .
88 0 96339 3 42011 2.80347 1.48362 14 3931
89 0.92081 ....
90 0.88339 ....

i
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Table E-22D. Manufacturing Prices, 1958-1990

SIC=TOBACCO

YEAR DOL87 POIL87 PNATGS87 PCOAL87 PELEC87

58 3.90625 2.48049 1.88591 1.45625 15.3211
59 3.90625 2.38274 1.90522 1.43650 15.1848
60 3.84615 2.38601 1.89236 1.34489 15.8429
61 3.80228 2.34994 1.89152 1.30315 13.5768
62 3.71747 2.28613 1.86296 1.24151 14.2813
63 3.67647 2.23022 1.82608 1.24617 14.1661
64 3.61011 2.06454 1.74522 1.23815 13.6490
65 3.52113 1.87487 1.68903 1.18101 13.1360
66 3.40136 1.83826 1.61744 1.18439 13.1603
67 3.30033 1.84464 1.55530 1.17616 10.3668
68 3.14465 1.79205 1.53960 1.29928 9.4104
69 2.95858 1.65755 1.50727 1.41362 8.9248
70 2.84091 1.74793 1.50771 1.66563 8.8438
71 2.84091 1.97404 1.58420 1.86335 9.2606
72 2.57732 2.03681 1.58320 1.69095 9.6696
73 2.42131 2.40475 1.65314 1.61858 10.1478
74 2.22717 4.17853 1.69940 2.01479 11.6826
75 2.03252 4.26456 2.26869 2.58012 13.5151
76 1.91205 4.11226 2.58894 2.59787 13.3610
77 1.78891 4.29533 3.21467 2.37292 13.7572
78 1.66113 3.76045 3.49010 2.15254 13.9617
79 1.52439 4.09378 3.57946 2.53529 14.1676
80 1.39470 5.45185 4.45395 2.48648 15.8469
81 1.26743 6.25194 4.90507 2.50647 14.1060
82 1.19332 5.90603 5.05251 2.48493 14.6894
83 1.14811 5.56957 4.81461 2.22729 14.8938
84 1.09890 5.73971 4.88320 2.15600 15.2431
85 1.05932 5.11391 5.00882 2.12455 15.1233
86 1.03199 ....
87 1.00000 • • •
88 0.96339 2.86657 3[33333 1 96532 13 4489
89 0.92081 • . •
90 0.88339 • • •
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Table E-22D. Manufacturing Prices, 1958-1990

SIC=TEXTILE MILLS

YEAR DOL87 POIL87 PNATGS87 PCOAL87 PELEC87

58 3.90625 1.80914 1.39283 1.43040 11.2760
59 3.90625 1.83424 1.45361 1.40840 11.1181
60 3.84615 1.81840 1.48745 1.31541 11.7823
61 3.80228 1.86889 1.53376 1.27180 9.5659
62 3.71747 1.83892 1.55422 1.20903 10.3806
63 3.67647 1.79092 1.53300 1.21896 i0.6770
64 3.61011 1.64767 1.47169 1.21750 10.6572
65 3.52113 1.58356 1.43473 1.16654 10.5898
66 3.40136 1.57361 1.38643 1.17540 11.0745
67 3.30033 1.57582 1.34964 1.17230 8.6952
68 3.14465 1.60377 1.36154 1.18659 8.0048
69 2.95858 1.54245 1.34543 1.20520 7.6786
70 2.84091 1.71779 1.35940 1.36281 7.7712
71 2.84091 1.97544 1.44178 1.47098 8.2659
72 2.57732 2.14205 1.54489 1.65140 8.4858
73 2.42131 2.59399 1.70100 1.87213 8.6819
74 2.22717 4.35864 1.81471 2.51159 10.0118
75 2.03252 4.24037 2.20400 2.92195 11.7162
76 1.91205 4.06497 2.67275 2.30689 11.8415
77 1.78891 4.28351 3.15053 2.29998 12.4336
78 1.66113 3.95365 3.38180 2.62841 12.8998
79 1.52439 4.54560 3.79294 2.44313 13.0369
80 1.39470 5.77032 4.22756 2.38792 13.3459
81 1.26743 6.41058 4.82043 2.31378 13.7726
82 1.19332 6.12640 4.93252 2.35561 14.8334
83 1.14811 5.82390 4.66768 2.16562 14.7275
84 1.09890 6.03597 4.69360 2.14340 15.0391
85 1.05932 5.51506 4.78677 2.16470 14.7687
86 1.03199 ....
87 1.00000
88 0.963393_123563_275531_86898134200
89 0.92081 . .
90 0.88339 ....
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Table E-22D. Manufacturing Prices, 1958-1990

SIC-APPAREL & OTHER i

YEAR DOL87 POIL87 PNATGS87 PCOAL87 PELEC87

58 3.90625 2.37164 1.84284 1.60926 21.0352
59 3.90625 2.39780 1.88405 1.56260 20.8084
60 3.84615 2.38579 1.89313 1.43949 21.2708
61 3.80228 2.43763 1.91637 1.37095 18.8291
62 3.71747 2.38384 1.91502 1.28120 19.2926
63 3.67647 2.35673 1.89075 1.27309 19.3848
64 3.61011 2.21701 1.82112 1.25338 19.0266
65 3.52113 2.16077 1.78023 1.18610 18.6300
66 3.40136 2.15092 1.72005 1.18215 18.7006
67 3.30033 2.29523 1.66954 1.16908 15.9698
68 3.14465 2.17733 1.59401 1.19447 14.2543
69 2.95858 2.05037 1.50103 1.21240 12.9276
70 2.84091 2.06042 1.45228 1.35322 12.1695
71 2.84091 2.15746 1.46896 1.43782 12.0096
72 2.57732 2.40119 1.61965 1.54571 11.5158
73 2.42131 2.92330 1.81003 1.72036 11.0678
74 2.22717 4.81384 1.94440 2.33862 11.7582
75 2.03252 4.52717 2.33386 3.12187 12.4861
76 1.91205 4.41007 2.84439 2.97103 13.1369
77 1.78891 4.61766 3.20942 2.71570 14.7692
78 1.66113 4.50566 3.27606 2.75307 17.9981
79 1.52439 5.47883 3.58895 2.84666 19.0398
80 1.39470 6.85334 3.83801 2.76599 19.6355
81 1.26743 7.33415 4.10230 2.67939 19.6749
82 1.19332 7.18956 4.52804 2.70022 20.9187
83 1.14811 6.78784 4.60733 2.45589 22.2557
84 1.09890 7.07441 4.90318 2.41523 19.2461
85 1.05932 6.59218 5.28748 2.42335 20.6466
86 1.03199 ....
87 1.00000
88 0.96339 4_43443 4_02697 2 19653 19_4220
89 0.92081 . . .
90 0.88339 ....
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Table E-22D. Manufacturing Prices, 1958-1990

SIC-LUMBER & WOOD

YEAR DOL87 POIL87 PHATGS87 PCOAL87 PELEC87

58 3.90625 2.84727 1.90367 1.49691 16.4322
59 3.90625 2.87991 1.86270 1.47688 16.2930
60 3.84615 2.89339 1.78796 1.38073 16.9586
61 3.80228 2.94812 1.72713 1.33457 14.6990
62 3.71747 2.89451 1.63509 1.27163 15.3939
63 3.67647 2.78150 1.60906 1.27042 15.3546
64 3.61011 2.57387 1.54071 1.25634 14.9109
65 3.52113 2.43850 1.49826 1.19318 14.4938
66 3.40136 2.35511 1.44199 1.18989 14.5755
67 3.30033 2.31206 1.39438 1.17562 11.8249
68 3.14465 2.25926 1.35743 1.24488 10.7523
69 2.95858 2.17801 1.30946 1.31406 10.1600
70 2.84091 2.30483 1.29401 1.52002 9.9919
71 2.84091 2.49228 1.34689 1.67253 10.3782
72 2.57732 2.55086 1.43302 1.70255 9.3661
73 2.42131 2.94407 1.56684 1.80824 8.6138
74 2.22717 4.76847 1.67117 2.35860 9.0932
75 2.03252 4.52959 2.14320 3.45439 10.4677
76 1.91205 4.58466 2.65694 2.91186 10.9399
77 1.78891 4.89015 3.06831 2.30746 11.8604
78 1.66113 4.65902 3.31125 2.15693 12.6557
79 1.52439 5.75499 3.53237 2.60555 12.9452
80 1.39470 7.10914 3.94643 2.58542 14.1157
81 1.26743 7.92077 4.53233 2.46905 14.7508
82 1.19332 7.61662 4.74762 2.47971 14.9518
83 1.14811 6.94865 4.57222 2.24922 15.2487
84 1.09890 6.93875 4.67300 2.18835 15.2795
85 1.05932 6.42184 4.82796 2.17300 15.2961
86 1.03199 • .
87 1.00000 • . .
88 0.96339 4 78011 3_44894 i 65703 15 5106
89 0.92081 ....
90 0.88339 ....
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Table E-22D. Manufacturing Prices, 1958-1990

SIC-FURNITURE & FIXTURES

YEAR DOL87 POIL87 PNATGS87 PCOAL87 PELEC87

58 3.90625 2.84790 1.96490 1.59391 20.0560
59 3.90625 2.82455 2.03708 i.51624 19.6797
60 3.84615 2.74410 2.07517 1.36757 20.0772
61 3.80228 2.68151 2.12858 1.27350 17.5494
62 3.71747 2.52195 2.14753 1.16055 17.9426
63 3.67647 2.50347 2.14695 1.16560 18.0281
64 3.61011 2.39430 2.08850 1.16620 17.6135
65 3.52113 2.33697 2.05263 1.11509 17.2200
66 3.40136 2.34860 2.00199 1.12480 17.2757
67 3.30033 2.37723 1.96035 1.12330 14.5556
68 3.14465 2.26254 1.85625 1.19011 13.0618
69 2.95858 2.08279 1.74884 1.25338 12.0909
70 2.84091 2.09130 1.67181 1.44336 11.4930
71 2.84091 2.19396 1.69224 1.57762 11.5833
72 2.57732 2.40082 1.72172 1.79740 11.2613
_3 2.42131 2.89933 1.86141 2.06977 11.2248
74 2.22717 4.79661 1.94760 2.75813 12.3284
75 2.03252 4.59550 2.34732 3.13052 13.4622
76 1.91205 4.76260 2.83301 2.68975 14.3306
77 1.78891 4.92247 3.10942 2.50565 15.3032
78 1.66113 4.75951 3.31244 2.64014 16.4655
79 1.52439 5.85885 3.58301 2.59147 17.0277
80 1.39470 7.14550 4.06754 2.51889 17.6370
81 1.26743 7.63389 4.46899 2.42216 18.1374
82 _.19332 7.41556 4.82041 2.47366 19.0715
83 1.14811 6,93617 4.78968 2.26985 19.0732
84 1.09890 7.02606 5.00982 2.27645 19.2665
85 1.05932 6.69815 5.31860 2.32028 19.3563
86 1.03199 ....
87 1.00000 . . •
88 0.96339 4 51399 3_75723 2 10019 17 2254
89 0.92081 ....
90 0.88339 ....
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Table E-22D. Manufacturing Prices, 1958-1990

SIC'PAPER

YEAR DOL87 POIL87 PHATGS87 PCOAL87 PELEC87

58 3.90625 1.73778 0.97467 1.37225 10.7010
59 3.90625 1.69868 1.03396 1.36508 10.5837
60 3.84615 1.62396 1.07406 1.28980 11.2774
61 3.80228 1.62117 1.12085 1.26197 9.1322
62 3.71747 1.53986 1.14484 1.21285 9.9591
63 3.67647 1.51745 1.13614 1.19804 10.1725
64 3.61011 1.39703 1.08678 1.17352 10.0438
65 3.52113 1.36161 1.06262 1.10120 9.8961
66 3.40136 1.36535 1.02896 1.08767 10.2997
67 3.30033 1.41119 1.00027 1.06478 7.8403
68 3.14465 1.39722 1.00146 1.05284 7.0902
69 2.95858 1.31487 0.99190 1.05188 6.8240
70 2.84091 1.51094 1.00507 1.18673 6.9257
71 2.84091 1.78865 1.07140 1.27194 7.4007
72 2.57732 1.99568 1.19680 1.34611 7.3690
73 2.42131 2.50735 1.35948 _.47712 7.4146
74 2.22717 4.35971 1.48994 2.05253 8.6452
75 2.03252 3.67305 1.98248 2.36495 9.8762
76 1.91205 3.45525 2.47463 2.08505 10.0296
77 1.78891 3.68935 2.95141 1.94796 10.8695
78 1.66113 3.30001 3.13086 2.28750 11.1734
79 1.52439 4.02967 3.41730 2.27003 11.6994
80 1.39470 5.06718 3.92447 2.18881 12.4568
81 1.26743 6.01165 4.38170 2.18808 12.9744
82 1.19332 5.60209 4.40207 2.17344 13.6139
83 1.14811 5.24780 4.10107 1.95108 13.7610
84 1.09890 5.36860 4.06140 1.89181 15.6782
85 1.05932 4.71030 4.08137 1.86930 14.0740
86 1.03199 ....
87 1.00000
88 0.963392_45a082_389211Z7148411_355
89 0.92081....
90 0.88339 ....
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Table E-22D. Manufacturing Prices, 1958-1990

SIC-PRINTING

YEAR DOL87 BOIL87 PNATGS87 PCOAL87 PELEC87

58 3.90625 2.48786 1.93620 1.69375 19.6616
59 3.90625 2.52273 2.04471 1.68889 19.4780
60 3.84615 2.52109 2.11686 1.59837 20.0228
61 3.80228 2.55786 2.20414 1.56547 17.6618
62 3.71747 2.49630 2.25443 1.50895 18.2333
63 3.67647 2.42423 2.25378 1.49701 18.2445
64 3.61011 2.24467 2.20385 1.46453 17.8242
65 3.52113 2.12971 2.17856 1.38139 17.3746
66 3.40136 2.07506 2.12961 1.36875 17.4136
67 3.30033 2.05614 2.09029 1.34031 14.6493
68 3.14465 2.02997 1.99347 1.42753 13.2475
69 2.95858 1.95883 1.88184 1.50821 12.3072
70 2.84091 2.12492 1.81757 1.73021 11.8723
71 2.84091 2.38126 1.84411 1.89861 12.0701
72 2.57732 2.52222 1.83829 1.66231 11.8569
_3 2.42131 2.97590 1.91408 1.53180 11.8632
74 2.22717 4.88703 1.95537 1.88266 12.9488
75 2.03252 4.86126 2.43974 2.59497 13.6166
76 1.91205 4;98185 2.95416 2.71571 14.4206
77 1.78891 4.94861 3.29117 2.30267 15.2956
78 1.66113 4.80858 3.46935 2.16116 16.8843
79 1.52439 5.40348 3.81223 2.07538 18.1096
80 1.39470 6.55299 4.17480 2.06094 18.8774
81 1.26743 7.02978 4.54848 2.43226 19.4055
82 1.19332 7.00013 4.87466 2.44676 20.5378
83 1.14811 6.76606 4.78963 2.22218 20.6451
84 1.09890 7.22048 4.98769 2.16621 20.3565
85 1.05932 7.62808 5.24307 2.16161 19.8174
86 1.03199 ....
87 1.00000 .
88 0.96339 4 84739 3[86320 0 00000 18_0925
89 0.92081 ....
90 0.88339 ....

Energy Iafornlation Administration
NEMS Industrial Demand Model Documentation Report E-89



Table E-22D. Manufacturing Prices, 1958-1990

SIC=BULK CHEMICALS

YEAR DOL87 POIL87 PNATGS87 PCOAL87 PELEC87

58 3.90625 2.07619 0.81891 1.13429 5.5979
59 3.90625 2.01939 0.85831 1.11523 5.7052
60 3.84615 1.94083 0.88194 1.04020 6.7256
61 3.80228 1.91037 0.91315 1.00681 4.7474
62 3.71747 1.79203 0.92594 0.95554 5.8945
63 3.67647 1.75407 0.91426 0.94638 6.5060
64 3.61011 1.61439 0.86469 0.93335 6.8062
65 3.52113 1.53276 0.84198 0.87730 7.0328
66 3.40136 1.51727 0.81028 0.87105 7.8520
67 3.30033 1.53182 0.78544 0.86025 5.7658
68 3.14465 1.54094 0.78415 0.86712 5.2923
69 2.95858 1.47968 0.77594 0.88871 5.3237
70 2.84091 1.63885 0.78520 1.03806 5.6331
71 2.84091 1.86904 0._4202 1.13804 6.2299
72 2.57732 2.04499 0.96959 1.21811 6.0028
,73 2.42131 2.50028 1.12298 1.34975 5.9306
74 2.22717 4.27595 1.26081 1.95042 7.1049
75 2.03252 4.16817 1.60689 2.04658 8.2622
76 1.91205 3.87892 2.00456 1.94223 8.4814
77 1.78891 4.02137 2.38650 1.87672 9.2857
78 1.66113 3.58489 2.44597 2.16456 10.1971
79 1.52439 4.36452 2.57246 2.04353 10.6376
80 1.39470 5.64094 2.81143 1.98048 11.6884
81 1.26743 6.44256 3.17908 2.01911 12.6631
82 1.19332 6.03350 3.34613 2.01343 14.5786
83 1.14811 5.63653 3.20356 1.80649 13.2007
84 1.09890 5.75670 3.21153 1.75087 12.7187
85 1.05932 5.21414 3.35774 1.73691 12.6192
86 1.03199 ....
87 1.00000 . . .
88 0.96339 2 66121 I 89783 1.57033 10 2312
89 0. 92081 .
90 0.88339 .
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Table E-22D. Manufacturing Prices, 1958-1990

SIC=OTHER CHEMICALS

YEAR DOL87 POIL87 Pf_ATGS87 PCOAL87 PELEC87

58 3.90625 1.77753 1.22066 1.24900 15.0168
59 3.90625 1.80041 1.26137 1.22566 14.9934
60 3.84615 1.78105 1.28239 1.14216 15.6899
61 3.80228 1.82973 1.31271 1.].0297 13.4525
62 3.71747 1.79397 1.31467 1.04409 14.2296
63 3.67647 1.76117 1.30414 1.06632 14.4077
64 3.61011 1.62786 1.25090 1.07447 14.1710
65 3.52113 1.57968 1.22297 1.03196 13.9402
66 3.40136 1.57200 1.18587 1.04018 14.2161
67 3.30033 1.60700 1.15593 1.03780 11.6063
68 3.14465 1.59137 1.13884 1.04763 10.5800
69 2.95858 1.52543 1.11327 1.06237 10.0028
70 2.84091 1.67781 1.11378 1.20929 9.9289
71 2.84091 1.92059 1.18003 1.30268 10.3843
72 2.57732 2.12264 1.30142 1.29177 10.5076
73 2.42131 2.59864 1.45949 1.34415 10.7885
74 2.22717 4.33997 1.60967 1.85699 12.2214
75 2.03252 4.38562 2.01907 2.40205 13.4782
76 1.91205 4.07996 2.39947 2.13613 13.9123
77 1.78891 4.17519 2.88400 2.01499 14.7682
78 1.66113 3.86403 3.16826 2.23312 15.3330
79 1.52439 4.87191 3.29396 2.30017 14.9729
80 1.39470 6.29602 3.66854 2.21677 16.7865
81 1.26743 6.80017 4.15066 2.20072 17.1567
82 1.19332 6.30595 4.07633 2.17958 18.6934
83 1.14811 5.79801 3.75338 1.95047 18.3927
84 1.09890 5.77671 3.66449 1.88775 17.8474
85 1.05932 4.98726 3.67531 1.86322 17.3856
86 1.03199 ....
87 1.00000 •
88 0.963393076961:89",881:5033i0:2312
89 0.92081 . . .
90 0.88339 ....
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Table E-22D. Manufacturing Prices, 1958-1990

SIC=SIC 29, COAL & MISC

YEAR DOL87 POIL87 PNATGS87 PCOAL87 PELEC87

58 3.90625 2.43076 1.39757 1.22466 18.4993
59 3.90625 2.37623 1.44459 1.22261 18.4341
60 3.84615 2.27950 1.46773 1.15712 19.1408
61 3.80228 2.25201 1.50306 1.13557 16.9744
62 3.71747 2.14115 1.51275 1.09544 17.7999
63 3.67647 2.10318 1.48025 1.09522 18.2005
64 3.61011 1.96305 1.40928 1.08705 18.1641
65 3.52113 1.90422 1.36476 1.03388 18.0883
66 3.40136 1.88344 1.30810 1.03550 18.4725
67 3.30033 1.90695 1.25920 1.02875 16.0282
68 3.14465 1.87881 1.23703 1.14078 14.3616
69 2.95858 1.81143 1.20114 1.24773 13.1525
70 2.84091 1.95044 1.19261 1.48122 12.4794
71 2.84091 2.17015 1.24784 1.66785 12.4956
72 2.57732 2.29310 1.35419 1.44932 12.0970
73 2.42131 2.71365 1.51146 1.32556 11.9527
74 2.22717 4.48257 1.62927 1.68712 12.9065
75 2.03252 4.44998 1.96692 1.43102 14.0321
76 1.91205 4.38317 2.54520 2.05452 14.8676
77 1.78891 4.47914 3.06229 2.02098 16.0012
78 1.66113 4.33908 3.20044 2.15230 16.9612
79 1.52439 5.37459 3.44615 1.98341 16.3682
80 1.39470 6.60037 3.89219 1.65786 18.2430
81 1.26743 6.81480 4.17487 1.66493 19.3909
82 1.19332 7.30509 4.42864 1.66805 18.3269
83 1.14811 6.65715 4.30754 1.51182 19.3906
84 1.09890 6.55680 4.47498 1.47874 19.6794
85 1.05932 5.89561 4.67065 1.47349 19.8707
86 1.03199 ....
87 1.00000 . . . .
88 0.96339 4 19912 2.01349 1 95568 11 9557
89 0.92081 .
90 0.88339 ....
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Table E-22D. Manufacturing Prices, 1958-1990

SIC=RUBBER & MISC

YEAR DOL87 POIL87 PNATGS87 PCOAL87 PELEC87

58 3.90625 2.45127 1.33043 1.09565 13.9067
59 3.90625 2.31772 1.41964 1.09405 13.8582
60 3.84615 2.14413 1.48356 1.03677 14.6197
61 3.80228 2.03413 1.55746 1.01983 12.4519
62 3.71747 1.84407 1.60287 0.98494 13.2683
63 3.67647 1.80481 1.61204 0.98410 13.5363
64 3.61011 1.66308 1.57673 0.97804 13.3987
65 3.52113 1.59269 1.56590 0.92726 13.2486
66 3.40136 1.57708 1.53849 0.92785 13.6137
67 3.30033 1.59740 1.51748 0.92086 11.1417
68 3.14465 1.63394 1.46919 0.90122 10.0644
69 2.95858 1.60646 1.40832 0.89723 9.4629
70 2.84091 1.78819 1.38210 1.02349 9.2843
71 2.84091 2.03498 1.42806 1.09993 9.6260
72 2.57732 2.12159 1.49370 1.09071 9.8117
73 2.42131 2.50780 1.61769 1.14452 10.1038
74 2.22717 4.22304 1.71217 1.66969 11.4792
75 2.03252 4.16562 2.13714 2.17313 12.7392
76 1.91205 3.98025 2.59915 1.79763 13.1626
77 1.78891 4.20133 3.05201 1.72737 13.9529
78 1.66113 3.96641 3.20479 2.04764 14.7007
79 1.52439 4.53436 3.52681 1.92566 15.2352
80 1.39470 5.78022 4.00381 1.74040 16.2215
81 1.26743 6.71893 4.50311 1.72524 16.9395
82 1.19332 6.43263 4.64289 1.86790 13.2745
83 1.14811 6.07610 4.42476 1.82589 13.2734
84 1.09890 6.26463 4.48465 1.90559 15.3576
85 1.05932 5.83866 4.60217 2.01785 15.2829
86 1.03199 ....
87 1.00000 . • •
88 0.96339 3.22645 3 03468 2 17726 15.2023
89 0.92081 ....
90 0.88339 ....
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Table E-22D. Manufacturing Prices, 1958-1990

SIC=LEATHER

YEAR DOL87 POIL87 PNATGS87 PCOAL87 PELEC87

58 3.90625 1.98783 1.59388 1.25731 21.7624
59 3.90625 1.97460 1.71732 1.30918 21.3296
60 3.84615 1.92161 1.78710 1.29801 21.6125
61 3.80228 1.93813 1.85325 1.32641 19.1494
62 3.71747 1.86681 1.87695 1.33203 19.5447
63 3.67647 1.79954 1.89752 1.31278 19.3337
64 3.61011 1.63734 1.87250 1.28690 18.7190
65 3.52113 1.55200 1.86602 1.21168 18.0908
66 3.40136 1.51841 1.83578 1.20037 18.0619
67 3.30033 1.52708 1.80673 1.17939 15.0860
68 3.14465 1.58281 1.73250 1.12876 13.8417
69 2.95858 1.58609 1.66453 1.08758 12.9852
70 2.84091 1.77756 1.66000 1.18087 12.5816
71 2.84091 1.99136 1.68000 1.24311 12.8821
72 2.57732 2.27394 1.71295 1.04857 12.2812
73 2.42131 2.81828 1.82048 0.94303 11.9790
74 2.22717 4.62064 1.87772 1.36037 12.7814
75 2.03252 4.33467 2.10181 1.71396 13.6919
76 1.91205 4.27452 2.75533 1.45838 14.6211
77 1.78891 4.26669 3.20076 1.49398 16.9822
78 1.66113 4.03356 3.27574 2.05252 17.2816
79 1.52439 4.85809 3.52163 2.07575 18.6274
80 1.39470 5.95058 4.13555 2.03439 19.4922
81 1.26743 6.69867 4.56766 2.13456 20.2822
82 1.19332 6.39165 4.79029 2.10561 20.9395
83 1.14811 5.98558 4.62026 1.88028 20.7905
84 1.09890 6.14201 4.74722 1.79397 19.1912
85 1.05932 5.54431 4.94315 1.75771 19.7569
86 1.03199 ....
87 1.00000 • • •
88 0.96339 2.9332 3 37187 1 88825 17.5723
89 0.92081 ....
90 0.88339 . . •
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Table E-22D. Manufacturing Prices, 1958-1990

SIC-GLASS

YEAR DOL87 POIL87 PNATGS87 PCOAL87 PELEC87

58 3.90625 1.96660 1.52798 1.17697 11.3170
59 3.90625 1.96690 1.57615 1.18150 11.0881
60 3.84615 1.94310 1.59733 1.12586 11.7174
61 3.80228 1.96996 1.63076 1.11241 9.4071
62 3.71747 1.91154 1.63614 1.08007 10.1197
63 3.67647 1.88685 1.61341 1.23449 10.4466
64 3.61011 1.75054 1.54720 1.37128 10.3891
65 3.52113 1.67119 1.50688 1.44400 10.3390
66 3.40136 1.66355 1.45236 1.57918 10.8267
67 3.30033 1.68827 1.40583 1.69032 8.4609
68 3.14465 1.77609 1.37580 1.52978 7.7310
69 2.95858 1.77615 1.33267 1.38477 7.4748
70 2.84091 1.96336 1.32124 1.39931 7.5756
71 2.84091 2.17908 1.37893 1.37096 8.1168
72 2.57732 2.34595 1.46000 1.19306 8.3519
_3 2.42131 2.80993 1.59599 1.10553 8.6469
74 2.22717 4.61779 1.70169 1.51061 10.0607
75 2.03252 4.45072 2.13811 1.26768 11.3264
76 1.91205 4.22741 2.64283 2.16867 11.4230
77 1.78891 4.50887 3.18275 1.72368 12.6084
78 1.66113 4.16369 3.34227 2.47064 13.0039
79 1.52439 4.76221 3.61202 1.96845 12.7871
80 1.39470 6.10737 4.11703 2.02666 13.8993
81 1.26743 7.07889 4.45175 2.07614 14.5838
82 1.19332 6.91713 4.59790 2.10478 15.6389
83 1.14811 6.52879 4.37556 1.93150 15.8597
84 1.09890 6.67536 4.42429 1.91644 15.4363
85 1.05932 6.45782 4.54064 1.93202 15.4972
86 1.03199 ....
87 1.00000 • • • •
88 0.96339 4.21965 2.64933 1 47399 11 8497
89 0.92081 • • •
90 0.88339 ....
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Table E-22D. Manufacturing Prices, 1958-1990

SIC=CEMENT

YEAR DOL87 POIL87 PNATGS87 PCOAL87 PELEC87

58 3.90625 1.21861 1.04107 1.23192 10.1979
59 3.90625 1.33829 1.05800 1.21842 10.2066
60 3.84615 1.42436 1.05713 1.14364 11.0834
61 3.80228 1.57878 1.06483 1.11259 9.0117
62 3.71747 1.64954 1.05218 1.06339 9.9594
63 3.67647 1.62390 1.02939 1.05013 10.3293
64 3.61011 1.49909 0.96779 1.03071 10.3147
65 3.52113 1.45847 0.93217 0.96656 10.3063
66 3.40136 1.45751 0.88965 0.95556 10.8333
67 3.30033 1.49846 0.85258 0.93780 8.5046
68 3.14465 1.38712 0.86036 0.93908 7.6646
69 2.95858 1.22438 0.85827 0.95309 7.3106
70 2.84091 1.31959 0.87609 1.09744 7.3203
71 2.84091 1.49635 0.94430 1.19186 7.7638
72 2.57732 1.56516 1.01037 1.16604 7.7452
73 2.42131 1.92974 1.11599 1.20750 7.8078
74 2.22717 3.63223 1.21346 1.71873 9.0414
75 2.03252 3.61057 1.77110 1.91861 10.6146
76 1.91205 3.29073 2.11201 1.78715 11.3793
77 1.78891 3.43008 2.56851 1.70314 12.2493
78 1.66113 3.23121 2.70924 1.97725 12.6418
79 1.52439 3.83992 3.42470 1.92075 12.8654
80 1.39470 4.86968 3.57083 2.00223 14.3852
81 1.26743 5.65965 4.31742 2.02055 14.8448
82 1.19332 5.80089 4.39758 2.00421 15.8905
83 1.14811 5.73716 4.14433 1.79668 16.2567
84 1.09890 6.07241 4.15111 1.73917 15.8811
85 1.05932 5.67780 4.21014 1.71619 14.8361
86 1.03199 ....
87 1.00000 .
88 0.963393 917311_994221_4547211_8497
89 o.92081....
90 0.88339....
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Table E-22D. Manufacturing Prices, 1958-t990

SIC-OTHER SCG

YEAR DOL87 POIL87 PNATGS87 PCOAL87 PELEC87

58 3.90625 2.86546 1.47450 1.44678 15.5004
59 3.90625 2.74364 1.51252 1.40027 15.3699
60 3.84615 2.59049 1.52478 1.28495 16.0317
61 3.80228 2.49479 1.54900 1.21893 13.7701
62 3.71747 2.31300 1.54648 1.13519 14.4809
63 3.67647 2.32803 1.53207 1.11751 14.7590
64 3.61011 2.23208 1.47455 1.09214 14.6216
65 3.52113 2.20612 1.44257 1.02119 14.4646
66 3.40136 2.23181 1.39677 1.00590 14.8101
67 3.30033 2.28989 1.35825 0.98293 12.3249
68 3.14465 2.14649 1.32444 0.97602 11.0601
69 2.95858 1.97882 1.27864 0.98160 10.2754
70 2.84091 2.00507 1.26387 1.11912 9.9468
71 2.84091 2.11500 1.31613 1.20719 10.1696
72 2.57732 2.40331 1.44602 1.27667 10.2096
73 2.42131 2.96686 1.62353 1.40133 10.3882
74 2.22717 4.91556 1.76434 1.97376 11.6593
75 2.03252 4.84972 2.09505 2.40652 12.9800
76 1.91205 4.64091 2.49963 2.22001 13.5726
77 1.78891 4.72276 2.96180 2.04648 13.6868
78 1.66113 4.49492 3.16882 2.31713 14.3893
79 1.52439 5.77270 3.47429 2.15511 14.8117
80 1.39470 7.17695 3.92425 2.12774 15.9543
81 1.26743 7.87602 4.24299 2.08299 16.6514
82 1.19332 7.77752 4.37720 2.11315 17.5029
83 1.14811 7.28946 4.15413 1.93898 17.5111
84 1.09890 7.44092 4.20203 1.92192 17.2249
85 1.05932 7.05790 4.30876 1.94018 14.0689
86 1.03199 . • •
87 1.00000 . • . •
88 0.96339 3.79307 2 64933 1 47399 11 8497
89 0.92081 •
90 0.88339 .
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Table E-22D. Manufacturing Prices, 1958-1990

SIC-IRON AND STEEL

YEAR DOL87 POIL87 PNATGS87 PCOAL87 PELEC87

58 3.90625 2.13909 1.62190 1.11479 10.5731
59 3.90625 2.13297 1.64286 1.11032 10.5796
60 3.84615 2.08517 1.63657 1.04644 11.3167
61 3.80228 2.11008 1.64796 1.02781 9.1461
62 3.71747 2.05011 1.63647 0.99430 10.0657
63 3.67647 2.01187 1.62050 0.98730 10.2604
64 3.61011 1.86616 1.56202 0.97569 10.0576
65 3.52113 1.79450 1.52440 0.91709 9.8787
66 3.40136 1.77247 1.47402 0.91195 10.2491
67 3.30033 1.79147 1.43456 0.90258 7.7336
68 3.14465 1.74045 1.42453 0.86558 7.2887
69 2.95858 1.64103 1.39618 0.84857 7.2925
70 2.84091 1.75014 1.40229 0.95992 7.6265
71 2.84091 1.96873 1.48016 1.02606 8.3880
72 2.57732 2.24190 1.51816 1.20702 8.2295
73 2.42131 2.78971 1.61528 1.42220 8.1644
74 2.22717 4.60595 1.69196 2.08507 9.2645
75 2.03252 4.33118 2.11403 2.73328 10.9523
76 1.91205 3.76424 2.58224 2.13892 11.1426
77 1.78891 4.03185 3.09235 2.03031 12.2904
78 1.66113 3.80037 3.21294 2.01295 13.0738
79 1.52439 4.40985 3.36956 2.02542 13.1328
80 1.39470 5.44797 3.98236 2.05302 14.2912
81 1.26743 6.29050 4.15473 2.11232 14.5857
82 1.19332 5.87207 4.32153 2.16562 16.9315
83 1.14811 5.45516 4.13189 1.94739 16.8390
84 1.09890 5.53072 4.19362 1.95102 15.1731
85 1.05932 4.89388 4.32385 1.94555 14.7360
86 1.03199 ....
87 1.00000 .
88 0.963392 699212_56262 1_6763 11_o597
89 0.92081 ....
90 0.88339 ....
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Table E-22D. Manufacturing Prices, 1958-1990

SIC-PRIHARY ALUMINUM

YEAR DOL87 POIL87 PNATGS87 PCOAL87 PELEC87

58 _;.90625 2.29549 0.67854 1.43229 4.2010
59 3.90625 2.27596 0.69811 1.36333 4.0951
60 3.84615 2.23227 0.70575 1.22781 4.9537
61 3.80228 2.21199 0.71884 1.14138 2.8407
62 3.71747 2.10475 0.71560 1.03855 3.8174
63 3.67647 2.06107 0.72886 1.08624 4.3421
64 3.61011 1.91152 0.70440 1.12438 4.5208
65 3.52113 1.80561 0.70451 1.11132 4.7386
66 3.40136 1.79733 0.69871 1.15361 5.5355
67 3.30033 1.83008 0.69543 1.18348 3.4424
68 3.14465 1.75747 0.67289 1.11216 2.9324
69 2.95858 1.65361 0.64622 1.05713 2.9443
70 2.84091 1.80136 0.63830 1.14207 3.2101
71 2.84091 2.01908 0.67242 1.18029 3.7362
72 2.57732 2. 10809 0.80623 1.35835 3. 2990
73 2.42131 2.49605 0.96225 1.57739 2.8865
74 2.22717 4.30090 1.10941 2.21973 3.8301
75 2.03252 4.35373 1.24982 3.71794 4.4234
76 1.91205 4.28424 1.42577 2.28795 4.7883
77 1.78891 4.27518 1.68533 1.91344 5.1535
78 1.66113 3.98658 2.03869 2.13318 5.7823
79 1.52439 4.50409 1.70902 2.17676 5.7626
80 1.39470 5.57516 2.26494 2.23085 6.3938
81 1.26743 6.55337 1.94222 2.31683 6.6354
82 1.19332 6.32749 2.69904 2.31250 8.3505
83 1.14811 5.98823 3.18621 2.08642 8.643'7
84 1.09890 6.13837 3.79893 2.03276 8.3514
85 1.05932 5.70734 4.42576 • 7.4946
86 1.03199 ....
87 1.00000
88 0.96339 3:75080 2:56262 6:44509 11 0597
89 O. 92081 ....
90 0.88339 . . .
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Table E-22D. Manufacturing Prices, 1968-1990

SIC-OTHER PRIMARY METALS

YEAR DOL87 POIL87 PNATGS87 PCOAL87 PELEC87

58 3.90625 2.09399 1.54481 1.42256 10.6636
59 3.90625 2.06526 1.55697 1.36378 10.5472
60 3.84615 2.01902 1.54321 1.23814 11.2961
61 3.80228 2.02524 1.54233 1.16152 9.1003
62 3.71747 1.93529 1.51565 1.06781 9.9271
63 3.67647 1.90100 1.51253 1.07105 10.2222
64 3.61011 1.75659 1.46607 1.06688 10.1356
65 3.52113 1.67392 1.44469 1.01606 10.0596
66 3.40136 1.66826 1.40888 1.01933 10.5255
67 3.30033 1.68332 1.37973 1.01418 8.1385
68 3.14465 1.69454 1.34269 1.00655 7.3893
69 2.95858 1.64704 1.29375 1.01102 7.1208
70 2.84091 1.82277 1.27639 1.14868 7.2045
71 2.84091 2.08392 1.32666 1.23682 7.7146
72 2.57732 2.20130 1.39194 1.23545 7.8530
73 2.42131 2.61873 1.51171 1.29910 8.0524
74 2.22717 4.46071 1.60648 i.82457 9.3981
75 2.03252 4.38791 1.91186 3.01726 10.8408
76 1.91205 4.49896 2.27471 2.29975 10.6845
77 1.78891 4.44213 2.65388 1.96257 11.4718
78 1.66113 4.27206 2.76263 2.12671 12.0086
79 1.52439 4.86170 3.41841 2.15887 12.2040
80 1.39470 6.39257 3.81224 2.20462 12.9478
81 1.26743 6.80356 4.07682 2.24472 13.8860
82 1.19332 6.61203 4.31110 2.29743 14.6595
83 1.14811 6.18100 4.21118 2.18401 15.2599
84 1.09890 6.31821 4.36013 2.21240 14.5744
85 1.05932 6.11125 4.57287 2.23802 13.9411
86 1.03199 • .
87 1.00000 .
88 0.96339 3 27264 2 65896 1169557 i0_0096
89 0.92081 ....
90 0.88339 ....
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Table E-22D. Manufacturing Prices, 1958-1990

SIC-FABRICATEDMETALS

YEAR DOL87 POIL87 PMATGS87 PCOAL87 PELEC87

58 3.90625 2.36389 2.03334 1.39539 17.1609
59 3.90625 2.36808 2.07441 1.37251 17.1143
60 3.84615 2.34654 2.08211 1.27557 17.8352
61 3.80228 2.38238 2.10742 1.22604 15.6128
62 3.71747 2.30705 2.08755 1.15942 16.3613
63 3.67647 2.28410 2.07051 1,15830 16.4807
64 3.61011 2.14611 2.00480 1.14944 16.1509
65 3.52113 2.07383 1.96316 1.08835 15.7777
66 3.40136 2.06045 1.89972 1.08522 15.7382
67 3.30033 2.06880 1.85963 1.06793 12.8680
68 3.14465 1.98187 1.77945 1.07147 11.5119
69 2.95858 1.85374 1.68310 1.08038 10.8070
70 2.84091 1.94025 1.62763 1.22426 10.5455
71 2.84091 2.11954 1.66028 1.32026 10.8277
72 2.57732 2.30853 1.72174 1.44067 10.7304
73 2.42131 2.78699 1.84571 1.60488 10.8093
74 2.22717 4.74153 1.93229 2.23351 11.9951
75 2.03252 4.73163 2.38536 2.65665 13.5444
76 1.91205 4.70744 2.85509 2.41400 14.1464
77 1.78891 4.83792 3.26694 2.26991 14.7682
78 1.66113 4.58532 3.45173 2.54212 15.7970
79 1.52439 5.43307 3.66142 2.44894 16.3532
80 1.39470 6.80857 4.12596 2.32364 17.5904
81 1.26743 7.44609 4.31471 2.24741 18.3426
82 1.19332 7.29040 4.57928 2.32951 19.2559
83 1.14811 6.91197 4.49351 2.16504 19.7351
84 1.09890 7.16332 4.64566 2.16252 18.4990
85 1.05932 7.02123 4.87069 2.21102 18.5577
86 1.03199 ....
87 1.00000 .

1_8689888 0 963394 556353.46821 16._437
89 0.92081 ....
90 0,88339 ....
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Table E-22D. Manufacturing Prices, 1958-1990

SIC-INDUSTRIAL MACHINERY

YEAR DOL87 POIL87 PRATGS87 PCOAL87 PELEC87

58 3.90625 2.33114 1.89433 1,38406 17.3419
59 3.90625 2.33159 1.94776 1.35869 17.0330
60 3.84615 2.29041 1.97192 1.26993 17.6051
61 3.80228 2,29102 2.01669 1.23147 15.1385
62 3.71747 2.20595 2,02143 1.17281 15.5850
63 3.67647 2,13881 2,01757 1.15708 15.6727
64 3.61011 1.96143 1.95570 1.12986 15.2970
65 3.52113 1.87765 1.92560 1.06188 14.9664
66 3.40136 1.84780 1.87187 1.04986 15.1350
67 3.30033 1.85495 1.80902 1.02955 12.6049

i 68 3,14465 1.83918 1,71731 1.00803 11.4982
69 2.95858 1.76214 1.61684 0.99295 10.7881
70 2.84091 1.89881 1.56480 1.10954 10.5973
71 2.84091 2.10716 1.57724 1.16937 10.9691
72 2.57732 2.28323 1.64838 1.19126 10.8169
"/.3 2.42131 2.74484 1.78517 1.25539 10,8576
74 2.22717 4.67137 1.87997 1.78945 11.9912
75 2.03252 4.69511 2,27314 2.12574 12.9665
76 1.91205 4.63494 2.78987 2.24479 13.6422
77 1.78891 4.75313 3.20330 2.04426 14.6787
78 1.66113 4,41289 3.41795 2.20826 15.5214
79 1.52439 5.23214 3.62849 2.02214 15.9392
80 1.39470 6.74631 4.02482 2.10688 16.8438
81 1,26743 7.19100 4.28741 2.01263 17,7922
82 1.19332 6. 99294 4. 55442 1.99359 18,9017
83 1.14811 6.59275 4.49769 1.79629 18.8254
84 1.09890 6.77670 4.66389 1,74213 19.5097
85 1.05932 6.45976 4.91037 1.71899 19,1991
86 1.03199 ....
87 1. 00000 .
88 0 96339 4 31228 3_46821 i_52216 15 8478
89 0.92081 . . ,
90 0. 88339 . .
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Table E-22D. Manufacturing Prices, 1958-1990

SIC-ELECTRONIC

YEAR DOL87 POIL87 PNATGS87 PCOAL87 PELEC87

58 3.90625 2.11687 1.99152 1.31143 14.2112
59 3.90625 2.13512 2.04837 1.28594 13.9313
60 3.84615 2.06433 2.07511 1.19691 14.5506
61 3.80228 2.12860 2.12010 1.15498 12.2409
62 3.71747 2.11421 2.13001 1.09156 12.8556
63 3.67647 2.06816 2.07369 1.09190 12.9929
64 3.61011 1.91457 1.97012 1.08315 12.7164
65 3.52113 1.82133 1.89599 1.03124 12.4761
66 3.40136 1.79064 1.80181 1.03172 12.7641
67 3.30033 1.78682 1.71728 1.02217 10.1944
68 3.14465 1.79857 1.64688 0.98693 9.3602
69 2.95858 1.74929 1.56402 0.96780 8.9725
70 2.84091 1.89600 1.52305 1.08132 8.9777
71 2.84091 2.13003 1.56071 1.14971 9.4836
72 2.57732 2.32883 1.67120 1.19100 9.6367
73 2.42131 2.80233 1.83698 1.27204 9.8743
74 2.22717 4.72145 1.96118 1.87900 11.1889
75 2.03252 4.53281 2.35260 2.29372 12.5642
76 1.91205 4.52383 2.78443 2.12444 13.1129
77 1.78891 4.65263 3.28278 2.02029 14.0804
78 1.66113 4.33255 3.40315 2.36679 14.6500
79 1.52439 4.93325 3.67230 2.16496 14.7817
80 1.39470 6.46653 4.11400 2.21363 16.1755
81 1.26743 6.85175 4.53261 2.01805 17.2961
82 1.19332 6.57985 4.78905 2.06545 18.1037
83 1.14811 6.17437 4.65818 1.87749 18.1169
84 1.09890 6.31643 4.80093 1.87458 17.9333
85 1.05932 5.79195 5.02552 1.87633 18.0639
86 1.03199 ....
87 1.00000

3_93663 3_30443
,

15_327688 096339 1.61850
89 0.92081 . •
90 0.88339 . •
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Table E-22D. Manufacturing Prices, 1958-1990

SIC=TRANSP EQUIP

YEAR DOL87 POIL87 PNATGS87 PCOAL87 PELEC87

58 3.90625 1.96942 1.77499 1.31515 13.1265
59 3.90625 2.00503 1.84651 1.30640 12.9556
60 3.84615 2.00868 1.87640 1.23208 13.6017
61 3.80228 2.04793 1.90628 1.19941 11.2869
62 3.71747 1.99719 1.91299 1.15307 11.9970
63 3.67647 1.96792 1.89544 1.15567 12.2323
64 3.61011 1.82467 1.83197 1.14786 12.0970
65 3.52113 1.75211 1.79040 1.09019 11.9425
66 3.40136 1.74222 1.73115 1.09020 12.2762
67 3.30033 1.75925 1.67349 1.07825 9.7526
68 3.14465 1.72735 1.62006 1.11059 9.0085
69 2.95858 1.64132 1.55303 1.14382 8.7247
70 2.84091 1.79945 1.52661 1.31571 8.8458
71 2.84091 2.02949 1.57348 1.43989 9.4580
72 2.57732 2.21021 1.66224 1.51275 9.8030
73 2.42131 2.68774 1.79980 1.63794 10.2094
74 2.22717 4.56832 1.89976 2.21133 11.6844
75 2.03252 4.36571 2.41401 2.83728 13.1859
76 1.91205 4.28019 2.83296 2.44100 13.6002
77 1.78891 4.42965 3.32335 2.19344 14.3320
78 1.66113 4.13385 3.39423 2.55971 14.8063
79 1.52439 4.85891 3.65226 2.49399 14.8162
80 1.39470 6.03655 4.08384 2.46235 16.4471
81 1.26743 6.91990 4.47633 2.34538 17.2914
82 1.19332 6.62357 4.73153 2.40104 18.2659
83 1.14811 6.21727 4.59388 2.22500 18.5019
84 1.09890 6.34763 4.70962 2.20440 17.3135
85 1.05932 5.79046 4.92190 2.22187 17.0704
86 1.03199 ....
87 1.00000
88 0.96339 3"51607 3_35260 1"97495 12_9480
89 0.92081 . . .
90 0.88339
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Table E-22D. Manufacturing Prices, 1958-1990

SIC=INSTRUMENTS

YEAR DOL87 POIL87 PNATGS87 PCOAL87 PELEC87

58 3.90625 2.65679 2.26734 1.51779 17.4773
59 3.90625 2.54744 2.26920 1.51848 16.9301
60 3.84615 2.38597 2.23389 1.43869 17.3380
61 3.80228 2.27832 2.21581 1.41004 14.8308
62 3.71747 2.07530 2.15969 1.35894 15.2017
63 3.67647 2.03389 2.17070 1.34633 15.4226
64 3.61011 1.88543 2.12929 1.32026 15.1650
65 3.52113 1.80605 2.10662 1.24069 14.8355
66 3.40136 1.77810 2.05646 1.22753 14.9649
67 3.30033 1.79311 2.01865 1.20178 12.3107
68 3.14465 1.73740 1.88471 1.17319 11.4490
69 2.95858 1.67958 1.75557 1.15831 10.9988
70 2.84091 1.82394 1.66176 1.27862 10.9857
71 2.84091 2.11944 1.66381 1.35894 11.5355
72 2.57732 2.39618 1.81971 1.36936 11.7706
V3 2.42131 2.91281 2.02213 1.43298 12.1806
74 2.22717 4.70258 2.17981 1.95199 13.5394
75 2.03252 4.41324 2.52280 2.60928 13.9326
76 1.91205 4.14572 2.91170 2.63682 14.9329
77 1.78891 4.29361 3.20105 2.32845 15.3863
78 1.66113 3.96175 3.46943 3.81090 15.9168
79 1.52439 4.62564 3.77308 2.45995 16.4673
80 1.39470 6.03026 4.23859 2.42064 17.6155
81 1.26743 6.85370 4.69480 2.46977 18.7865
82 1.19332 6.43423 4._5795 2.42710 19.8491
83 1.14811 5.95283 4.65703 2.15563 20.5547
84 1.09890 6.01496 4.73243 2.06661 19.8663
85 1.05932 5.34988 4.88061 2.01889 19.4920
86 1.03199 ....
87 1.00000 • . . .
88 0 96339 3 36952 3.60308 1 65703 17 3988
89 0.92081 . .
90 0.88339 • . .
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Table E-22D. Manufacturing Prices, 1958-1990

SIC=MISC MFG

YEAR DOL87 POIL87 PNATGS87 PCOAL87 PELEC87

58 3.90625 2.32003 1.75039 1.36019 20.7345
59 3.90625 2.34048 1.95578 1.37011 20.2098
60 3.84615 2.32974 2.12472 1.31047 20.4079
61 3.80228 2.37215 2.30513 1.29795 17.7107
62 3.71747 2.29494 2.44470 1.26459 17.9564
63 3.67647 2.26484 2.40597 1.26661 18.0628
64 3.61011 2.12300 2.31791 1.25652 17.7364
65 3.52113 2.03525 2.25619 1.19563 17.3772
66 3.40136 2.00030 2.17169 ]..19766 17.5013
67 3.30033 2.00916 2.09922 1.18666 14.8171
68 3.14465 1.91907 2.04294 1.13497 13.5051
69 2.95858 1.79201 1.96701 1.09619 12.6413
70 2.84091 1.88319 1.93632 1.19687 12.2813
71 2.84091 2.06593 1.99987 1.25043 12.5672
72 2.57732 2.29250 2.00074 1.17024 12.3996
73 2.42131 2.80355 2.08866 1.16563 12.4590
74 2.22717 4.72758 2.13381 1.63927 13.5759
75 2.03252 4.64103 2.59074 2.07924 14.8844
76 1.91205 4.60175 3.10780 2.12450 15.7634
77 1.78891 4.74389 3.39368 2.35584 16.]115
78 1.66113 4.50849 3.62061 2.15112 17.5989
79 1.52439 5.57863 3.87723 2.22029 18.4094
80 1.39470 7.00684 4.22774 2.21132 19.3155
81 1.26743 7.00385 4.72644 2.13437 20.1548
82 1.19332 6.95862 4.98103 2.38349 20.4620
83 1.14811 6.40600 4.84538 2.25068 21.6610
84 1.09890 6.71710 4.96935 2.34280 20.4414
85 1.05932 6.09130 5.17172 2.37773 20.0751
86 1.03199 ....
87 1.00000 .
88 0 96339 4 44824 3_60308 1_75337 18_4875
89 0.92081 . .
90 0,88339 ....
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