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| 1. Introduction
' .PurpOSe of this Report

This report documents the ob_]ectrves analytlcal approach and development of the N atlonal
Energy Modeling System (NEMS) Industrial Demand Model. The report catalogues and
‘describes model assumptions, computat10nal methodology, parameter estimation techmques, and
model source code.

This document serves three purposes Flrst it is a reference document prov1d1ng a detalled :
description of the NEMS. Industrial Modei 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 models (Public Law 94-385, section 57.b2). 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 S'ummary

The NEMS Industnal Dema.nd Model is a dynarmc accountmg model bnngmg 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 2015) forecasts of industrial sector energy demand as a component of the NEMS mtegrated N
- forecasting system. From the NEMS system, the Industrial Model receives fuel prices,
employment data, and the value of industrial output. Based on the values of these variables, the
Industrial Model passes back to the NEMS system estlmates of consumptlon by fuel types

The NEMS Industrial Model estimates energy consumpnon by energy source (fuels and
feedstocks) for 9 manufacturing and 6 nonmanufacturing industries. The manufacturmg
industries are further subdivided into the energy-intensive manufactunng industries and non-

: energy-mtenswe 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 nonmanufactunng industries, are modeled through econometrically based equations.

The industrial model forecasts energy consumption at the four Census region levels; energy

consumptlon at the Census division Ievel is allocated by using SEDS data.

Each mdustry is modeled as three components consisting of the process/assembly component
(PA), the buildings component (BLD), and the boﬂer/steam/cogeneratlon 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 separated into the major productlon '
- processes or end uses.

, - Energy Informatlon Administration :
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Archlval Media ‘
The model has been archived on IBM RISC 6000 magnetm tape storage as part of the National
Energy Modeling System production runs used to generate the Annual Energy Outlook 1997. It
o is archlved as Flle 1 on Verbatnn tape, 8mvaL 112M serial number 1046G1 12

Model Contacts
Cedric Britt
(202)586-1504

- cbritt@eia.doe.gov

T. Crawford Hon_eyéutt\
(202)586-1420 7
- choneycu@eia.doe.gov.

, Office of Integrated Analys1s and Forecastmg
Energy Demand Analysis Branch

- 1000 Independence Avenue, SW

EI-813, Room 2F-094

Washington, DC 20585

Energy Information Administration
2 NEMS Industrial Demand Model Documentation Report




Orgamzatlon of thls Report

- Chapter 2 of this report discusses the purpose of the NEMS Industrial-Demand Model deta1hng L
its objectives, input and output quantities, and the relanonshlp of the Industrial Model to the
other modules of the NEMS system. Chapter 3 of the report describes the rationale behind the
Industrial Model de51gn, providing insights into further assumptions utilized in the model.
Chapter 4 reports model sensitivities. Chapter 5 details the model structure. The first section in
~ Chapter 5 provides an outline of the model. The second section in Chapter 5 provides a
description of the principal model subroutines, 1nc1udmg the key computations performed and
key equations solved in each subroutine. o 8 - :

. The Appendlces to th1s report prowde supportmg documentatlon for the Industrial Model.
Appendix A lists and 'defines the common variables used in the Industrial Model in Tables Al-
All. The same variable names are used in the text of the documentation. . Table A12 provides.a
~ brief description of the subroutines used in the model. Appendix B is a bibliography of data

~ sources and background materials used in the mode] development process. Appendix C consists
of a model abstract Appendlx D hsts the input data and estimation methods for denvmg the

- input data.

: . Energy Information Admlmstrauon . _
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2. Model Purpose

Model Objectives |
" The NEMS Industrial Deinand 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 2015) 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 15 SIC industry groups. The Industrial Model forecasts energy

" consumption at the four Census region levels; energy consumption is allocated to the Census
division level based on SEDS data. ‘ o : E -

" The NEMS Industrial Model is an annual énergy forecasting model; as such; it does not model
seasonal variations in fuel demand or fuel prices. The model was designed primarily for use in -
applications such as the Annual Energy Outlook and other applications that examine mid-term
energy-economy interactions. o SR ' I '

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. o

- To-a lesser extent, the Industrial Model can endogenously analyze specific technology programs
or energy standards regulations. The model distinguishes among the energy-intensive ‘
¢ manufacturing industries, the non-energy-intensive manufacturing industries, and the non- ‘
manufacturing industries. Energy consumption in the non-energy-intensive industries is modeled
~ econometrically. Consequently, the Industrial Model does not currently have the capability to
~ model 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 pulping process. 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. "

_ . : S ' Energy Information Administration B :
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Intérabtion with Other NEMS Models -'

Table 1 shows the Industrial Model mputs from and outputs to other NEMS modules Note that
all mter-module interactions must pass through the mtegratmg module

‘ Table' 1. Interactlon Wlth Other NEMS Modules
INPUTS | From Module

Controlling information (iteration count, present ye‘ar,'number | '7 SyStem " : ll l .'
of years to be modeled, converLce switch, etc.) ' '

Electricity pnces _ o Electnc1ty Market Module " -

,Naturalgasprices L e ‘.'4 NaturalGasT&D

Steam coal prices PR : Coal Supply - u
Metallurgical coal prices ‘ ~ v

"Dlstﬂlatc oil pricés T k - o : - »Petroléyum Market Module."

Residual oil prices
LPG prices ‘

' Motor gasoline prices - ‘ R
Petrochemical feedstock prices . B - ' "

Asphalt and road oil prices.
Other petroleum prices

Value of output :

Refinery consumptlon of o : Petroleum Market Module
- Natural gas - ‘ ' ' ' Lo
Steam coal
Distillate oil
“Residual oil
LPG - ‘
. Still gas
Petroleum coke ,
‘Other petroleum -~
Purchased Electricity

Lease and Plant Natural Gas Consumption - - | Natural Gas Transmission \
| and Distribution Module

_ Energy Information Administration t _
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" Table 1.

Interaction with Other NEMS Modules, cont.
~ QUTPUTS |

1 To Module .

Industrial consumption of: -
‘Purchased electricity =
" Natural gas ‘
Steam coal .
' Metallurgical coal
Net coal coke imports
‘Distillate oil -
~ Residual 0il -
LPG
Motor gasoline
Kerosene

Still gas
Petroleum coke
Other petroleum

Petrochemical feedstocks

Suﬁply Modﬁles

‘Consumption of renewables:

Biomass
- Hydropower -
Solar/wind/geothermal/etc.

System

Nonutility generation: -

Cogeneration of electricity

-Electricity sales to the
grid and ownuse

Electricity Market Module

Energy Information Administration .
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| ‘3. Model Rationale
‘Theoretical Approach

Introduction

The NEMS Industrial Model can 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 mdustnal sector is used as the framework from
which to base the dynamms of the model

' One of the overndmg charactenstlcs in the mdustnal sector is the heterogenelty of mdustnes
- products, equipment, technologies, processes, and energy uses. Adding to this heterogenelty is

that the industrial sector includes not only manufacturmg, but also agriculture, mining, and -
construction. These disparate industries range widely from highly energy-intensive activities to
non-energy-intensive activities. Energy—mtenswe industries are modeled at a disaggregate level .
so that changes in composition of the products produced will not 31gmﬁcantly 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 msaggregate as to require

- extensive resources for data development and for runmng the model.

Modeling -Approach .

A number of considerations have been taken into account in building the industrial model. "These
considerations have been identified largely through expenence with the current and previous EIA
models and with various EIA analyses, through communication and association with other

- modelers and-analysts, and through 11tera1:ure review. The pnmary cons1derat10ns are hsted
below. -

] The industrial model incorporates three major industry categories, consisting of
' energy-intensive manufacturing industries, non-energy-intensive manufacturing
industries, and nonmanufacturing industries. The level and type of modeling and
the attention to deta.11 is dlfferent for each - '

X Each industry is modeled as three separate but interrelated cornpenents consisting |
of b011ers/steam/cogenerat10n (BSC) buildings (BLD) and process/assembly (PA)
actlvmes

Energy Information Administration
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@ The model uses a vintaged capital stock accounting 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.

. . Technol_ogy penetraﬁon'at the level of majdr pfocesses in each encrgy—iﬁt’enéivé E o
- industry is based upon engineering judgment. i . o ’

. ®  The model structure accommodates several industrial sector activities including:
~ fuel switching, cogeneration, renéwablés consumption, recycling and byproduct
~ consumption. The principal model calculations are performed at the four Census
region levels and aggregated to a national total. '

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; seven of these are modeled inthe
industrial model. These are as follows: food and kindred products (SIC 20); paper and allied

_products (SIC 26); bulk chemicals (SICs 281, 282, 286, and 287); glass and glass products (SICs
321, 322, and 323); hydraulic cement (SIC 324); blast furnaces and basic steel products _
(primarily SICs 331, 332, etc.); and primary aluminum (primarily SICs 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 €X0genous to the
Industrial model, but endogenous to the NEMS modeling systern. . " S

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). Thé 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 Adinin_istra_tion
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Figure 1. Industrial Model Components

Energy Sources

-

Boilef/Steani/Cogeneration

(BSC)

Steam &

electricity

- | ’
. Buildings and Others (BLD)
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The flow of energy among the three industrial model components follows the arrows. 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. SRR LA o

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 stock will consist of
state-of-the-art technologies that are relatively more energy efficient than the average efficiency
of the existing capital stock. Consequently, the amount of energy required to produce a unitof
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 1991 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 anid tear. The net effect is that over time the amount of energy required to
- produce a unit of output declines. Althoughtotal energy consumption in the industrial sector is-
projected to increase, overall energy intensity is projected to decrease.

Energy ,consuinp’tion in buildings is assumed to ger at the same rate as employment in that
indystry.! Energy consumption in the BSC is assumed to be a function of the steam and -
electricity requirements of the other two components. ‘

' Industry Disaggregation

Table 2 identifies the industry groups to be modeled in the industrial sector along with their
Standard Industrial Classification’ (SIC) code coverage. These industry groups have been chosen
for a variety of reasons. The primary consideration is the distinction between energy intensive .
groups (or large energy consuming industry groups) and non-energy-intensive industry groups. -
The energy-intensive industries are modeled more in detail, with aggregate process flows. The

) Note that manufacturing employment generally falls in a typical Annual Energy Outlook forecast. Asa resillt,
buildings’ energy consumption falls over time. Given this situation, we have assumed there is no additional consumption ..
decline due to efficiency increases. /

2The Standard Industrial Classification (SIC) codes have been modified at various poiﬁts 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. : '

v Energy Information Administration
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industry categones are also to be as cons1stent as p0351b1e with the categones wh10h are avallable :
from the Manufacturing Energy Consumption Survey (MECS).? Table 2 identifies 6 -

' nonmanufacturing industries and 9 manufactunng industries. Within the manufacturmg
industries, the seven most energy-intensive aré modeled in greater « detail in the Industrial ;
Demand Model Refining (SIC 2911), also an energy-mtenswe mdustry, is modeled elsewhere in
NEMS

' Table 2. Industry Categorles

Energy-lntenslve Manufacturing -{ Nonmanufacturing Industnes
: Food and Kmdred Pfodqqts (SIC 20) 7 - Agncultural Productlon - Crops (SIC 01)
Paper and Alliéd .Products (Sic 26) . o Other Agnculture mcludmg L|vestoek'(SIC 02 07,
Bulk Cherﬁicals (sIc 23i, 282, 286, 287) , | Coal Mmmg sic 12) % 09)
~ Glass and Glass Products (SIC 321, 322, 323) _ VOIil and Gas Mi'ning‘ (SIC 13) | v
’Hydraullc Cement (SiC 324) : _ | Metal and Other Nonmetalllc Mining (SIC 10, 14)
~ Blast Furnaces and Basnc Steel (SIC 331 322) ) : /Constructlon (SIC 15, 16, 17)
Primary Alumlnum (sic 3334) |
Nonenergy-lntensnve Manufacturing ‘
Metals-Based Durables (SIC 34, 35, 36, 37,38)
S%l)’ler Manufacturmg (all remaining manufactunng

SIC Standard lndustnal Classmcatlon
Source: Office of Management and Budget, Standard Industrial CIass:flcatlon Manual 1987 (Spnngfleld VA,
Natlonal Techmcal Informatlon Service).

‘ Energy Sburces Modeled'

The NEMS Industrial Model estimates energy consumption by 15 SIC mdustnes for 17 energy |
types. The ma_]or fuels modeled in the Industrial Model are: :

e Electricity

v All of the two digit industries can be made consistent with the pubhshed tables in MECS, but the pubhshed MECS
tables do not always have subcategories (below 2 digit) that add up to their mdusu'y total." Moreover, in cases where there
are subcategories, MECS uses fairly specific 4-digit industry which is typically at a lower level of detail than that which is
desired for the mdustnal model. This makes for some dlfﬁculty with coordination. ,

Energy Informatlon Admxmstratlon A -
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Natural Gas
Steam Coal
‘Distillate Oil
- Residual Oil -
LPG for heat-and power
~ Other Petroleum
" Renewables
_-Motor Gasoline

Other‘energ"y sources that are used in speciﬁc indus_tries are also modeled:

‘Natural Gas Feedstock
Coking Coal (mcludmg net nnports)
LPG Feedstock -
Petrochemical Feedstocks:
Asphalt and Road Oil -
- Still Gas
~ Petroleum Coke -
Other Petroleum Feedstocks

In the model byproduct fuels are a.lways consumed before purchased fuels.

- Key Computatlons -
The key computations of the Industrial Model are the Unit Energy Consumpuon (UEC) estrmates
made for each SIC industry group. UEC is defined as the amount of energy required to produce
one dollar's worth of output. The overall ‘modeling approach posits a putty/clay process of
investment to determining UECs. This means that before a piece of equipment or industrial
process is installed, the factor inputs may be somewhat variable. Thus, the combination of
energy 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 proporuons cannot be changed without additional investment. This characterization of the
industrial expansion process leads to the notion that the existing cap1ta1 stock has limited
variation of input ratios of energy versus other factors, but when new capital is added the input
ratios are more variable. In practice, the fuel use pattern typically is similar across vintages.
Distinguishing between the characteristics of the process when new capital equipment is put into
~ place and the characteristics of the process with ex1st1ng capltal equlpment is done with a '
v1ntage-based accountmg procedure ‘

The modeling approach mcorporates technical change in the production process to achieve lower
energy intensity. Autonomous technical change can be envisioned as a learning-by-doing process
. for existing technology As experience is gained with a technology, the costs of production

: .'Energy Informatmn Administration
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decline. Autonomous technical change is the most important source of energy-related changes 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. 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 engmeermg modelmg at the level of
. dlsaggregatlon in the Industrial Model s

- Bu:ldmgsComponentUEC S R L o

Buﬂdlngs are est:lmated to account for 6 percent of heat and power energy consumptlon in -
manufacturing industries.* Estimates of 1991 manufacturing sector building UEC’s are presented
in Table D1 in Appendix D. 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 humans rather than machines.

Process and Assembly Cbmpohent ,UEC

The process and assembly component accounted for the largest share, 52 percent of dlrect energy '
consumption for heat and power in 1991. Of the total, natural gas accounts for 52 percent and -
. electricity accounts for 38 percent. '

Estimation of the PA component UEC:s differs according to whether the industry is an energy-
intensive industry or an energy non-intensive industry. UECs for the energy non-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 of
Technology Pos51b1hty Curves. Each of these methods is discussed in the following sections.

Fuel shares for process and assembly energy use in six of the energy-intensive manufacturing
industries® are adjusted for changes in relative fuel prices. The six industries are food, paper,
chemicals, glass, cement, and steel. In each industry, two logit fuel-sharing equations are applied
_ to revise the initial fuel shares obtained from the process-assembly component. The resharing
does not affect the industry’s total energy use--only the fuel shares. The methodology adjusts

Cornputed from Energy Information Administration, Manufacturing Consumption of Energy 1991, DOE/EIA- .
0512(91) (Washington, DC, December 1994), Table 36. Note that byproduct and non-energy use of combustible fuels are
) excluded from the computation. .

Primary_ aluminum is excluded because it uses only electricity in the process and assembly component.

Energy Infnrmation Administration ' ‘
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total fuel shares across all process stages and vmtages of equrpment to account for aggregate
* market response to changes in relative fuel pnces

- The fuel share adjustments are done in two stages. The first stage determines the fuel sharesof
_ electric and nonelectric energy. The latter group excludes boiler fuel and feedstocks. The second
stage determines the fossil fuel shares of nonelectric energy. In each case, a new fuel-group
share, NEWSHR is established as a function of the initial, default fuel-group shares,
DEFLTSHR; and fuel-group price indices, PRCRAT;. The price indices are the ratio of the
current year price to the base year price, in real dollars The formulation is as follows:

(5 p,*PchA'r,)

f ' DEFLT SHR.
NEWSHR . - | o
- EDEFLTSHR « B BTRORAT) | '
] =1
" lwhere: S ‘ -
NEWSHR; = New fuel—group share for fuel i, and a

- DEFLT SHR. Default fuel-group share for fuel i
' The coefficients ,B are all assumed tobe 1.

The form of the equation results in unchanged fuel shares when the price indices are all 1, or
: unchanged from their 1995 levels. The implied own-pnce elasticity of demand i is about 02,

Non-Energy-lntehsive Manufac’turing UEC Estimation |

Currently, non-manufacturing UEC estimation 1ncorporates pnce-mduced energy mtensrty .
changes and autonomous efficiency trends in a single 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 mcorporatlon of new technology and current price expectat10ns in
the production process :

.The pnce-rnduced technical change can be represented asa functlon of price changes. 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 1ncorp0rate 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 exrstmg technology. The resulting equatron takes the .
following form: :

: \ Energy Informatlon Administration
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/ -1 B

- UEC, =a[ P, ,)"f X 2.9 S o o
- UECGpo5 P 1958 "v919ss g |
where:

UEC,, = .\Unit ene'.rgyconsur‘nption for fuel fin year ¢, N

.UEcﬁ,gsg © = Unit enefgy consulnption for fuel fin year 1958,

P = Priceof'fuel finyeart, in 1987 dollars, |

P oss “ « = _ ‘Pnce of fuel fin year 1958, in 1987 dollars

O = Output in year 1958, in 1 1987 dollars,

Q0 " o= kOutput-myearz

: ; The o parameter captures the effects of mﬂuences on the UEC that are not spec1ﬁed in the
model. :

: In double log form, thisfformulat'ion leads to estimated elasticities as follows: :

Tl

o) et ]+ 7 I
N UECG1058) f19ss o Quoss ) R :

The estimated §, and B, would then represent the UEC elasticity for price-induced and
autonomous change, respectively. The B, are expected to be less than zero, but §, may be
positive or negatlve Snmlar UEC elashcmes are estimated for natural gas petroleum products,
and coal. : .

~ The unit energy consumption values for metals-based durables and other non-intensive -
" manufacturing industries are estimated using the implied fuel cost shares from a translog model
Assummg constant returns to scale, the translog cost functlon is specified as follows

v Energy Information Administration o o
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(@ - ao_+2a1n<w>+—[ EdJn(w,)ln(w,.)}ﬂn(y) B O

where dy=d; to insure symmetry The opumal share for input I can be found by
dlfferentlatmg the (log) cost function with respect to the (log) pnce of the i'th fuel

aln(c) - acw - l l _ _ d . ,‘ .
ain(w) aw'.cw e “; e O

where aclaw =X; by Shephard's Lemma Theory requ1res that the cost function be homogeneous ‘

o of degree one in input prices. For the translog model this unphes that e

Etx =1

*2 S0, i Ln E N )
J=1 . .

;2=1:d” j=1luun

These condmons allow us to eliminate one equation, because its parameters can be inferred from .
equations (3). These equations were esumated usmg nonlmear opt1m1zat10n techniques in the
Statlstlcal Analys1s System ,

In the future a similar Translog spemﬁcatlon will be used for the non-manufactunng industries.

The basehne (1991) PA component UEC values for the non-manufactunng and the non-energy-
intensive manufactunng industries are given in Appendix D, Table D2 and Table D3, '
respectlvely The regression parameter estimates (B, and B,) for the non—manufactunng

- industries are given in Table D4 in Appendix D.. ‘Those fuels or non—manufactlmng industries
that do not appear in Table D4 are assumed to have constant UECs. The regression results for
metals-based durables and other non-intensive manufactunng industries are located in Table D5 ‘
_ in Appendix D :

Energy-lntens:ve Industry UEC Estlmatlon

For the seven most energy—mtens1ve industries, energy consumphon 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, bulk chemicals, hydraulic cement, glass and glass products,
blast furnaces and basic steel products, and primary aluminum. (Petroleum refining is also a

. major energy consuming. 1ndustry but it 1s being modeled elsewhere in NEMS )

Energy Information Administration
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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
relatronshrps among the steps were specified. The process steps for the seven mdustnes were -
analyzed according to one of the followmg methodologres : :

Methodology 1. Developing a process ﬂowsheet and estimates of energy use by process step.
This was applicable to those industries where the process flows could be fairly well defined for a

' single broad product line by unit process step (paper and allied products, glass and glass

- products, hydrauhc cement blast furnace and basic steel products and pnmary alummum)

Methodology 2. Developmg end use estimates by generic process units as a percentage of total
use in the PA component. This was especially applicable where the diversity of end products and
" unit processes is extremely large (food and krndred products -and bulk chemicals). P

- In both methodologres, major components of consumpt10n are 1dentrﬁed by process for various
energy sources: :

Fossil Fuels

Electricity (valued at 3412 0 Btu/Kwh)
Steam; and .

Non-fuel energy sources.

The followmg sections present a more detaﬂed discussion of the process steps and unit energy

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

~ estimates are presented in Appendix D and are referenced in the text as appropriate. The process
~ steps are model inputs with the variable name INDSTEPNAME. .

Food and Kin, Products (SIC 2

The food and kindred products mdustry accounted for 14 percent of manufacturmg gross output

~ in 1991.

The food and kindred products industry consumed approximately 956 trillion Btu of energy in
1991. Energy use in the food and kindred products industry for the PA” Component was
estimated on the basis of end-use in four major categones

Steam or hot water :

Direct fuel used in a process such asin grain dryrng or d1rectly fired ovens,
Electrical energy used in refrigeration; and :
Other electrical energy.

Figure 2 portrays the PA. component's end-use energy flow for the food and kmdred products
1ndustry The UECs estimated for this industry are provrded in Table D6, Appendix D. Note

Energy Informatlon Admm:stratlon B ‘ :
~ NEMS Industrial Demand Model Documentation Report R 17




" 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 eﬁd—'use was steam (and hot water), which accounted for 57 percent of the total

~ energy consumption. Direct fuel use made up about 25 percent. Electnc energy contributed 18
percent of the energy consumptlon :

Figure 2, Food and Kindred Products End-Use Flow o

End Uses
y ] : ) : . - y .
Direct Heat \ Hot Water/ ‘| Refrigeration | Electric Other
- -Ovens ‘  Steam and Freezing -Ovens
-Roasters- | . |- -Pasteurizatiop -Process Heal
-Drying - .- -Sterilization
-Baking -Blanching
-Singeing ‘ - -Evaporation
y ~ ' -Distillation”

Final Consumption

Paper and Allied Products (ST 26) -

The paper and allied products industry’'s principal processes involve the conversion of 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 removed from
the surrounding lignin. Pulping can be conducted with a chemical process (e.g., Kraft, sulfite) or
a mechanical process. (In addition, a semi-chemical process is also available.) The pulping step

: -Energy Information Administration :
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also mcludes processes such as drying, hquor evaporatlon efﬂuent treatment and mlscellaneous B
‘ auxﬂlanes Bleachmg is required to produce white paper stock :

Flgure 3. Paper and Alhed Products Industry Process Flow

Vlrgln
Materials
" Wood Preparation
 Virgin Fibers Pulping " Virgin Fibers
S : ; ' o : Pulping
Waste Fibers 1| |
qupl_ng 10 ‘Mechanic;a‘:l "Semi-ChemicaI, - Kraft Suffite | .
A
Bleaching|
" NewScrap | _ !
, . Paper and Paper Boara
‘Making, Converting
OId Scrap - l
~ Final Consumption

. Paper and paperboard making takes the pulp from the above processes and makes the final paper

~ and paper board products. The manufacturing operations after pulp production are 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. The processes in the paper-

- Energy Inforntation Administration
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| making step 1nclude papermakmg, convertmg/packagmg, coatmg/redrymg, efﬂuent treatment
- and other ‘miscellaneous processes.

'In'1991, a total of 81 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 81 million tons of product, 65 percent
were produced from kraft chemical process, 5 percent from semi-chemical, 39 percent from
waste fibers and 8 percent from mechanical (groundwood). The average unit energy - )
consumption estimated for this industry is slightly over 27 million Btu/ton of final product The
unit energy use estlmates for this industry are provided in Table D7, Append1x D. 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. Use of recycled paper as the feedstock for the waste
~ fiber pulping step is taken into account. The reglonal d1str1but10n for each technology is shown
in Table D13 in Appendlx D. ' . _ \ S

Ik Chemi IC 281, 282, 286, and 2

. The bulk chemical sector is very complex. Industrial inorganics and industrial organics are the
basic chemicals, while plastics, agricultural chemicals, and other chemicals are either-
intermediates or final products The chemical industry is estimated to consume 25 percent (5
- quadnlhon Btu) of the total energy- consumed in the industrial sector. Tms industry is a major
energy feedstock user and a major cogenerator of electncny

The complex1ty of the bulk chemical industry, w1th 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 D8 in
~Appendlx D. The end—uses for the mdustry is shown in Figure 4. -

" Energy Information Admlmstratlon ‘
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Figure 4. Bulk Chemical Industry End-Use Flow

End Uses
4 y
 Electrolytic/ - o o . |
Electrothermal Other Electricity | DirectFuel | 7| Steam
A | :l ) b
Final Consumption

lass and Glass Products Industry (SIC 321, 322, 32

The energy use profile has been developed for the total glass and glass products industry, SIC
321,322, and 323. The glass making process contains four process steps: batch preparation,
melting/refining, forming and post-forming. Figure 5 provides an overview of the process steps .
involved in the glass and glass products mdustry While scrap (cullet) and virgin materials are
shown separately, this is done to separate energy requirements for scrap versus virgin material
melting. In reality, glass makers generally mix cullet with the virgin material. '

In 1991, the glass and glass product industry produced approximately 20 million tons of glass
“products. As noted by the Department of Commerce about half of this was attnbutable to.
container glass : ‘

The glass and glass product industry consumed approximately 226 trillion Btus of energy in 1991
as identified in the 1991 Manufacturing Consumption Survey. This accounts for about one

quarter 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

‘ Energy Information Administration ' ‘ ;
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) mamly in fumaces for meltmg Table D9 in Appendxx D shows the unit energy consumptxon |
,values for each process step.

~ Figure5. GlassandGlassProductsIndustry' SN | S
R '4ProcessFlow , | ‘ S ] ’-

~ Virgin
Materials

. Remelt/Cullet ' » ‘
Batch Preparafion
and Charging

Melting and Refining

Forming

Post-Forming

Consumer
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Hydraulic C ment Indus 24

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

are sent through crushing and grinding mills and then converted to clinker in the clinker
producing step. This clinker i 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-
infensive than the wet process. As a result, it is assumed in the model that all new plants will be
‘based on the dry process. Figure 6 prov1des an overview of the process steps mvolved in the

’ hydrauhc cement mdustry

The Portland Cement Assocratlon reported that in 1991 the hydrauhc cement mdustry produced
74 million tons of cement, of which 70 million or 95 percent was Portland cement with the
remaining 4 million tons being masonry cement. Since cement is the primary binding mgred1ent 4
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 th_e levels of construction activity. The wet process- accounted
for 37 percent of production, while the dry process accounted for-about 63 percent.

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

- (MMBtw/dollar value of output) in the U.S. industrial sector. The industry consumed
approximately 312 trillion Btu of energy in 1991 as 1dent1ﬁed in the 1991 Manufactunng
Consumption Survey. This accounts for 35 percent of the energy consumed in the stone, clay and
- glass industry. Direct fuel, used in clinker-producing kilns, accounted for 90 percent of the total
energy consumption, with the remaining 10 percent attributed to electricity. The electricity
consumed is used to operate crushing and gnndmg equipment, materials handhng equipment,
machme drives and pumps and fans. -

The wet process requlres srgmﬁcantly larger amounts of energy which can be largely attributed to
- fuels used to dry the feed. ‘While wet grmdmg is known to require less energy than dry 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
shghtly larger esumated electric energy use for the wet process. ‘

The UEC values for each process in the hydraulic cement industry'are shown in Table D10,

. Appendix D. 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 productron processes is
presented in Table D13 in Appendlx D. :
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Figure 6. Cement Industry Process Flow
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~ The blast furnace and basic steel products industry includes the following six major process
steps: ~ o ' ’
Agglomeration;
Cokemaking;
Iron Making;
Steel Making;
Steelcasting; and:
Steelforming.

Energy Information Administration
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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-mtegrated
, plants in general perform only the last three steps. :

For the Industrial Demand Model a process flow was: developed to classrfy the above six process
steps into the five process steps around which unit energy consumption values were estimated.
Flgure 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 s1mp11ﬁed descnptron of d very complex

. industry is provided below.

Iron is produced in the Blast Furriace (BF), which is then charged into a Basic Oxygen Furnace
* (BOF) or Open Hearth (OH) to produce raw steel. The OH i is now becoming obsolete. -
However, it was used to some extent in 1991." The Electric Arc Furnace (EAF) is ut1hzed to
-produce raw steel from an all scrap charge, sometlmes supplemented with direct reduced iron -

: ‘(DRI) or hot bnquetted iron (HBI)

-The raw steel is cast into ingots, blooms billets or slabs some of which are marketed d1rectly
(e.g., forging grade billets). The majority is further processed ("hot rolled") into various mill
_products. Some of these are sold as hot rolled mill products, while some are further cold rolled

' to 1mpa1’t surface finish or other desirable propertres :

In 1991 the U. S steel 1ndustry produced nearly 100 million tons of raw steel utrhzmg the
BF/OH, BF/BOF and the EAF. Taking process ylelds into account, the total shipments were -
approximately 85 million tons.  The EAF accounted for almost 40 percent of the raw steel -
production, whereas the BF/BOF accounted for 55 percent and the BF/OH for 5 percent.
Continuous casting was the predominant casting process whereas ingot casting is declining.
" Final products/ consumption were made up of hot rolled products (about 60 percent of the tota.l)
with the difference being cold rolled products along with a sma.ll amount of direct shlpped mgot
blllets blooms and slabs. - v : '

Table D1 l in Appendlx D summarizes UEC est1mates by process step and energy type for the -

- steel 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 D11) which are used throughout the steel plant. For the integrated P
producers, it is assumed in the model that all new capacity additions will be the blast
furnace/basic oxygen furnace technology and casting capacity additions will be the continuous
type. The regronal distribution of steel-makmg technologles is presented in Table D13

Appendix D. :
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Figure 7 Iron and Steel Industry Prdcess Flow.
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ri . Ind (SIC 3334)

The U.S. primary aluminum industry consists of two majors sectors: the pnmary 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 processmg 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, mcludmg
_ sheet, plate and foil. The secondary industry is scrap-based and supplies foundries that produce
die, permanent mold, and sand castings. In the past decade, the primary producers have been
moving aggressrvely into recyclmg alummum, especm.lly used beverage cans, into wrought
‘ products ’ S ,. _

/ The primary- alummum mdustry modeled in the Industrial Model generally accounts for.the
energy used in SIC 3334, alumina refineries and primary aluminum smelters. In the future, the
followmg SICs may also be explicitly accounted for: , v

SIC 3353: Aluminum sheet, plate, and foﬂ; ' o
SIC 3354: Aluminum extruded products; - '
SIC 3355: Aluminum rolling and drawing; n.e.c.; and -

- SIC 3341: Secondary Aluminum.

Dome_stic aluminum production plus aluminum ingot imports resulted in about 7.2 million tons a
of semi-fabricated product shipments from U.S. plants. Secondary (scrap-based) operations
added another 1.25 million tons. Total shipments were about 8.5 million tons. The primary
industry produced approximately 4.5 million tons of aluminum products in 1991.

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

presented in Table D12 in Appendix D.  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. The majority of the fuel for processing alumina and aluminum is used in kilns,

. furnaces and ovens. The regional distribution of smelters in the prrmary alummum Industry is
presented in Table Di3in Appendlx D.

: Technolagy Poss:blltty Curves and Relatlve Energy Intensities

' Future energy improvements were estlmated for old (retroﬁt) and new processes/plants 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 operation. The energy savings for old
processes/plants were estlmated usmg engineering judgment on how much energy conservatlon
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savings were reasonably achlevable in, each mdustry The estlmated annual energy savmgs
values for energy conservatron measures are modest (up to 0. 5 percent per year).

Unit energy consumptlon values for the state-of-the—art (SOA) and advanced technologles were
estimated. 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 consumptlon values for 1991 to develop a relative energy intensity (REI). Relative

- energy mtens1ty is defined as the ratio of energy use in a new or advanced process compared to

1991 average energy use (see Table D14 Appendlx D).

“The' savings shown in the append1x for the hsted technolog1esrepresent savings. over "average"
© 1991 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 inore years

after the time frame shown. An enefgy 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 technologres or a similar technology is likely to be.

successful. It is also recognized that in some instances thermodynamic limits are being

; approached which will prevent further s1gmﬁcant 1mprovements m energy savings.

' AThe 1mprovernent for new plants assumes the plant has been bullt w1th the SOA technologles '

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 1mprovements are often realized when advanced technologles 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 1991 energy usage.

: Addition’ally, even SOA technologies and advanced technologies can at tirnes be expected to
- show improvements once developed as the process is improved, 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. 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 (1991

stock) still operating can achieve up to 50 percent of the energy savings of SOA technology.

Energy Information Administration
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Thus, if SOA technology has an REI of 0. 80 old processes in the year 2015 will have an REI of
0.90. o v
_Wrth afew excepuons (noted as appropnate in Appendlx D), 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 d1fferent energy mix than the exrstmg technology,
1t is so noted. - , B

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 Table D14. However, since there is no partrcular meamng to measures of fit for this exercise,
they are not glven in Appendlx D. )

Table D14 in Appendlx D 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 1991 old plant average energy use which has been normalized to a value '
of 1.0. The list of SOA and advanced technologres consrdered in the analysrs is presented in
Table D15 Appendix D

Where the relative amounts of drfferent energy sources changes with tlme separate equations
were estimated for each energy source. The procedure for calculating UECs over time includes
establishing the energy sources used as a fraction of the total for each process step, as shown in
Table D16 in Appendrx D.

Boiler, Steam, Cogeheratiah Comp'onent'

The borler steam, cogeneratlon (BSC) component consumes energy to meet the steam demands
" from the other two components and to provide internally generated electncrty to the bulldmgs
and process and assembly components. The boiler component consumes fuels and renewable
energy to produce the steam and, in appropnate situations, cogenerate electrrcrty S
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The boﬂer component is estxmated to consume 40 percent of total manufacturing heat and power |
energy consumptron Within' the BSC component, natural gas accounts for 63 percent and coal -
26 percent. : ‘ :

'The steam demand and byproducts from. the PA and BLD Components are passed to the BSC
- Component, which applies a heat rate and a fuel share equation to the boiler steam requuements
to compute the requlred energy consumptlon

The boiler fuel shares are calculated usmg a log1t formulatmn (N ote that waste and byproduct :
fuels are excluded from the logit because they are assumed to be consumed first.) The equation
is calibrated to 1991 so that the actual boiler fuél shares are produced for the relative prices that
. prevailed in 1991. The equation for each manufacturing industry is as follows:

a,. .
ShareF uel = -——B)—

7
EP ) ®

‘where the fuels are coal, petroleum, and natural gas. The P, are the fuel prices o; are sensitivity
parameters; and the P, are calibrated to reproduce the 1991 fuel shares using the relative prices -
. that prevailed in 1991. (The values in the equation are presented in Table D17.) The byproduct
~ fuels are consumed before the quantity.of purchased fuels is estimated. The boiler fuel shares are
assumed to be those estimated using the 1991 MECS and exclude waste and byproducts.

‘ Cogeneration (the generation of electricity andlsteam) has been a standard practice in the

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

’ econometncally estimated equation that relates on-site electncxty generation to industrial steam =
- demand. : :

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 regressmn results are
presented in Table D18 Appendix D.

6 Computed from Energy Informauon Admlmstratlon, Manufactunng Consumpnon of Energy 1991, DOE/EIA
0512(91) (Washington, DC, December 1994), Table 36. Note that byproduct and non~energy use of combustlble fuels are
excluded from the computatlon
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' Assumptions
 Capital. Stock and Vlntagmg o o .

Industrial energy consumptlon is affected by mcreased energy efﬁmency 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 TPCs and the rate of growth is given by the Macroeconomic module. :
(Retirement rates from the Census Bureau and vintaging information are very sketchy.) At
présent, 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 Macroeconom.lc 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 hsted in Table D19in
Appendix D.

Renewable' Fuels
Renewable fnels 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 hquor a byproduct of the chemical

B pulp process in the paper industry, and wood

" Recycling

With projected higher landfill costs, regulatory emphasis on recycling, and potential cost savings,
recychng of post-consumer scrap is likely to grow. PrOJectmg 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. Assumptions for recycling in the Paper
and Allied Products and Blast Furnace and Basic Steel Products industries are shown in Table
D20 in Appendlx D. : ~ .

'LegislatiVe Implications

The Energy Pohcy 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 producmg coke, or increase unit energy consumption.

- The industrial model uses heat rates of 1.25 (80 percent efficiency) and 1.22 (82 percent
efﬁc1ency) for gas and 011 burners respectlvely These efficiencies meet the EPACT standards.
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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 m

" 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 mcorporates the necessary reductlons in unit energy consumptron for the energy— '
_ mtensrve industries. |

Several programs mcluded in the Chmate Change Actron Plan (CCAP) target the mdustnal

~ sector. Note that the potential impacts of the Climate Wise Program are also included in the
 CCAP impacts. The intent of these programs is to reduce greenhouse gas emissions by lowering
industrial energy consumption. The Department of Energy (DOE) program offices estimated that
full implementation of these programs would reduce industrial electricity consumptron by29 .

‘billion kilowatt-hours and non-electric consumption by 383 trillion Btu by 2000. However, smce o
the energy savings associated with the voluntary programs in the CCAP largely duplicate savings
- that would have occurred in their absence since some of these programs were not fully funded,

- total CCAP energy savings were reduced. The Annual Energy Outlook 1997 (AEO97) assumes.

that CCAP reduces electricity consumption by 16 billion kilowatt-hours and non-electric energy

consumptlon by 90 tnlhon Btu. The non-electnc energy is assumed to be steam coal. '

. For 2010 the DOE program offices estimated electncrty savmgs of 81 bllhon kﬂowatt-hours and

~ fossil fuel savings of 650 trillion Btu. -For the reason cited above, these estimates were revised to
47 billion kilowatt-hours for electricity and 190 trillion Btu for fossil fuels. In this situation,
_carbon emissions would be reduced by about 10 m11110n metric tons 2 percent) in 2010.

Fuel Sw:tchmg ~

Because the Industna.l Model produces annual projections, seasonal fuel sw1tchmg is not

considered. 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 ex1st1ng boilers to shift based on the logit formulation discussed above

Benchmarkmg

The Industrial Model energy demand forecasts are benchmarked to actual 1990 through 1994
State Energy Data System (SEDS) values to ensure that the model forecasts for these years
coincide with the SEDS consumption data. The benchmark factors are based on the ratio of the
~ * SEDS value of consumption for each fuel to the consumptron calculated by the model at the

‘ census dJVlSlOl’l level. :
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4. Model Sensrtlvmes

B Solution Methodology

The solution methodology of the NEMS Industnal Module is a dlrect one-pass computatron of .
linear and non-linear-equations to develop the industrial module outputs such as quantity :
demanded by fuel type. Consequently, convergence within the NEMS Industrial Module is never .
an issue nor is it relevant since the solution algonthm within the mdustnal module is not -
iterative.’ :

The module requires no estimate of the current-year solution to compute the solution to the
'NEMS Industrial Module. The current year solution is a function of lag year decision variables
in addition to fixed inputs from NEMS such as macroeconomic output and fuel prices. This
appendix contains a series of sensrtrvrty analyses for the purpose of illustrating the behavior of
- the industrial module These sensitivities illustrate how the module responds to changes in key
module mputs ona one-at-a-tlme basrs

Although rigorous tests have not been performed to determine the maximal ranges and input
interdependencies over which the module remains ‘'valid, the ranges used for the sensitivity
analysis for this exercise provide an indication of ranges for which the module has proventobe
~ valid. In addition, the sensitivity values were chosen to reflect price increases that have been
~historically experienced in the various markets for the fuel types considered for this study. Itis
- important to note that care must be exercised in selecting the proper range, especrally wrth mputs -
whrch are correlated SO that the module produces plausible results. L

Theoretical Co‘nsid‘erations

Because of the drrect (rather than 1terat1ve) solution algorithm and because all of the functrons
- implemented in the NEMS Industrial Module code are continuous and differentiable in the
" domain of applicability of the model (that is, when "reasonable and consistent inputs" ar
provided to the model), the module always produces a unique solution. As previously -
mentioned, some of the inputs to the module may be correlated (as in certain macroeconomic
inputs) and if inconsistent groups of such inputs or negative prices are chosen, then the module
may produce results that are either difficult to interpret or erroneous. Thus, when the module is
run in a stand-alone fashion, the user must be certain that the inputs are consrstent and credrble

Exarnples of assumptlons that w111 cause the module to produce umnterpretable results include:

L severely altermg base year data, e.g., doubling the 1991 energy
consumption for some or all industries,
] - assuming unrealistic efficiency gains through penetratlon of
presently unknown technologies, and
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o mod1fymg prices con31derab1y in excess of variations mstoncally expenenced
such as quadruphng pnces in one year. :

Sensltlwty Analysns

To examme . the NEMS Industnal Module's behavior under a vanety of situations, several module
runs were made to fest its sensitivity to altered values for key input variables. These runs were
compared with a reference case that was created in a stand-alone run.” Although this stand-alone
run was not based on the final results for the Annual Energy Outlook 1997, the final results do
not differ significantly.- The sections below describe the six maJ or mputs and five outputs chosen
for this exercise. - -

' lnput Variables , :
The seven input variables chosen for the sensitivity analyses ‘were selected based upon thelr
. perceived importance in producmg the Annual Energy Outlook forecasts The seven variables
and the magmtude of variation are given below :

Electrtcny, natural gas, steam coal residual fuel oil, and distillate prices. Five prices for the

major industrial fuels were each increased, one at a time, by 25 percent over their values in the

* stand-alone reference case in every year of the forecast (1997 through 2015).2. Fuel prices affect

~ the projected corisumption levels through own and cross price elasticities. Note that these are - -
essentially single-period elasticities. Consequently, they are not expected to vary over time
(within limits of the NEMS convergence tolerance). The response.to price changes is the result
of the methodologies applied to estimating fuel shares in the energy intensive industries, energy

* pon-intensive industries, and i in the boﬂer steam, cogeneration (BSC) component of the

industrial module : _ :

Technology Possibility Curve. The efficiency of new equipment plays an obvious and important
role in determining the level of energy intensity for the industrial sector. As described in the text
of this document, the assumed rate of energy intensity decreases is captured in the technology
possibility curve (TPC) for the energy intensive industries. For this sensitivity analysis, the TPCs
were increased by 23 percent relative to the stand-alone reference case beginning in 1997. Itis
expected that higher eqmpment efficiencies will cause both energy consumptlon and energy
intensity to decline. ThlS is ﬂlustrated by graphmg the effect on total energy consumptlon over
time.

. 7 Since energy demand for the refining. mdustry and for lease and plant natural gas consumpuon m the oil and gas
industry are modeled elsewhere in NEMS, the calculanons exclude these demands. :

$ Note that for natural gas, both the firm,and the interrupﬁble’ prices were increased by 25 percent.
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Output Variables

The sensitivities of five outputs were examined with respect to one-at-a-time vanatlon -of the -

above seven inputs. The five outputs chosen for examination were:
o the quantity demanded of electricity, '
the quantity demanded of natural gas, -
the quantity demanded of steam coal,
the quantity demanded of residual fuel oil, and
: the quantity demanded of distillate oﬂ

: Table 3 prov1des the fuel price elasncmes (the percent change of the output divided by the
‘percent change of the input) of the selected output variables with respect to the selected input
variables. Figure 8 displays the own price elasticity for the five fuel price variations. Table 4
provides the elasticities of total energy consumption with respect to technology and retirement
rates. These elasticities do vary over time. This variation can be seen in Figure 9 which
displays the variation in energy consumption for the technology and retirement scenarios.

‘ Table3 Fuel Prlce Elastlcmes .
_ __Own and Cross Elastlcltles m 2015
" | Blectricity | Natural | Coal | Residual | Distillate |
Inputs . ' | Gas - ‘ S
| Electﬁcity 0074 0092 0.605 | 0.080 0.017
Natural Gas | 0496 | 0220 | 1087 | 0346 | 0014
SteamCoal |  0021| 0061 | -0499 | 0451 | 0023
Residual |  0236| ~ 0036 | 0650| -0.587 0012 |
| Distillate 10247 0002 | 0578| 0.044 '-O;OSS_JJ
Table 4. Other Elasticities L ‘
| Total Delivered Energy
. 2000 2005 © 2010 | 2015
Inputs ‘
{| Techoology 002 00t | 007 -0.09
Retirement __Oos|  om6 005 | '-o.osjl |
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Flgure 8. Own Price Elasticitiqs

Prlce Responslveness : '

As shown on Table 3, the NEMS Industrial Module exh1b1ts fuel own-pnce elast101t1es for 2015
‘ranging from -0.587 for residual oil to -0.055 for distillate. The price elasticities observed in the
industrial model are generally constant over time because the model incorporates no dynamic

methodology for estimation based upon past prices or expectations about future prices.

‘Generally, the cross price elasticities are positive as expected but do-not show symmetry.
This result is due to the varying econometric methods used for estimating fuel shares for the
"energy intensive industries, energy non-intensive industries, and the boiler, steam, cogeneration
component in the industrial module. Further, since the elasticity results represent an aggregation
of diverse processes and industries, these quantities do not reflect a price response of a
~ particular type of equipment. In principle, the cross elasticities represent varying usages for
equipment that consumes different fuels and not fuel switching in any one type of equipment. -
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Respons:veness to Technology Penetration and Retirement Rate Changes ,
The results of this technology penetration and retlrement rate sensitivity scenario is independent
of any price effects on technological change over time in the industrial model. Asshownin -
Figure 9, increased technology penetration and retirement rates result in an expected increase in
the elasticity of demand for total delivered energy over time. In this scenario, a 25 percent
increase in the technology penetration rate and a 25 percent increase in equipment retirement
rates results in a 2.25 percent and 1.24 percent decline in total energy. 1ntens1ty respectlvely,
relative to the stand—alone reference case. :

Figure 9. Total Delivered Energy
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5. Model Structure

, Outlme of Model

Table 5 presents the solution outhne for the NEMS Industrial- Demand Model. The followmg
' ectlon prov;des an overview of the solution outline for the model. : .

| Subroutmes and Equatlons

This section prov1des the solution algorithms for the Industnal Model The order in wh1ch the
equations are presented follows the logic of the FORTRAN source code very closely to facilitate
. anunderstanding 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, multlphed by a factor) and re-stored under the same h

’ -vanable name.

1 ND :

IND is the main industrial subroutine called by NEMS This subroutme retneves 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 1994 (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 as shown in the following equation for the first model year. A similar weighted
average is used for all other fuels and model years However the previous year's consumpnon is
used rather than SEDS consumption.
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Table 5. Outline of Industnal Module
~ Industrial Module Solutlon Outlme

L Fll‘St Year: Inltlahze Data

A RCNTL: Read Control Opnons .
B. REXOG: ' Assign exogenous macroeconomic and energy price variables that come from NEMS :
€. IEDATA: Read ENPROD file with mduslry production pammeters -base year industrial output, UEGs, elasticities and
: . other coefficients;
D RSTEO: - Read Short Term Energy Outlook File with last available lnstory data and nauonal projecuons for the next
: two years. -

L Industry Procusmg

Loop through each of 14 industry g:oups, mcludmg 6 non-manufacnmng, 7 energy ifitensive and 2 energy non-mtensxve -
manufactunng mdustnes For each industry, loop tbrough each of 4 census reg;ons ‘

A RDBIN. " Read memory management ﬁle with previous year’s dsta for thxs industry, region
B. - CALPROD: - Compute revised productive capacity and throughput by process/assembly step and vintage;
. ' implement retirement and vintaging assumptions. .
C. - CALCSC: Conservation Supply Curve: Evaluate changes in UECs based on ‘Technological Possibility
: ' Curves (TPCs) or econometric estimates, depending on the industry. -
1. CALCSC1: Holds UECs constant for alternate Translog Approach in energy-intensive non-
: ) _ manufacturing’
2. CALCSC2: Apply CSC function and reset UECs
o 3. CALCSC3: Apply ADL TPC Approach. ) :

D. CALPRC: - Evaluate price-induced changes in UECs based on energy pnces, elasucmes

1 .CALPRCI: " Holds UECs constant N

2. CALPRC2: Apply constant own-price elasticity to UECS .
3. - . CALTLOG: - Revises UECs based on n'anslog function relaung factor cost shates 10 relanve energy
prices . .
E. CALBYPROD Calculate consumpuon of byproduct fuels
F . CALPATOT: Compute-consumption of energy in the process assembly component
'L INDPALOG: Optionally, adjust fuel shares for process-assembly industries using a 2-stage Togit
equation. First year, read spreadsheet file (INDPALOG.WK1) with logit coefficients :
a - CALPALOG evaluate logit shares for a given industry and a given set of fuels given
B changes in eneigy prices since the base year.

G. CALBTOT: - Compute consumption of energy in the buildings component
H. CALGEN: Compute electricity generation for sale and internal use by primie mover and fuel.
L7 CALSTOT: Compute Energy consumption in the Boxler—Steam—Cogenerauon (BSO) component
J. ‘WRBIN: Write memory management file with data on this industry, region
K - INDTOTAL: Accumulate total energy consumption for the industry

HnL ‘ National Sums:v‘

» A NATTOTAL: - Accumulate total energy consumption over all industries -
B. CONTAB: Accumulate aggregaxes for non-manufacnmng heat and power -

IV. WEXOG: Apply exogenous adJustments and assign values to global vanablos

A ' SEDS Benchmarking:
1. . SEDS years (through 1994): calculate regional benchmark factors as the ratio of actual consumpnon to model

. consumption for each fuel in four Census regions.
2. Post SEDS Years (1995-on): Optionally, multiply model consumption by the SEDS benchmark factors
Disaggregate energy consumption from 4 Census regions to 9 Census Divisions using shares from SEDS, ‘
Calibrate regional energy consumpuon to match the latest year of national-level history data (from the STEO ﬁle)
STEO Benchmarking:

1. STEO years: calculate national benchmark factors as the ratic of model consumption for each fuel to the

STEO forecast for each fuel.

2. Post-STEQ years: Optionally, over the penod 1998 to 2000 multiply model consumpuon by the STEO

:  benchmark factors. '
E. . Assign final results to NEMS variables

‘vow
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NUM,

Z DPRCXelecr x QSELINd,1990 ’
d=1 7

; OSELIN ;1000 -

PRCX,,,_,C,, . = Price for electricity in Census region r,

NUM} . = - ‘Number of Census divisions mCensus
o o reglon r,

DPRCX,,., - - - Prlce of electnmty in Census d1v1s10n d, and

‘QSELINaL 1590 o | SEDS consumpﬂon of electnmty in Census division
' din 1990‘ ' : ‘

]ND calls two subroutmes ISEAM the subroutme that gu1des the mdustnal model calculatlons, '

and WEXOG the subroutme that reports the results back to NEMS.

. ISEAM

ISEAM controls all of the industrial model calculatlons It opens extemal files for debuggmg,
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 RCNTRL to read runtime .
parameters 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: IEDATA, CALBYPROD, CALPATOT, CALBTOT, CALGEN, CALSTOT, and
INDTOTAL. After the forecast for the last Census region for a particular mdustry has been
calculated, the following two subroutines are called to compute totals: NATTOTAL 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 1ndustna1 cogeneratlon estimates to NEMS. '
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‘Subroutine RCNTRL

RCNTRL reads data from the inplit file INDRUN. - This file contéins internal centrol ,Variabl_esv'
for the industrial model. Data in this ﬁle are based on user defined parameters consistin_g of
indicator variables for subroutine tracing, debugging, ‘writing summary tables, options to -

calculate model sensitivities, and benchmarking options. ThlS file also.contains the number of
mdustnes to be modeled and the industrial mput file name. :

R : Subroutine REXOG

REXOG prepares exogenous data obtained from the NEMS MACRO model foruse inthe -
- 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 some industries, employment data must be
shared out between industries at the same two digit SIC level. In particular, the chenucal :
. 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 mdustry and the primary metals industry also requlre '
sharmg out of employment data. ‘ r

Subroutine IEDATA' - ~

- TEDATA stands for Industrial Enprod Data where enprod is the name of the mdustrlal input data
file. This routine consists of many subprograms designed to retrieve industrial input data.

. The call order of these routines is consistent with the data structure of the model. Most of these
subroutines perform no calculations and are simply listed with a description of their function.

The -routines are as follovx'/s:' ’
EH_EADER |

\Get mdustry and region 1dent1ﬁer numbers base year value of output, physical to dollar output
conversion factor, base year steam demand, and cumulative output 1958 1991. :

The ratio of physical output to 1990 value of output for ﬁve of the energy-mtensrve industries is
calculated (food and bulk chemical industries are excluded). This constant ratio is apphed to
value of output in subsequent years

I

o PHYSICAL. : | o |
PHDRAT, = ———— | - )
' PRODVX,, L s
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-v PHDRAT,- - - Ratioof phys1cal units to value of output for -
R ‘ : industry i, o

; PHYSICAL; _' ﬂPhysmal units of output for mdustry i,and

PRODVX,, N ‘ Value of output for mdustry iin Census reglon r.

- If the Unit Enéfgy Consumption (UEC) isin physical units, then the fo]lowing equation is ,used.

PRODX,, = PHDRAT, x PRODVX,, B (10)

'PRODX,-,, o , Output in physmal units for mdustry i in Census
. ' regionr,

PHDRAT, = ‘ Ratm of physmal units to value of output in mdustry '
' i,and S _ ,

B PR’ODVX,-,, = ~ Value of output for industry i in Census region r.
I the UEC is in dollar units, then the following equation is used.

" PRODX,, = PRODVX,,

Value of output for industry i in Census region r,
' and _

Value of output for industry i in Census region 7.
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IRSTEPDEF

Get production throughput coefficients, process step retirement rates, and other p'roc‘ess step flow
information. The latter includes process step number, number of links, the process steps linked
to the current. step, phys1ca1 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. hnkages 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 1. 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 fractlon of ﬁnal consumptlon The followmg example 111ustrates this procedure

7 Figure 3 above shows the process ﬂow for the paper and allied products mdusu'y The algebrarc -
representanon is as follows: .

- Number of tons of paper to be produced

Y, = Number of tons of material to go through the bleachmg process. -

Y, = Number of tons of material to go through the waste fiber pulpmg process.

Y, = -Number of tons of material to go through the mechanical pulping process. _
Y;= Number of tons of material to go through the semi-mechanical pulplng process :
Y= Number of tons of material to go through the Kraft pulping process.

Y~7 =

Number of tons of material to go through the wood preparatlon process

Then, we have the followmg

Y, = Some value of output, m tons (from the MACRO Module)
Y,= 0443Y, r :
Y,= 0.164Y;+0.164Y,

Y,= 0.068Y,+0.068Y,
Y= 0.037Y,+0037Y,
" Ye= 0424Y,+0424Y,
; Y,= 0.998Y,+0.998 Y;+0.998 Y

Energy Informatlon Admxmstratlon ' o
NEMS Industrial Demand Model Documentation Report : 43




If accordmg to the Pulp and Paper Assocratlon that Y, = 81 m11hon tons of paper was produced
in 1991, thenY2—36 Y;=19.2, Y, = 795 Y5—43 25, Y6-496 andY7- 1724

" The papermakmg process is as follows. We need 172 rmlhon tons of output from the wood
preparation process and 19 million tons of output from the waste fiber pulping process. Of the
172 million tons of material, 79 million tons flow through mechanical pulping, 43 million tons
into semi-mechanical pulping, and 50 million tons into the Kraft pulping process. 36 million

“tons from the sum of output of the waste fiber, mechanical, semi-mechanical, and Kraft pulping

- processes goes through the bleaching process. This 36 million tons along with the remainder of
the output from each process goes to the final stage in papermakmg

Physrca.l throughput is obtained for two vintages, old and new. Old vintage is conS1dered to be
any capital installed in 1990 or earlier. Middle vintage includes installations from 1991 to the lag -

- of the current forecast year. New vmtage includes any capital installed in the current forecast
year. «. : : :

The following subroutiries collect data from the input files:

Get building energy use. data 1nc1ud1ng lighting, heatmg, ventllatlon, and air
' condltromng

| _]RBSCBYP
' ~ Get byproduct fuel mformatmn for the boﬁer/steam/cogeneratlon component.
These data cons1st of fuel 1dent1ﬁer numbers of steam mtensrty values

. 'IRBSFUEL
Get boiler fuel share values for coal oil, and natural gas Blomass datais ~
retrieved in the IRBSCBYP routine and is assumed to have a constant share of
boiler fuel throughout the forecast «

IRCOGEN : : :

Get cogeneration information Whlch includes prime mover heat rates, total

~ generation and capacity from 1990 through the current survey year, and planned
capacity. :

IRSTEPBYP : : .
_ Get byproduct data for process and assembly component These data consist of
fuel identifier numbers and heat intensity values. -
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IRSTEPDAT
Get process step data for the energy intensive industries. These data consist of
fuel identifier numbers, base year unit energy consumption values, and technology
penetratron coefﬁcrents

L Calculate 1mt1al year, values for process step productron throughput for the energy
mtensrve mdustnes ' :

.. If the current process step is linked to final consumption (i.e., if there are no intermediate steps
between the current step and fmal output), then the fonowing equation is used:

' PRODSUM,, = PRODFLOW,,,_, PRODX T w
where: S - v ' . v
‘ PRODSUM,, ' = Amount of throughput used at process step §
S through link I, - |
,PRODFLOWMS,, ' o= » Down-step throughput to process step s
' : o linked by link / for old vintage, and
’PRODX,-,, R = Output for industry i in Census region 7.

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 mvolved ’ —

If the current process step is linked to one or more mtermedrate process steps, then the following
equatlon is used: - o o

PRODSUMSJ = PRODFLOW,, , x PRODCUR,,,, T L 13)
“where: : ‘ L : ,
PRODSUM,, = Amount of throughput used at pr‘ocess step s -
: ' through link , . ‘
PRODFLOW,, cul - Down—_step throughput to process step s |

» linked by link  for old vintage, and
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~ Current production at process step IP linked
- to process step s through link / for all
vintages.

 PRODCUR

In either case, the total productlon at each process step is determmed through the following
equation:- _

PRODCUR,,; = PRODSUM,, - = _ (14)
I1=1 . ] - . ) . “
"Where:“ : o :
PRODCUR, . s - = . Current productlon at process step s for all’
' ,vmtages : :
NTMAX, | ' = Number of lihks at process step s, and
PRODSUM ,’,,‘ = Amount of throughput used at process step s
/ ~ throughlink 1.
Subroutine CALBYPROD

‘The industrial model consumes all byproduct fuels prior to purchasmg 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 previous 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 mdustry has a TPC for. byproducts For all other 1ndustr1es the '
‘ UEC remains unchanged. . :

- PRODCUR,,M, YPCSC, :
BYPCSCCUR = ' 15)
|PRODLAG,;, | |
; BYPCSCC'URv fs o= Current energy savings for byproduct fuel fat

process step s for vintage v,
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| PRODCUR,M; | Current production at process step s for all vintages,

: PRODLAG,O,,;L, o= Lagged productron at process step s for all vmtages o
PR ’ ' and . o
ABYPCSC,, £s S Byproduct technology possibility Curve coefficient.

for byproduct fuel f at process step s for vintage v.

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.

(PRODCUR - X BYPCSCCUR ) (I’RODCURMJ x BYPCSCLAGMJ)

a6 |

BYPCSCCUR""’—' PRODCUR,_,, + PRODCUR,,,
where: o ‘
' - BYPCSCCUR,;y;, = Current energy savmgs for byproduct fuel fat
: - process step s for mid vintage, :
PRODCUR,,, - = New production at process step s,
BYPCSCCUR,,,.;. = Current energy savmgs for byproduct fuel f at
o - -, process step s for new vintage, -
v PRODvCURm,.dgs = Existing production at process step s for mid
: ‘ " vintage, and, : _
BYPCSCLAG,,;, =  Lagged location on the byproduct technology
’ - .. possibility.curve for byproduct fuel f at process step ‘
s for mlddle v1ntage v '

. CALBYPROD calculates the rate of byproduct energy produced for each process step, fuel and
vintage shown in the followmg equation. This value is based on the previous year s rate of
production and the current energy savings for each vintage.

BYPINT, —BYPINTLAG xBYPCSCCUR S C o an

where:

BYPINT, ;, - = Raeof byproduct energy productlon for byproduct
‘ ’ ~ fuel f at process step s for vintage v,
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Lagged rate of byproduct energy production for

 BYPINTLAG,,, = ,
' - byprOduct fuel fat process step s for vintage v, and .
' BYPCSCCUR,;, = Current energy savings for byproduct fuel f at

‘process step s for vmtage 12

The byproduct rate of production is used to calculate the qunntity of byproduct energy produced
~ by multiplying total production at »the process step by the production rate.

BYPQTY,, = PRODCUR x BYPINTVJ,S | o | 18)

where:

- Byproduct energy prOduction for byproduct fuel f at ..
- process step s for vintage v,

- BYPOQTY.

PRODCUR,,, -Production at process step-s for vintage'v, and.
BYPINTv g = Rate of byproduct energy productron for byproduct |
: \ fuel f at process step s for vintage v.

i The byproduct rate of productlon is then converted from millions of Btu to trillions of Btu
Byproduct production is subdivided mto three categones main 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 equaﬂons for intermediate and renewable fuels are similar.

' MPASTP

:ENB.YPMf,v‘ = }; BYPQTY,, . o (19)
where: | ' '
ENBYPM,, L= Byproduct energy production for main byproduct
: S fuel ffor vmtage v, :
MPASTP . = Number of process steps, and_
BY:PQTYv s o= Byproduct energy production for byproduct fuel fat

: process step s for vmtage 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 the non-manufacturing econometnc equations. Note that CALINTER does not apply to
the. manufactunng industries.

| Energy consumptron at each process step is determihed by multiplying the current production at
 that particular process step by the unit energy consumption (UEC) for that process step. Energy
consumptron is calculated for each fuel and vmtage using the followmg equatron .

" ENPQTY . = PRODCUR x ENPINTv ss ‘ o ’ o N : (zo)f "
- where: , _ _ -
- ENPQTY . = Consumption of fuel f at process step s for vintage
PRODCUR,; ~ =  Production et process' step s for vintage v, and
ENPINT, f . ' = Umt energy consumptlon of fuel f: ax process step s
' for v1ntage v. :

Four energy products that are used for non-fuel purposes are modeled differently. These -
products are asphalt and road oil, liquid petroleum gas feedstocks, petrochemical feedstocks, and
natural gas feedstocks. For the construction industry, the consumption of asphalt and road oil for
all model years after 1990 is determmed through the followmg equatlon '

, ENPQTY, . = ENPINTW x RRODZEROV_, + 0375 [PRO_DCUR” - PRODZERO,, o ; ('21)'
where: _ ~ , _ ,
' ENPQTY, ., s = Consumptron of asphalt a.nd road oil at process step
o s for vmtage v, :
ENPINT _ = Unit energy consumptlon of asphalt and road 011 at

Vv, a.sp S
: process step s for vmtage v,
J
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AR

P,RODZEROW , | 1990 productlon at process step s for vmtage v for
. .  the construction mdustry, and .

- PRODCUR,, - | Production at process step s for vintage v.

For all years after 1990, feedstock consumptlon in the bulk chenucal mdustry is computed as
shown below for natural gas feedstocks. Equatlons for liquid petroleum gas feedstocks and
petrochemlcal feedstocks are 31m11ar

_ ENPQTY = ENPINT,

rgf

x PRODZERO,, +.0.25 x (PRODCUR,,_."' - PRODZERO, )

where: - S o ' :
e ENPQTY, 0t - o= Consumption of natural gas feedstock at process
R ' _‘stepsfor vmtagev ' :

ENPINT,,;, = Unit energy ’consumptioh of natural gas feedstock at
S process step s for vintage v,

— PRODZERO,; : 1990 productlon at process step s for vmtage 14 for
- . the construction industry, and - ~

PRODCURM | v Production at process step s for vintagev.‘ ;

Consumption of each fuel is converted to trillions of Btu. Energy consumption is subdivided into -
main fuels, intermediate fuels and renewable fuels. Ma1n fuels include the following:
® electricity, ' '
~ core and non-core natural gas,

natural gas feedstocks,

steam coal, _

coking coal (including net coke imports),

residual oil,

distillate oil, ’

liquid petroleum gas for heat and power,
- liquid petroleum gas for féedstocks, -

motor gasoline,

still gas,

petroleum coke,

asphalt and road oil,

petrochemical feedstocks,

other petroleum feedstocks, and .
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. other petroleum.

Intermediate fuels include the following: =
® . - steam, - Cod
- coke oven gas,
blast furnace gas, -
other byproduct gas,
~ waste heat, and.
coke. '

Renewable fuels include the following:.

) ~hydropower,
biomass--wood, S ,
‘biomass--pulping hquor L
geothermal, RPN '
solar;
photovoltaic,
wind, and

' municipal solid waste

Energy consumptlon for the three fuel groups is determined for each fuel by summmg over the
process steps as shown below for main fuels. The equatmns for 1ntermed1ate and renewable fuels’
are 31m11ar : ‘ :

: -~ Mpastp - S o
ENPMQTY, = ), ENPQTY, ,m,f,s S 23)
' s=1 : : .
where:
"ENPMQTY; = Consumption of main fuel f in the process/assembly
: : - component, ~ -
| MPASTP :  = o Number of process steps, and '
ENPQTYW,;” = Consumptmn of fuel f at process step s for all
: vintages. ,

N

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 -
fuirnace/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 ba51c steel products
mdustry The equation for net coke 1mp0rts 1s shown below
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ENPMQTY,,, = ENPIQTYM,G; - | PRODCUR,,,,,

where: : LT E
ENPMQTY,,. ' Consumptlon of coke 1mports in the :
v . .process/assembly component

ENPIQTY,,, = Consumptlon of coke in the process/assembly
C L n component :

PRODCUR,.;., - Current production at the coke oven process step for
~ ' R “all vmtages and

; 24.8/ 10° | | Converswn»factor; where‘ there are 24.8 million Btu -
' - per short ton of coke converted to trillion Btu.

\Subroutme CALINTER

3 CALINTER calculates an mtercept term used to. calculate umt energy consumptlon (UEC) by an
econometric approach for certain fuels within the non-manufactunng industries. The intercept
calibrates projected consumption for the base year to actual consumption: For each fuel, an =

 intercept term is calculated in CALINTER based on the UEC, cumulative output, own-price
elasticities, and cross price elast1c1t1es "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
equatlon The intercept for new vintage is assumed to equal the intercept for old vmtage An
intercept term is not requlred for mlddle vintage calculations.

'ENPINT
ld,
EINTERM s = =

[CUMOUT91_-}BCSCowfs x H [WRCZ]BM,W;, |
: P ~-t=l._.

Intercept "at process step s for fuel fforold vintage,

Umt energy consumptlon of fuel fat process step s
for old vmtage :
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: CUMO UT91 Cumulatlve output through the year 1991
| 'BCSC,,WS o= Energy savmgs coefficrent at process step s for fuel
’ f and old vintage,
WPRC, = Priceforfueltin 1987 dollars, aﬁ&
B,ELAS‘,,#,, R = Own price elasucrty at process step s for fuel f for i
o ' old vintage, and cross price elasticity at process step -
s for fuel f and fuel ¢ for old vmtage '
- Subroutine CALBTOT

‘ CALBTOT calculates the total energy consumptlon for bulldmgs The energy consumptlon 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 consumpuon as shown in'the followmg equanon .

_ENBQTY,, - EMPLX, x ENBINT,, @6
‘ENBQTY,; = Consumption of fuel f for building end use e,
EMPLX,, = Employment for industry i in Census region r, and
ENBINT,; = - Unit energy consumption of fuel f for building end use e.
Subroutine CALGEN -

Calculates total steam used to co-generate electricity. The total steam demand is computed

by summing steam demand from buildings and steam demand from the process-and assembly -
component. Using an estimated regression equation, total co-generated electricity is determmed

" from the total steam demand and is calibrated to the current year EIA-867 estimate of total
generation. When EIA-867 estimates are not available the model applies the industry growth in
output to determine current year estimate. After total generation is calculated, total cogeneration
capability is determined’ using standard conversion factors, and an offline estimate of capacity
utilization. ane mover estimates for cogeneratlon and cogeneration capabﬂlty for own use and
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sales to the grid aré computed usmg pnme mover shares and own use generatlon a.nd sales tothe
_ grid generation shares based on EIA-867 survey data. )

a The following equanon calculates the total demand for steam.

STEMCUR = ENBQTYM

eam * ENPIQTY,
. where: L s : .
* . - STEMCUR . = . Total steam demand,

ENBQI'Y,,vaC,S,e;,,,; o Consumption of steam for HVAC, andw

ENPIOTY ... - o : ‘Consumptlon of steam in the process/assembly -
: component

Total electnc1ty generation is based on an econometric equation that relates electricity generation
to steam demand (the regression parameters are in Appendlx D). To utilize the regression
parameters an intercept term must be calculated on the first call to CALGEN. This intercept is
the natural log of the ratio of current year total generation based upon EIA-867 survey data to the
predicted value for the current year based on the regressmn parameters.

GINTER = 1 [

' GNTOTAL |
| sTEMCUR SR

GINTER = Intereept term for electricity generation,
‘ GNTOTAL Current year total generation of electricity,
STEM C\UR ~ Total Steam demand for the current year, and »-

. GSTEAM Steam demand coefficient.

. Electncﬂy generation is then determmed through the equation shown below based on the
intercept term and an estimated parameter for steam demand. S
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ELGENW = eV x STEMCUR®™ @

where: _ } = ,
, ELGEN,, = . E_lectricity generation for all pﬁm_e ’mov'ers,
| GINT ER = : Intefeept for eleeti'icity generatioﬁ,
STEMCUR - = ' Total Ste.am}deniaﬁd,‘ and
\ = 'St_eam denténd eeefficient. :

GSTEAM

- Generatlon of electnc1ty is converted from Btu to megawatt hours Capacity for electric
generation is determined from total generatlon of electricity and an assumed capacity utilization
“rate based on EIA-867 survey data. The following equatlon calculates capac1ty for electric
generauon .

' mLeAP '_ ELGEN,, x 10»9 |

 30)

64 x 3412v.0,x5 365.25 x 240
".where:‘ S - o A :
o ELCAP ' = Capacity for electricity generation, : '

ELGEN@, = 'Eleetri‘city generatien from all p;'im_e movers,
64 = Assimed utilization rate is 64 o
34120 0 = Conversion factor, 3412.0 Btu per kilo'\&att-hour,
365.25 =  Number of days per year, |

240 = Number of hotrs ,per day, and

i 10° = i Conversiott factor to contzert to megaWatts. |

Capacity by prime mover is calculated ﬁsing shares cOmputed based on EIA-867 survey data.

;Electnc1ty generation for own use is calculated by usmg the own use sha:re of electnc:lty :
 generation from the EIA-867 survey data. -
_Electricity generation for own use is then calculated from the following equation. -
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a ELOWN =ELGEN,,, x (1 +GRDSHRGW,,M33)

ELOWN : | Electnc1ty generatlon for own use,
| ELGEN,,,; o = Electnc1ty generatlon from all pnme movers, and
GRDSHRGgiyngey ' =  Industry grid share value :

Electnc1ty generation for sales to the gnd is calculated 51m11ar1y Electncny generatlon is

. calculated for each of the four prime movers based on the share of total generauon for each pnme

mover as shown below for gas turbines.

'ELGEN, = ELGENW x GISHR gy 62

ELGEN”;V - ’ : E1e¢ﬁ1‘city éenefaﬁcn ﬁom prime mover ,,.,,‘._
N ELGEN,%I = | : Electﬁcity geﬁerationfrorﬁ all i)ﬂme‘ndovefs, am_i \
GTSHR,,,,,,eg =  Share of g'eneration for pmm moVer gas turbine.
Genefatxon for steam turbine and mternal combusaon engine is calculated similarly.

Total industrial cogeneration sales to the gnd own use, and total capacuy are incremented as the
processing of each mdustry is completed. : :

.Subroutme CALSTOT ,

N CALSTOT calculates total fuel consumptmn in the BSC component. Fuel consumption ] for non-
-steam turbines is calculated by multiplying electncuy generation by internal combustion engines
and combustion turbines by the appropriate heat rates. These estimates are then augmented by
adding an incremental amount of fuel consumption based on EIA-867 survey data estimates of
total cogeneration fuels consumption. The equation for internal combustion engines is presented
‘below and a similar equation is used for combustlon turbines. (Note that ELGEN,; is calculated
in CALGEN where it is one of the pnme movers.) CALSTOT also calls the subroutine
FUELBOIL_ FUELBOIL calculates total fuel consumption in boilers and steam turbines.

Energy Information Admlmstratlon
NEMS Industrial Demand Model Documentation Report




| ' GENEQPHTRT, | o
ICEFUEL = ELGENW TS e -

where: . !

ICEF UEL Fuel consumptlon for electnmty generauon from
' internal combushon engmes

ELGEN,“ o : o = Electnc1ty generauon from mtemal combustmn
' - ' -engmes, ' '

/GENEQPHTR e ‘ H_eat'rate for internal cbmbus’tibn'_’engines, and

3412.0 = Conversion factor to convert from Kwh to Btu.

Fuel consumption in steam turbines and boilers is calculated in the subroutine FUELBOIL called :
by CALSTOT. The four fuels considered for cogeneration are coal, oil, natural gas, and
renewables/other. It is assumed that all coal and renewables consumed for cogeneration are
consumed in steam turbines. Internal combustion engines are assumed to consume only distillate
0il, and all combustion turbines use natural gas. The following equation is the computation of

- consumption of distillate oil for cogeneration. The equations for the other fuels are similar.

-

CGFUEL,,,,, = STFUEL, + ICEFUEL | . 34
where: _ ST - : o o
CGFUEL 1,11, = Consumption of distillate oil for cogeneration of .
* electricity for all uses in Census region 7,
STFUEL,, = | Consumption of distillate oil in steam .tusziﬁes, and - -
ICEFUEL = Distillate consumption for electricity »generatibn'

- from internal combustion engines.

~ 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 consumptlon for sales to the
grid is calculated similarly.
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/

. CGF UELf omr’ _- CGFUELf mmlr x. (1 GRDSHRGWV i g) ; o - (35
. where: A ~
- CGF UEL,,,., = Consumption of fuel ffor cogeneratlon of electnclty
o for own use in Census reg10n r,
CGF UELﬂ,mL, o = B Consumptlon of fuel f for cogeneratlon of electr1c1ty
' - for all uses in- Census reglon r,
| GRDSHRGinddk m,eg = Caleulated sales to the grid share value.

Total industrial fuel use for cogeneration is incremented\after each industry is processed.

Subroutine FUELBOIL |
FUELBOIL calculates total fuel consumptlon in boilers and steam turbmes An average

intensity, shown below, is détermined from boiler fuel shares and the unit energy consumptmn to
- generate steam. '

, IFSMAX Coo e ' ' . : -~
AVGINT = Y, BSSHR x ENSINT, ~ . @36)
. where: o o ' :
' AVGINT o= Average intensity,
IFSMAX' o = ~ Number of fuels COnsumedihthe BSC- con.lpon'ent,' -
BSSHR; ' = Share of total fuel consumption in the BSC
: ‘component for fuel f, and
ENSINT; , = ‘ Intensitir of fuel fin the BSC component.

The quantity of steam generated by bypredu'ct-fuels' is determined by dividing the byproduct
energy produced by the unit energy consumption for each main, intermediate, and renewable
fuel. : : ' o v :
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IFSBYPM BYPBSCM, - "Il BYPBSCI, IFBY°X BYPBSCR, =

BIPSTM = X Sy, | % PO, - o Bysm’ SN R
~ where: o : . ’
BYPSITM = = Amount of steam generated from all byproduct fuels, _
. IFSBYPM. = Number of byproduct main fuels,
BYPBSCM, = Byproduct consumption of main fuel fin the BSC -
: component, o
BYSINT, = Intensny for byproduct fuel f consumed in the BSC
: - component,
- IFSBYPI = Number of byproduct 1ntermed1a1e fuels,
| ~_:BYPBSCIf = Byproduct consumption of mtermedlate fuel fin the BSC.
‘ . component,
IF, SBYPR = - Number of byproduct renewable fuels, and
' BYPBSCRf = Byproduct consumptlon of. renewable fuel fin the BSC

component

~ The following equatron calculates the quantrty 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 - BYPSIM -~ (8
| ' J
where: o _ : : o : :
- 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 mtensrty, and boiler fucl shares.
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- ENSQTY, = STEMCURF x AVGINT x BSSHR,

- ENSQTY, = | Consumptlon of fuei fto generate steam
- STEMCURF | Amount of steam to be generated from purchased fuels, ‘
AVGINT 3 | Average mten51ty, and | |
BSSHRf = n z?a;r; of total fuel consuﬁzpﬁon in the BSC compenent for
‘fue ' c :

- 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.

" ENSQTY, = ENSQTY, - ICEFUEL
' ENS.QTI/}r : o Consumption of fuel fto generate steam, and
 ICEF UEL Fuel eonsumptiori for electricity generation from internal |

- combustion engines.

' The amount of each fuel and byproduct consumed in steam turbines is detex_'mined'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. : '

[ , ENSQTY, , GENEQPHTRT,

STFUEL, = % ELGEN,, X e
i IFSMAX IFSBYP st 3412.0

| X ENSQTY, + Y BYSQTY, LT

1o C

STF UEL, o . ' ‘Cc_msuﬁlption of fuel £ in steam turbines, -

ENSQTYf v = Consumption of fuel fto generate steam,
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IFSMAX o = 7 Number of fuels consumed m the BSC cOmpone"nt,

IFSBYP =  Numberof byproducts consumed in the BSC
o ' component : : ;

BYSQTY,_ ' = Consumptlon of byproduct fuel f in' the- BSC
' - component

ELGEN,, | o= 'EleCtricny generntion from steam turbines,

GENEQPHIRT, =  Heatrate for steam turbines, and

34120 = Conversion factor to convert from kﬂowatt hours to,
. Bu

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 ’
consumption estimates’ include byproduct consumption for each of the main, intermediate, and
~ renewable fuels. Only electricity, natural gas, and steam include consumpnon from buﬂdmgs
For all fuels except electnc1ty, the followmg equation is used :

QTYMAIN,, ENPMQTYv + ENBQTY, ,; + ENSQTY, + BYPBSCM e 42) 1
where: . : o B S \.
_ OTYMAIN,, = Consumption of main fuel fin Census regionz,
ENPMOTY,; . .' = Consumptlon of mam fuel fin the PA component
ENBQTY,O,‘,,; | : = ’ Consumptlon of fuel f for all bu11d1ng end uses,
| ENSQTYf : = Consumption of fuel fto generate steam, and

BYPBSCM; - = ByprOduct consumption of main fuel fto generate
' - electricity fr,om the BSC component.

Consumption of electricity is defined as purchased electricity only, therefore, electr1c1ty
~ generation for own use is removed from the consumptlon estimate.
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QTYMAIN ecr = ENPMQTY,, + ENBQ owigiec = ELOWN o S 43)
where: ‘ , : :
' QTYMAI elec,r = Consumptmn of purchased electnmty in Census :
~.region r, . .
ENPM Q dec = ' Consumption, of electricity in the PA component,
i ENBQTY,,,W,“ o= Consumptlon of electnc1ty for all bmldmg end uses, |
‘ and - .
CELOWN = Electricity generated for own use.
-Su’bl‘outine NATI'OTAL

- After processmg all four Census regions for an industry, NATTOTAL computes a natlonal

‘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 determmed by aggregatmg as each industry is
processed as shown in the followmg equatlon '

o moMAX ) e
TOMAIN,, = Zl QTYMAIN,, . DU 44)
where: : L v
TOMAIN,, = Total consumption for main fuel fin Census region r,
,/‘INDMAX o= Number of‘ihdusuie‘s, and :‘ |
QTYMAINf, .= - Consumption of main fuel fin Census region r.
‘ es\ubr'outi'ne CONTAB.

CONTAB is respons1ble for reportmg consumpnon values for the energy-intensive mdustrles and
energy consumption for heat and power for non-energy-intensive industries. Energy
- consumption for 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
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for manufacumng heat and power: electncrty, 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 manufactunng heat and power. A similar equatron
-exists for renewable fuels : R

: INDMAXNUMfg . EE e
IMANHP 27: fz QIYMAIN,,., © - SN O
where: . S .
- TMANHP; =" Total manufactunng consumptron of fuel ffor heat -
‘ ' and power _
INDMAX = VNumber of industries, -
N UM, | = : Nu\mber’of fuels in fuel group fg, a_nd _
‘ QTYMNﬂm : = Consuruption of mam fuel fin all Census regions.

Energy consumptron for non—manufacturmg heat and power is cons1dered 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 v
miscellaneous feedstocks. All industries are included here and the following fuels are .
considered: ‘natural gas feedstocks, liquid petroleum gas feedstocks, asphalt and road oﬂs,
petrochemrcal feedstocks, lubes and waxes, and other petroleum feedstocks _

A consumption table for each of the energy-mtensrve 1ndustr1es is produced in CONTAB -
Consumption figures are reported for each of the fuels used in each particular mdustry There is
“atotal renewables fuel group for each energy-intensive industry. The equation below calculates
consumption of main fuels in the food and kindred products mdustry All other energy—mtensrve
industries have similar equations. :
- NUM,,

TFOODCON, = Z OTYMAIN,,, . @6
where: - r ‘ :
TFOODCON; - = Total consumptlon of fuel fin the food and kindred
o products industry, \

N UMfg_ Number ofr fuels in fuel group fg,and
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QTYMAINf,m, = Consumpti_on of main fuel £ for all Census regions.

‘. Subroutme WRBIN

WRB]N wntes data for each mdustry toa binary ﬁle Two drfferent blnary 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
L second bma.ry file contains data that change from year to year.

| Subroutine INDCGN o

Calculates aggregate industrial total cogeneration and cogeneration capacity, for own use and

sales to the grid by fuel and census division. Aggregate industrial total cogeneration fuel

~ consumption for own use and sales to the grid by census d1v1sron is also calculated These
qua.ntrtres are reported to NEMS cogeneratron vanables '

The equation below calculates aggregate cogeneration capacrty for sales to the grid by drvrsron
and fuel based on EIA-867 survey data o _

CAPGWMV'M_,M CA)>867WWMMx stEM,Wm,xIGRJDSHRmmM o / 47

where:-

CAPGW 4, 2001 sates = ‘Exi's‘ting or plarmecl capacity for cogenerationv of electricity - "
B . for sales to the grid for census division and fuel,

CAP867 cdiv,year, Ww, = EIA-867 capacity by census d1v1s1on year, mdustty, and
} fuel, ,

'SHQREP,,;gdiv,yr,indﬁ_el = EIA-867 share of fuel by prime mover PM, census d1v1s1on, :
I year, and 1ndustry , :

IA-867 sales-to-the-gnd share of capacrty in census
division, year, and industry

IGRIDSHR,

cdiv,yr,ind

‘The capacrty for own use is calculated snmlarly

Calculate EIA-867 total mdustnal generatron by d1v1sron and fuel for sales to the gnd
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GENGWH sy usisates = Doiive1s Dot pm=1,3k§.:ind‘,=‘1,15 e o (48)

GENGWH .43, .e1 s = 'Total generation by cenisus division, fuel
_ B and own use/sales to the gnd '
SICGEN .4y, v masuetpmsites = 'EIA-867 based generatlon by census
_ _ ~ division, year, fuel, prime mover, and own .
’ use sales to the gnd :

1 Generanon for sales to the gnd is calculated snmlarly

. Total industrial consumptmn by d1v1s1on and fuel is calculated from the EIA-867 survey data
DIVF UELcdiv;ﬁtel,;ales = OTHF UE_Lcdi\},ﬁteLsale:s. . v o : . - i (49)

' where' i
DIVF UEL cdvfuchsales = Industrial variable holding aggregaxe total industﬁal ‘
- cogeneration fuel consumption by division, fuel,
and sales to the grid and own use

OTHFUEL 4, 501 ca1es = Variable holding the cogeneration fuel consumption -
A calculated based on EIA-867 aggregate total
_generation by fuel, prime mover, and census
division, multiplied by appropriate heat rates,

where: ‘ o ,
OTHF UELcdw,ﬁcel,sales chiv=l,9 Eprh=1,3 SICGENCdiV-)"‘;i'Id»P”‘W" x RATEP”‘ | / - V (50)
 where: ) ‘ ‘ L :
RATE,, ) = Heat rate for prime mover pm.

‘Industrial cogeneration fuel consumption for own use is calculated similarly. -
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 Subroutine WEXOG |

WEXOG stands for write mdustnal calculated quanuues to NEMS exogenous vanables

Prior to assigning values to the NEMS variables, total industrial fuel consumption quantities
are computed. These values are then calibrated or benchmarked to the State Energy Data

- System (SEDS) estimates for each data year, and thereafter are calibrated to the Short Term -
Energy Outlook (STEO) forecast year estimates. The calibration factors are mult1p11cat1ve for
-all fuels which have values greater than zero and are add1t1ve otherw1se

The equatlon for total mdustnal electnc:lty consumpnon is below. All other fuels have sumlar o
equations with refinery consumption and oil and gas consumptlon mcluded only: where '
appropriate. . » :

BMAINﬁul,regwn TQM Juel,region QELRF regnan
The equation for total industﬁal'natural gas consumption is: -
: BMAINM,J,M—TQMAINM,”M+QVGRF,,M+CGOGQMJ,M+CGOGQ o k . (52)

BMAIN | ' - Consumptlon of natural gas in Census region r,

ng,r

T QMAINf, ‘ o= - Consumptlon of natural gas fuel fin Census reg10n _

rs

| ONGRF,, : Natural gas consumed by petroleum refining
S : . industry in Census division r in year y, and

CGOGQ, s region : COnsumption of natural gasfrom cogeneratioh of
‘ ~ electricity for sales to the grid in enhanced oil
recovery in Census region and year. .

‘Consumption of natural gas from cogeheration of
electricity for own use in enhanced oil recovery by
Census region year. » <

CGOG,

wr, region
sTot'al industrial consumption: for other fuels is calculated'similarly.

.- Energy Information Adm:mstratlon _
NEMS Industrial Demand Model Documentation Report




SEDS benchmark factors are calouléted as follows: -

 SEDS4y.. S | |
SEDSBF el region™ fulregon R ' (53)
BMAIN,,, . aion o ,
. where: . AR ‘
' _ SEDSBF;,q region = Current SEDS data year benchmark factors.
SEDS4¢,i 50 - = = Current SEDS data year consumptionvaggregated
o ’ from the division level by fuel to the region level by -
fuel '
BMANgoo - =  Total industrial fuel consumption by fuel and region

| » SEDS benchmark factors are then multlphed by the total 1ndustr1a1 consumpuon value as -
follows _

BENCHﬁwL,egwn : SEDSBFﬁle, ,egm X BMAIN].M, region (54)
STEO_ benchmark factors are calculated as follows:
- STEO - ‘ S
STEOBF, fulyer ___ (55
zﬁul region BEN CHﬁtel region N ;
where: |
STEOBF,,, = o STEO benchm_ark factor by fuel which equals each fuels
o  share of the total SEDS benchmarked industrial ‘
consumption. Note that these factors are apphed post SEDS .
data years :
STE-Oﬁ,‘,’/Lycar = Tota.l thll'd quarter STEO consumptlon by fuel for each

forecast year

JEnergy Information Administration S o _
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BENCH,,, ”gionﬁ o Benchmarked total i.ndustrial‘fuel consumption.

- The STEO factors are apphed to the SEDS mdustnal benchmarked consumptlon values as
-follows . ‘ :

BENCHM,egm '»STEA_OBF x BENCHﬁ‘e, s

STEO benchmark factors are faded to zero begmmng in the first year after the STEO forecast
year unt11 four years post STEO forecast. .

-,

-The shares for renewable fuels, calculated through the followmg equatron are based on the value
of output from the paper and lumber mdustnes since most renewahle fuel consumptlon occursin

A these 1ndustr1es

OUTIND,,, + OUHNDM _,
NUM,

; (OUTIND13 at OUTINDH d)

DSRENW,; =

DSRENW,, = _ Share .of output for renewable fuel f in Census division d,

OUTIND, 3‘,; = Gross value of output for the paper and alhed products |
P industry in Census. d1v1sron d,

OUTIND,,, = ‘Gross value of output for the lumber and wood products
: . industry in Census lelSlOIl d and -

NUM, ‘ Number of Censu,s divisions in Census region r. |

 The benchmark factor for biomass is cornputed as follows.

BI OFUELS,
BENCHFAC

-3
» E DORENW,
F=2-
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where:

BENCHFAC,,, = = Benchmark factor for biomass in Census division d,
" BIOFUELS, = = Consuinption of biofuels in Census division d, and
N DQRENWf;; vr = Consumptlon of renewable fuel f in Census d1v1s1on,.
' d, and. : "
N | | DQRENWf = TQJeE Wi egion .DSRENW‘,' S P (59
‘where: ' S - o
T QRENWQ, - = Industrial total consumptlon of renewable fuel fin
L . ' Census reglon r, and
; DSRENW},, = Share of output for renewable fuel fin Census

. d1v1s1on d,

Adjust total industrial consumption for Climate Change Action Plan effects. There are assumed
. fossil fuel savings (CCAPFOS) and electricity savings (CCAPKWH) for 2000 and 2010. All

. fossil fuel savings are assumed to be in steam coal use. Savings i mcrease gradually up to-year '
2010, and remain constant thereafter Total savings are calculated and are then shared out at the

census d1v1s1on level.

Fossil fuel, i.e., coal, savings are calculated as: . - |

CCAPCL,,,=CCAPFOS, +1x(CCAPFOS, ~-CCAPFOS,)*NGYRS R E : . ' (60)
where:
- CCAPCL, = B Total reduction in coal eonsumption’ due to cl_imate
change action plan. ‘ .
CCAPFOS = Assumed fossil fuel savmgs for a base year 1=2000
: - and 2=2010.
NGYRS = Number of years past year 2000 up to year 2010.

~ Electricity savings are ealculated similarly. |
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Benclinlarked cohsumptibn vélues are then passed into the appropﬁate variables for reporﬁng to
NEMS. The following equatlon calculates consumption of electnc1ty Equatlons for other fuels
are s1m11ar B :

QELIN

cdivyear = BEN CHelecregmn x SEDSHRelecregwncdlv -, ) — o - (61)
| ‘where:
| QELI d,,,\m, ) L= | .Industnal consumptlon of electnatslmCensus '
’ region and year, :
BENCH,,’,C ;,g',.o,, | | = Consumption of electricity in Cellsus» région ‘and
SEDSHR,I“ ,eg,,;,,,cd,v = SEDS census reg10n share of electnc1ty in censﬁs

_ division.

*  The following two equations represent the consumption of core and non-core natural gas.

 QGFIN,.. = PEN&HW R — {TQMMN BleIN+ mmmf"‘m“ 7 o - (63)
- where:
QGFI edivyear = Industrial consumption of core natural gas in

- Census division cdiv and year -

BENCH,,M region ' v=‘ Benchmarked consumption of total natural gas in
Census region regzon

SEDSHR,oss resioneav = SEDS census region share of natural gasin census
S ‘ division cdiv, .
TQMAI eng,region = Consumption of core natural gas in Census region
regzon :
TQMAINﬁ,_,;,eg,-on = Consumption of feedstock natural gas in Census

region region, and:
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BMAIN,,g,,_, oglon = Total unbenchmarked consumpt10n of natural gasin
' ‘ Census reglon region.

| QGIN,, - QNGIN —,QGFINWW"_ R o

ngas
where:

QGII ediv,year- = ~ Industrial consumption of non-core natural gas in
: Census d1v1s1on cdzv by year; : :

QNGI s odiv = "~ Consumption of natural_ gas in Census division cdiv,

QGFI divyear - = Industnal consumptlon of core natu:ral gas in
o4 . . .
~ : Census division cdiv by year. ‘

- Industrial consumption of biorna_ss is calculated in the following equaﬁon.

OBMIN, = LE DQRENW,,| + [3 CGOGQ, ,,..| + OBMRF,, - S S (<% Y I
. : =2 . i =1 ’ ) . . : o o o
- where: , ‘ S '
OBMIN,, ' = .. Industnal consumptlon of blomass in Census
' v d1V1s1on dinyeary,
‘ 'D'QRENWf;‘d' ' = Consumption of renewable fuel fin Census division
& . . d’ . . >' N N
CGOGQ@,;,,,_,,_ ' = Consumption' of biomass from cogeneraﬁon. of

electricity for use u in enhanced oil recovery in
Census division d in year y, and

OBMRF,, = Biomass' consumed by petroleum refimng 1ndustry
~in Census division d in year y. ,

- Consumption of total renewables is calculated through the followmg equation. Cun'ently, only
biomass is nonzero. - , .
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QTRIN,, = QHOIN,, + OBMIN,, + QGEIN,, + QSTIN,, + QPVIN,,

)

: QTRIN,,,y . ‘v Industnal consumptlon of total renewables i in
S Census division d in year ¥ -

" QHOIN,, R Industrial. consumptlon of hydropower in Census
- division d in year Y, ' S

QBMIN,,,; | | Industnal consumptlon of biomass m Census
‘ - division dinyeary, . :

QGEINd-y ; | “ Industnal consumptlon of geothermal in Census
‘ ' R d1v151on din year y, :

| QSTINM . = . Industrial consumptl‘on of solar thermal in Census -
: ' ‘.divisionsd inyear v,

QPVIN,, » . Industrial consumptlon of photovoltmc in Census |
- L d1v151on din year y,

~ QWIIN,, ‘ * Industrial consumptlon of wind in Census d1v1s1on d
- ‘ ‘1nyeary,and ,

' QMSINd_y o . Industrial consumption of mum<:1pa1 sohd waste in
- Census d1v131on din year Y-

Currently, only biomass (including pulpmg hquor) and hydropower are unplemented inthe
model.

- Variables pertmmng to 1ndustna1 cogeneratlon 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 consumptlon . R .

cc;n\n)c,wduv i

CAPGWd fupl | | (66)

~
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where:

C GIIVDCAde f,,,;p, Co= Industnal capac1ty for cogeneration for use « using "
S fuel f in Census division d in year y,

- CAPGW.,, = | Capacity for cogeneration of electn’city for use u
- g - using fuel fin Census division d,’

Total consumption is calculated below.
.  CGINDQ, ,, = DIVFUEL,, 6
- where: o \ , o S o
‘ CGINDQ,, ;. " = Industrial consumption of fuel f for cogeneration of -
' S A ‘ electr1c1ty for use u in Census d1v1s1on din year Yy,

~ DIVF UEL#u, , = Consumptlon of fuel f for cogeneratlon of electncny “
~ ; - for use u in Census division d,

Consumptmn values for manufacturmg heat and power must be augmented by fuels purchased
for refineries before passmg to NEMS as shown in the followmg equation.

MANHP,, = TMANHP;,k ot QELRFd,y. o N
where:
MANHP,,,W : " = Consumption of electnmty for manufacturmg heat
\ and power 1 in year y,
: TMANHP elec = Total manufactunng consumptlon of electr1c1ty for
- heat and power, and :
QELRF,, : = Electr1c1ty consumed by petroleum refining mdustry

- in Census division d in year y.

Consumpuon of natural gas, coal, residual, dlstlllate hquld petroleum gas st111 gas petroleum
coke, and others are calculated in a sumlar fashion.

Consumption for non-manufactunng heat and power is adjusted to 1nclude consumpnon from oil
and gas mining. : : - ,
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toalyfu -
u=1

NONHPf “INONHP, + '2 CGOGQ,

NONHPF;, o= Consumptlon of fuel f for non-manufacturmg heat
: : - and power inyeary, '

TNONHP; L= Total non-manufacturmg consumptlon of fuel f for
BT heat and power and . :

CGOGQ,u, ~ =  Consumption of fuel f from cogencration of -
a ' electricity for use u in enhanced oil recovery in all
Census d1v1510ns in year y.

) .Consumptlon for miscellaneous feedstocks in each of the energy-mtensrve mdustnes are passed
o to the appropnate vanables for usage by NEMS.

‘-Subroutiné 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
productron vanable are computed for each fuel and process step.

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, and CONTAB. Similar to the functioning of ISEAM,
~ the subroutines NATTOTAL and CONTAB are called only after the last reglon for an mdustry
~ has been processed
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”Subroutme CALPROD

‘CALPROD determines the throughput for producuon ﬂows for the process and assembly
component. Existing old and middle vintage production is adjusted by the retirement rate of =
' cap1tal through the followmg equatlons for the manufactunng industries. - -

PRODCUR,,, = [}’RODCURO N IDLCAPMS] x (1 'PRODRETRS) .
where: S : :
- PRODCUR,,;,;, = , Ex1st1ng productlon for process step s for old
L S vintage,
’ZDLC_'AP,,,,LS = Idle production at process step s for old vintage, and -
: PRODRETR, g = Retirement rate étprdcesS‘step s.
| PRODCUR,,, = v(PRODCURmm + PRODCUR,,,, ) x (1 - PRODRET! B . _ oy
- where: _ o _ '
' PRODCUR,;;s = Existing productlon at process step s for mid
B ' vmtage :
PRODC URW,;, ) = . Production at process step s for new vintage,
' PRO_DRETRS .= Retirement rate at process,s_tep 5.

For the non—manufactunng industries, the followmg two equatlons are used for old vintage and ’
m1dd1e vintage production. :

| PR_ODCURM - PRODCUR,,, + IDLCAP,,, - (@
where: B o ' | IR _
‘PRODCVURMSI . = Exiéting production at process stg:p s for old Vintage,
, and - S ; . '
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IDLCAP,,, = =  Kdle production.for process step s for old vinage.

~ PRODCUR,,,, = PRODCUR ;. + PRODCUR,,, o - ®
where: | : - - ‘ '
) PRODCUR,,;;;, = Existing productlon at process step s for m1d
o : ‘ vmtage and o : -
- PR,ODCURW,, g = Produ(:tion at procéss step s for new {'ihtage_. :

~ Total productlon throughput for the mdustxy is calculated. If the 1mt1a1 UECisin physmal units, -
the 'value of output for the current year is multlphed by the fixed ratio ‘of physical units to value
of output calculated in the first model year. . . .

PRODX,, = PHDRAT x PRODVX,, - B e
where: ' v : o ' N o o
'PRODX,, . . =  Valueof output in physical units for industry i in-
‘ ' - Census region r, -
PHDRAT = Ratioof physical units to value of output, and
PRODVX, o= Output for industry i in Census tegion r.

If the 1n1t1a1 UEC isin dollar units, then the current year's value of output is used to determme -
total production throughput '

. Total productlon throughput is calculated by determining new. capacity requirements at each
process step so as to meet final demand changes and replace retired capacity. All process steps
that meet common downsteps are evaluated using a production flow balance equation. The flow
balance is defined by equating downstep production requirements with all capacity available to
meet it. The balance is achieved by adding new capacity or idling existing capacity. New -
capacity for a step is added in proportion to the assumed relative production flow rates for new
capacity. Capacity is idled in proportion to the flowrates of existing capacity.

The following are elernents of each process step’s balance equation:
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| Ex1st1ng joint capac1ty (EXISTCAP) the step ) own existing capac1ty, as well as 4

related steps’ existing production capacity. This includes all capacity surviving
from 1990 (old) and post-1991 (mid) vintages. “Related Steps” are those that flow
to common downsteps. EXISTCAP is determined from the variables

' PRODCUR(OLD related steps) and PRODCUR(MlD,related steps).

' PRODCUR,,, = PRODFLOW,,, x PRODX,, . ,(75)"

* where:

- PRODCUR,,,

where:

- PRODCUR,,,

Production at process step s for all vihtages,

n

PRODCUR,;,

PRODFLOW;,WI ;. = . Down-step throughput 10 process step s by link / for ,
: old vmtage, and..

_ PRODXL‘, : = Value of output for industry zm Census region r.

Combined Downstep Requirements (DOWN_ STEP "REQD) the combined -

* downstep flow requirements, including any new downstep production, that must

be met by all the related (or “joint™) steps. DOWN_STEP. " REQD is a function of
PRODCUR(OLD downstep), PRODCURMID, downstep), and \
PRODCUR(NEW, downstep), ‘unless the step meets final demand (exogenous
production). If 50, DOWN_ STEP _REQD is a function of PROX.

= PRODCUR,,,, = PRODCUR,;, - PRODCUR ;- o S (16)

: PRODC UR,...s = New production at process step s for new\v‘intage,

PRODCUR,,,,,,,,S L= Total production at process‘ step s for all vintages,

- PRODCUR,,,;; = Ex1st1ng productlon at process step s for old vintage,

and

Existing productlon at process step s for IIlld
- vintage.
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‘Middle vmtage productlon is unaltered.

New Jomt Capac1ty @ OINTNEW) The difference between Emstmg Joint
. Capacity (1) and the Combined Downstep Requirements (2). This i 1s the o
balancmg itemn for a set of related ( ‘joint™) process steps. 4

. Step s Share of Joint Capac1ty ¢ O]NTSHR) Th1s is the proportion of New J oint
- Capacity that will be met by this step. JOINTSHR is the ratio of the step’s.-own
- flow rate, PRODFLOW (NEW_RATE own_step,downstep), to the sum of related
- steps rates, PRODFLOW(NEW_ RATErelated_steps, downstep). A'separate -
JOINT SHR is calculated for use when JOINTNEW is less that zero--the 1dlmg '
case. . ; ,

The balance equation is: -

' JOINTNEW + EXISTCAP - DOWN STEP REQD = 0 -

\

JOININEW | . Idle productlon for process step s for old vmtage
EXISTCAP , = Ex1st1ng productlon at process step s for old vmtage,

DOVWV';STER_REQ_D: o Ex1st1ng producuon at process step s for mid
vintage, and - :

Solving for the unknown, we write:

JOINTNEW = DOWN STEP ‘REQD - EXISZ'CAP

The step’s share of new capacity is:
PRODCUR,,, . = JOINTSHR, x JOINTNEW S (79)

When implemented as a general routine, the balance equation is developed in matrix format .a_s:' '
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(PFold,) x [PRODCUR OLD) + [PFmid,] x [PRODCUR MID) + [PFnew,) x [PRODCUR NEW]] + JOININEW =0

. where:

PFold;; = “Production flow rate correspohdmg to industrial processés
o . installed in 1990 plants for the ith pnmary step and the Jth
~downstep

PFmid;; = Productlon flow rates correspondmg to mdustnal :
: 8 - production capacity installed in post 1990 plants for the ith
' pnmary step and the jth downstep .

PFnew,; o= Product10n flow rates of all new mdustnal capac1ty added
E © - within a given year to meet exogenous output and
retirement of existing capital stock requlrements for the ith .
‘primary step and the ]th downstep

-~

When solvmg for J O]NTNEW the negatlve of the above matnx term is used Thls is subtracting -

the matrix terms from ‘both sides of the balance equation. A “+1" coefficient in Pfold of Pfnew is o -‘

used when the column corresponds to a joint process step.. If the colu_mn is a downstep, the
coefficient is the negative of the sum of flow rates to that downstep. '

~ Subroutine CALCSC

CALCSC is called to update unit energy consumptlon CALCSC calls one of three subroutines,
CALCSC1, CALCSC2, or CALCSC3 depending on the type of approach for a particular fuel,
process step, and industry. CALCSC]I maintains constant UECs. CALCSC?2 applies the -
econometric approach for non-energy-intensive mdustnes CALCSC3 applies the engmeenng

» approach for energy-mtenswe 1ndustr1es -

Subroutine CALCSC1

CALCSC1 updates UEC:s based on the prewdus year's UEC Unit energy consumption for each | ,
fuel, process step, and v1ntage is updated in the equation below This approach ylelds constant
UECs over time.

ENPINT

v,f,f

- ENPINTLAG,;, | 6D

where:
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- ENPINTW = | ,_ Umt energy consumptron of fuel f at process step s
. - for vintage v, and : : .

' ENPIINTIAGv s ' Lagged unit energy consumptlon of fuel f at process
_ ’ -step s for vmtage V. ~ :

 Subroutine CALCSC2

R CALCSC2 updates UECs through an econometncally estimated equatlon Bnergy 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 cumulatlve output ra1sed to the coefﬁcrent

BCSC,, -

, CSCCUI{, s [CUMOUT,M[,S]

CS CCUR,;, Current energy savmgs at process step s for fuel f for
' ‘ vmtage v, .

2y

- CUMOUT,,,= Cumulative output, from 1958 through the lag of the
' current year, at process step s for all vintages, and

BCS C; s :— Energy savmgs coefficient at process step s for fuel f and

vintage v.

The unit energy consumptlon for old and new vmtage is calculated by multlplymg the mtercept
term calculated in CALINTER by the current energy savmgs

ENPINTv g EINTER X CSCCURJ PR @)

* Unit energy consumptron of fuel f at process step s
for thage v, :
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EINTER\,;, = - Iniercept atprdcess step s for fuel f for vintage v, -

- CSCCUR, o= Current energy savings at process step s for fuel f
' o for v1ntage V. :

* The UEC for mlddle vmtage is computed in the followmg equatlon as the ratlo of the cumulatlve_ |
© unit energy consumptlon to cumulative producuon for new vmtage, i.e., it is simply the Welghted ,
y average UEC. .

SUMPINT,, o ' )
ENPINT idfs 3 — | | )
CUMPRODW 5 SR -
where: . o : : .
ENPINT,;,;, - o= Unit energy consumptlon of fuel f at process step s -
RV : 'for mid vintage, - ’ . -
S UMP\INY}’; = Cumulanve unit energy consumptlon of fuel fat.
- : ’ process step S, and :
| CUMPROD@,S' = Cumulative productmn at process step s for new
: : vmtage :

- The cumulative variablés are calculated in RDBIN.

Subroutine CALTLOG

~* The unit energy consumpﬂon values for the energy non-intensive manufactunng mdustnes are
calculated based upon fuel shares estimated w1th a translog model as discussed above

The variable def_initions are presented in Table 6.
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 Table 6. TransIOQVanable Defmltlons‘
| Variable | Definition :

Price of Natural Gas -

Price of Coal -

Price of Electricity

Price of Distillate

Price of Residual

Price of LPG

Quantity of»Natural Gas

Quantity of Coal

Quantity of Electricity

‘Quantity of Distillate

Quéntity of Residual

Quantity of LPG-

Gross Output *

Total Energy Cost

Total energy cost is computed as:
=W KAWL R KW F K AW X W F R W R R
The cost shares for the individual fuels is computed as:

s=(wi*x)/c

~ The parameter estim;;tes ;and associated statistics are in Table D5 in‘Appendix D.

| 'USing the calculated fuel éhares the exponentiél of the logaxithm of the cost equation, and
current year fuel price w;, we calculate the total energy consumptlon per umt of output ratio
as follows:
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UEC, - [IS, x EXPANC)) / W] / PRODCUR, . (@85

wheref |
| | UEC, = ‘Un‘it Energy Cohsuﬂ;ption velue for fuel z, -
: S . IR ,‘ \‘Costshareoffueli,\
/ c = Total fuel coet,

W, T = Price of fuel i, and
: PRODCUR,,M,-—- ,' Total output for the mdustry bemg processed

Havmg performed the above calculations, the UEC values are then calibrated to the UEC
. values correspondmg to the 1991 Manufactunng Energy Consumptlon data.

‘Subroutme CALCSC3

. CALCSC3 computes UECs for the energy—mtenswe mdustnes The energy savings for old and
~.new vintage is calculated below as the exponential of the TPC coefficient multlphed bya yearly
" index. < . _

" CSCCUR,,, = "G *CRIR=D - N )
where: ‘ : : :
CSCCUR,;, = = Currentenergy savings (O<fraction<1) at process
: L step s for fuel f for vintage v,
- BCSC,;;, b= Energy savings coefficient at process step s for fuel
: f and vintage v, and ' :
CURIYR = Curre_nt year index.
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The unit energy consumption for old and new vintage is computed by multiplying the current
energy savings by the intercept. In 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 cement industry. The followmg equation calculates the unit energy consumption of
electricity in the cold rolling process step.. Similar equations exist for other fuels used in cold
rolling and for the blast furnace/basic oxygen fumaoe process step (see Table D16, Appendix D).

ENP’NTWI; = EINTER, .., * csccur,_, s 020 020 L 02 - 020) ;5 (CURDR - 1)} S - (87)
where: | . o S
- ENP. INT new,elec,s = Unit energy consumption of electricity at process

' step S»for new vintage

o EINT ER, .., ctecis = Intercept at process step s for e1ectr1c1ty for new
o : v1ntage :
' CSC“,C(,]R,,,_,W,,,,c,s = Curment energy savings at process step s for

electricity and new vintage, and
CURIYR = Current year index.
The UECs for middle vintage are calculated as in CALCSC?2 and shown below, by the ratio of

_cumulative UEC to cumulative productlon for all process steps and mdustrles i.e., the welghted
average UEC. ' :

ENPINT, . = - SUMPINT, @
mafs ~ ‘CUMPROD,,, @8
‘Wwhere: : _ 4 :
' - ENPINT,;., = Unit energy consumption of fuel f at process step s
: for middle vmtage
) UMPIN]}s S = Cumulatrve unit energy consumptlon of fuel f at

process step s,and

Cumulative production at process step s for new

CUMPROD,,,
S - vintage.

‘ Energy Information Administration _ ‘
84 k NEMS Industrial Demand Model Documentation Report.




*

 Subroutine CALPRC

' CALPRC is called to update unit energy consumptlon based on price parameters CALPRC calls

-one of two subroutines CALPRCl or CALPRC2, depending on the approach to be taken.
CALPRC1 assumes unit energy consumption is constant. CALPRC2 uses an econometnc
equatron to update UECs for energy-non—mtenswe industries.

Subroutme CALPRC1

| The unit energy. consumptlon is unaltered by CALPRCI1.-

Subroutme CALPRCZ

: CALPRC2 calculates unit energy consumption based on price related conservatron usingan

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 pnce of a particular .
fuel rarsed to each cross price elast1c1ty for both old and new vintage.

11

 PRCCUR, =11 [WPRC] EhSes - - (89)
wheref : . ' ' -
PRCCUR,;;, = Current energy savmgs based on price for fuel f at process N
. ‘ step s for vintage v, :
WPRC, - = Price for fuel #in 1987 dollars, and
' BEIAS,,;fJ,, =" Own pnce elasticity at process step s for fuel f for old

vintage and cross price elasticity at process step s for fuel f
and fuel ¢ for old vintage.

. Unit energy consurnptmn is then computed by mulﬁplymg the unit energy consumptron by the
- price based energy savings. -

ENPINIV'# = ENPINT, 4s * PRCCUR, ;, o B » (90)

 where: '
' ‘ ENPINT,,;, = Unit energy consumptlon of fuel f at process step s for
» vintage v, and :
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‘,'P‘RCCUR,, gs = Current energy savings based on pnce for fuel f a1 process
' " step s for vintage v. o

SUbroufine CALBSC .

The boiler fuel shares are calculated using a logit formulation. (Note that waste and byproduct
fuels are exlcuded from the logit because they are assumed to be consumed first.) The equation -
is calibrated to'1991 so that the actual boiler fuel shares are produced for the relatwe prices that

-~ prevailed in 1991 The equatlon for each manufacturmg mdustry is as follows: '

ShareF uel — ﬁ )

‘ 9"1'.‘ :
g"’i ‘B) oD

where the fuels are cdal petroleum, and natural gas. Base Year boiler shares for distillé.te,

* residual oil, and liquid petroleum gas are calculated explicitly in order to obtain exact estimates -

~ of these fuel shares from the aggregate petroleum fuel share calculation. The P, are the fuel
prices; o, are sensitivity parameters; and the B, are calibrated to reproduce the 1991 fuel shares

using the relative prices that prevailed in 1991. The byproduct fuels are consumed before the
quantity of purchased fuels is estimated. The boiler fuel shares are assumed to be those

" estimated using the 1991 MECS and exclude waste and byproducts.

_ . Energy Information Adrninistration
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'APPendiX A. Model Variables_' -

_ Table Al. Variablés Used for Estimatirig Industrial Energy Consﬁ_mption '
. in the Boiler, Steam, Cogeneratio_n Component :

lNTEGER IFSBYP Number of byproduets consumed
INTEGER IFSLOCBY(fuels-id) - Stores fuel id number byproduct fuelj
REAL BYSINT(fuels) Boiler Efficiency for byproduct fuel j
REAL BYBSCSC(fuels) ‘Conservation supply coeffiecient for byproduct fuel j in the BSC
REAL BYPBSCM(fuels) _ Byproduct consumption of main fuel j . o S
REAL BYPBSCl(fuels) ~ - Byproduct consumption of intefmediate fuel j ' .
REAL - BYPBSCR(fuels) - Byproduct consumption of renewable fuel j
" REAL- BYPSTM Amount of steam generated from all byproduct fuels
REAL BYPSTMM " Amount of stcam produced using main fuels -
REAL BYPSTMI _ Amount-of steam produced using intermediate fuels
REAL BYPSTMR =~ . Amount of steam produced using renewable fuels
_ INTEGER IFSMAX . Number of fuels consumed in the bsc
INTEGER IFSLOC(fuels) Stores fuel id number for main fuel j
REAL ENSINT(fuels) - Heat Rate of fuel j in the bsc component
REAL ENSQTY(fuels) Consurnption of fuel j to generate steam
REAL BSSHR(fuels) - Boiler share of fuelj = - ;
-REAL BSSHRLAG(fuels) Lag year boiler share of fuels j
‘REAL STEMCUR - Steam demand from process/assembly and bmldmgs
REAL BSFUEI..SI-IR(mdusuy,regxons,fuels) Stores share of oil based fuel I -of total oil consumed
,REAL .BSBENCHFAC(mdusn'y,regms,ﬁ:els) Benchmark boiler shares to base year (not done)
, COMMON/INDBSC/IFSBYP IFSLOCBY,BYSINT, BYBSCSC BYPBSCM BYPBSCLBYPBSCR,
’ BYPSTM, BYPSTMM, BYPSTMLBYPSTMR, IFSMAX, IFSLOC, ENSINT, ENSQTY
BSSHR, BSSHRLAG, STEMCUR BSFUELSHR,BSBENCHFAC =~ .

Table A2. Vanables Used for Estlmatlng Bu11dmgs Energy Consumptmn in the Industnal
Module '

REAL ENBINT(light hvac,fuel) Building Unit Energy Consumpuon Values .
"REAL ENBQTY(light hvac total—3 ,fuels) Variable holding Builing Energy Consumpuon Calculanon .

REAL BBCSC(light hvac,ﬁ:els—3) Building Energy Conservation Coefficient
REAL BBELAS(light hvac,fuels=3) Building Energy Price Elastxcmes '
REAL BBEMPL(light hvac,fuels=3) Employment -

N COMMON/XBI.DIENBINT,ENBQTY,BBCSC,BBELAS,BBEMPL

" Table A3. Variables Used for Benchmarkmg Industrial. Consumptmn to the

~ State Energy Data Reporting System and the Short Term Energy Outlook

'INTEGER ISEDS Option | from file indrun: . 1=Benchmark to SEDS, 0:don't benchmark
REAL BMAIN(fuels.regions)  In WEXOG: Unbenchmarked Quantities with Cogen and Refining Added for Benchmarhng
REAL BENCHFAC(fuels,division) Benchmark factors for 15 main fuels and 2 biomass by Census Division
REAL OTHIND(fuels,division)  _ Difference between BMAIN and SEDS after benchmarking: “Other. Industry"
REAL STEOQ(year.fuel) - - --STEO History and pro;ecnons by year, 19 ﬁxel read from file mdsteo
‘REAL TONOUT(industry,region)  Save base year tons of output .

‘COMMONIINDBENCHIISEDS BMAIN BENCHFAC OTHIND, STEOQ, TONOUT
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_Table A4. Variables Used.in the Process and Assembly Component Calculations

JINDUSTRIAL MODULE VARIABLES USED TO CALCULATE VINTAGE OF CAPITAL EQUIPMENT IN THE PROCESS AND*
ASSEMBLY COMPONENT, AND UNIT ENERGY CONSUMPT!ON FORECASTS, AND FUEL CONSUMPTION PORECASTS FOR'
THE PROCESS AND ASSEMBLY COMPONENT .. -

REAL»P}H)RAT . o Factorusedtoconvenmdusmalwtputfromphysncaltodollarumm .

REAL PRODCUR(vintage,process step) Vintaged production capacity
REAL  IDLCAP(process step) - Idle Capacity by process step
o ~ REAL PRODLAG(vintage,process step) Lag year production capacity
' © i "REAL PRODFLOW(vintage,process step, process links) Production flow ooefﬁcxents
: REAL PRODRETR(process step) - Retirement rates by process step -
REAL  CUMOUT (vintage;process step) - Cumulative industrial output . . )
_ INTEGER NTMAX(process step) - .Max number of links per process step
) INTEGER IPASTP(process steplinks) - -~ =~ Stores 0-1 values indicating process ﬂow links
" INTEGER MPASTP . . . Number of process steps
INTEGERIDVAL ., Value indicating industrial output units (physncal/dollar value
- REAL PRODZERO(vmtage,prooess step) : Base year production capacity . )
~REAL 'CUMPROD(vintage,process step). . . Cumulative production
INTEGER IFMAX(process step) .- . . Max number of fuels per process step
INTEGER IFLOC(fuel,process step) - Stores fuel identifier numbers per process step
REAL -ENPINT(vintage,fuel,process step) Vintaged unit energy oonsumpnon values »
" REAL ENPQTY(vintage,fuel,process step) Energy consumption : -
REAL ENPMQTY(fueD ‘ ) Energy consumption of purchased fue]s = )
REAL ENPIQTY(fuel) . Energy consumption of byproducts
REAL ENPRQTY(fuel) : : . Energy consumption of renewables
INTEGER ITYPE(fuel,process step) . ~* Variable indicating uec estimation methodology
SUMPINT(fuel,process step) : Sum of Energy Intensities ‘
REAL BCSC(vintage,fuel,process step) - Technological possibility coefficient for energy intensive industries

REAL CSCCUR(vintage,fuelprocess step) Conservation suppy coefficient-applied to energy non-intensive industries
REAL CSCLAG(vintage,fuel,process step) - -Lag year value conservation supply coefficient applied to energy non-mtenslve mdustnes
REAL EINTER(vintage,fuel,process step) = Intercept term for unit energy consumpnon values

REAL CUMOUTS8 . 1988 cumulative output - .
REAL BELAS(vintage,fuel,process step,division) Own and cross price fuel elasticitiés
‘REAL PRCCUR(vintage,fuel,process step) Vintaged price conservation coefficients by fuel,process
REAL - PRCLAG(vintage,fuel,process step) ‘Lag year value vintaged price conservation coefficients by fuel,process -
REAL ENPINTLAG(vmtage,ﬁxel,process) Lag year values to vintaged unit energy consumption by fuel,process - :
REAL BYPINTLAG(3,5,10) Lag year vintaged byproduct unit energy consumption values by fuel,proc&cs ’
REAL BYSINTLAG(6) o - Lag year byproduct steam intensity values
INTEGER IFBYP(10) . Number of byproducts per process step
INTEGER IFLOCBY(10,10) . * Byproduct identifier per process step -
REAL BYPINT(3,5,10) - Vintaged byproduct unit energy consumption by region,process
REAL BYPCSC(3,5,10) ’ Vintage byproduct efficiency coefficients by region,process
REAL BYPCSCCUR(3,5,10) - . Vintage byproduct efficiency coefficients by region,process :
" "REAL BYPCSCLAG(3,5,10 - Lag year vintage byproduct efficiency coefficients by region,process :
REAL BYPQTY(4.6,10) Vintaged byproduct energy consumption by fuel, process

* REAL ENBYPM(23 ,4) - Stores main fuels consumption used in process/assembly and bsc from which byproducts are produeed
REAL ENBYPI(7.4) Stores intermediate fuels used in process/assembly and bsc from which byproducts are produced
REAL ENBYPR(9,4) Stores renewables used m process/assembly and bsc from which byproducts are produced

~ COMMON/INDPA/PHDRAT,PRODCUR, IDLCAP,PRODLAG,PRODFLOW,
PRODRETR,CUMOUT,NTMAX,IPASTP, MPASTP,IDVAL,PRODZERO,CUMPROD,
IFMAX,IFLOC,ENPINT,ENPQTY,ENPMQTY,ENPIQTY,.ENPRQTY, ITYPE,SUMPINT,
BCSC,CSCCUR,CSCLAG, EINTER,CUMOUTS8,BELAS,PRCCUR PRCLAG, ENPINTLAG,

. BYPINTLAG,BYSINTLAG, IFBYP,IFLOCBY,BYPINT, BYPCSC,BYPCSCCUR, BYPCSCLAG
BYPQTY ENBYPM,ENBYPI,EN'BYPR
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Table AS5. Variables Used for the Non-Intensive Industries

INDUSTRIAL MODEL ‘VARIABLES USED TO CALCUI.ATE ENERGY CONSUMPTION FOR 'IHE ENERGY NON-INTENSIVE
‘INDUSTRIES USING THE TRANSLOG ECONOMETRIC MBTHODOLOGY

INTEGER MAXIND Max number of industries w1th u'anslog coefficients
INTEGER MAXCOEF . Max number of coefficents
REAL  TLCOEF(industry,coefficient) Stores translog coefficients

REAL - TLBSHR(industry,region,coefficient) . Stores logit model coefficients :
REAL MAC(mdusuyJegiomvinmgg,ﬁlel) Stores base year translog fcn. multipliers

REAL S1 Cost shares of Natural Gas

REAL S2. - Cost share of Steam Coal

REAL S3 Cost share of Electricity -

REAL $4 . Cost share of Distillate fuel

REAL S5 "Cost share of Residual Oil

REAL S6 “Cost share of Liquid Petroleum Gasoline

COMMON/INDTLOG/MAXIND;| MAXCOEF TLCOEF TLBSHR $1,52,83,54,85,86,TLFAC

\ -

Table A6. Industrial Module Industry Macroeconémic Variables ‘ E -

REAL OUTIND(industry,division)

Industnal output by census division
REAL EMPIND(industry,division) " Industrial employment by census division
REAL ENPRC(fuels,division) Input energy prices by census division
REAL PRODX(industry,regions) Production capacity by industry and region
‘REAL PRODXLAG(industry) ° . 'Lag year production capacity :
REAL EMPLX(industry,regions) -~ Employment by industry and region
- REAL EMPLXLAG(industry) Lag year employment
". REAL PRCX(fuels,regions) Energy prices by fuel and region
. REAL PRCX90(fuels,regions) Saves 1990 prices for coal , oil, and gas
REAL PRCX97(regions,fuels) - Save 1997 price of met coal and aggregate industrial fuel price
REAL PRCXLAG(fuels) Lag year energy prices by fuel and region - .
REAL PRODVX(industry,region) Production capacity by industry and region
REAL PRODVXLAG(industry) Lag year production capacity by industry

REAL INDMAC(industry,year, division) Macro industrial output by vear and division

COMMON/INDMACRO/OUT!ND,EMP]ND,ENPRC PRODX EMPLX.EMPLXLAG, :
PRCX,PRCX9O PRCXLAG PRODVX, PRODVXLAG, INDMAC
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' Table A7. Control Variables and Runtime Parameters

INDUSTRIAL MODULE PROGRAM CONTROL VARIABLES' AND RUNTIME PARAMETERS

INTEGER IYR

Current year
INTEGER IBYR Bbase year
" INTEGER IEYR Last year = |
INTEGER IWDBG . ' Debug switch .
-INTEGER ISUBTR ~ Subroutine trace option
INTEGER INDNUM Index number for industry
INTEGER INDMAX Max industries ,
INTEGER INDDIR Industry number identifier
INTEGER IWRSUM Option to write summary tables .
INTEGER IOPEN Flag indicating file status
INTEGER INDREG Industry region index
INTEGER IPRICE Flag to run price sensitivities !
 REAL ELEC Electricity price sensitivity factor
REALFGAS Firm gas price sensitivity factor
REAL INTGAS Interruptible gas price sensitivity factor
REAL COAL Coal price sensitivity factor .
REAL RESID Resid price sensitivity factor ‘ - e
" REALDIST Dist price sensitivity factor: ’
REAL LPG LPG price sensitivity factor
INTEGER ITPC Flag to run tpc sensitivity case
- REAL TPC1 - Sensitivity factor for tpc for old equipment
REAL TPC2 Sensitivity factor for tpc for new equipment
INTEGER IRETIRE - Flag to run retirement rate sensitivity .
" REAL RETRATE Retirement rate sensitivity factor
INTEGER FRZTECH = Frozen technology case flag
INTEGER HITECH High technology case flog - )
INTEGER PRICEPA  Option to use Process and Assembly Price Sensitivity Routine
- INTEGER CCAPOPT  Option to use CCAP demand shifts , )
REAL CCAPFOS(2) 2000,2010 CCAP Fossil savings  (trilion Btu)
REAL CCAPKWH(2)  2000,2010 CCAP Electricity savings (BKWH)
_INTEGER LENGTHIND(50) ~

COMMON/INDMISC/LENGTHIND

]NTEGBR FSTITER  First Iteration
INTEGER LSTITER  Last lteration

CHARACTER*40 INDNAME

Captures industry name from input

CHARACTER*18 INDSTEPNAME(30) ' Captures process step name from input

: CHARACTER’f‘lS NFILE(S) ~ Identifies model intermediary file for temporary storage
. . / ' Ene;'gy Infoi'maﬁon Administration
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Table AS. Cogeneraﬂon Variables - ‘ s .

VARIABLES USED TO ESTIMATE INDUSTRIAL FUEL CONSUMPTION FOR COGENERATION OF ELECTRICH'Y

~REAL RATE(pnme ‘movers) Heat rates by prime mover .
REAL TSHRGEN(division,fuels) ) " . Share of generation by fuel to census division
REAL GENGWH(division,fue),sales/own use) Gigawatt Hours of Co-Gencranon
REAL DIVFUEL(division,fuels,sales/own use) " Cogen Fuel consumption -
- REAL CAPGW(division,fuel,sales/own use,planned/unplanned) - Gigawatts of Capacity

" - REAL SHARE(prime mover,division,year,industry,fuel) . Cogen fuel Shares .
REAL ELGEN(prime mover) Total electricity generation by prime mover
REAL ELOWN(fuel) ’ .- Own use electricity by fuel j
REAL ELSALE(fuel) * . Electricity sold to the grid by fuel j

REAL GENFUEL(fuel,sales/own use,region) Cogen fuel .consumption
REAL GENTOT(region,sales/own use,fuel)  Aggregate total cogen fuel consumption

REALGINTER -~ - Intercept term for electricity generation
REAL GSTEAM " Steam demand coefficient .
REAL GENEQPSHR(prime mover) - Share of generation by prime mover
+ REAL GENEQPHTRT(prime mover) . Heat rate by prime mover '
- REAL CGFUEL(:egnon,saleslown use,fuel) Consumpuon of fuel j for cogeneration in regiont
REAL ICEFUEL . Fuel consumption for generation from internal combustion engme
.REAL GCTFUEL. - ) Fuel consumption for generation from gas turbines
REAL STFUEL(fuel) o Consumption of fuel j in steam turbines -
- REAL STBYP(fuel) P " Consumption of byproduct fuel j in steam turbines
REAL ELCAP(fuel) - Electric Capacity by fuelj

REAL CAPS867(division;year,industry,fuel) ~EI-867 Capacity -
REAL SICGEN(division,year,industry,fuel,prime mover,sales/own use3) EI-867 Generanon

REAL SICUTIL(division,yearuel,industry,fuel) = " EIA-867 Capacity Utilization Rate
" REAL IGRIDSHR(division,fuel,industry) - - N - EIA-867 Gridshares
INTEGER MAXCOGYR T ' -‘Maximum number of cogen data years.
. lNTEGER MAXPLAN : : : ' Maxxmum number of planned cogen data years

COWONIINDCOGENIRATE TSHRGEN GENGWH,DIVFUEL,CAPGW,SHARE, ;
ELGEN,ELOWN ELSALE, OTHFUEL,GENFUEL,GENTOT, -
, - GINTER,GSTEAM,GEN90,GENEQPSHR,GENEQPHTRT,
GENEQPSTEFF,CGFUEL, ICEFUEL,GCTFUEL,STFUEL,STBYP,
ELCAP,CAP867, SICGEN SICUTIL,IGRIDSHR,MAXCOGYR,MAXPI.AN

REAL OTHFUEL(division,fuel,sales/own use) Incremental (difference between model result and €i-867) cogen fuel consumpuon’ o
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Table A9. Aggregatlon Vanables

" VARIABLES USED TO HOLD VARIOUS AGGREGATIONS OF TOTAL CONSUMPTION FOR MFG, NON- MFG HEAT AND
POWER, FEEDSTOCKS

CONSUMPTION IN EACH OF THE ENERGY INTENSIVE lNDUSTRIES
TOTAL CONSUMPTION BY. FUEL BY CENSUS DIVISION, TOTAL CONSUMPI‘ION BY FUEL BY CEN SUS REGION

) REAL QTYMAIN(fuels,regions) Consumpuon of main fuel jinregionk
REAL QTYINTR(fugls,regions) - Consumption of intermediate fuel j in regionk
REAL QTYRENW(fuels,regions). - Consurnption of renewable fuel j in region k
REAL TQMAIN(fuels,regions) . *Total consumption of main fuel j in region k
REAL TQINTR(fuels,regions) Total consumption for intermediate fuel k - ,
REAL TQRENW(fucls,regions)  Total consumption of renewable fuel j in regionk
. 'seemdusmalcodeforﬁxelordenng :

REAL DQRENW(fuels, dmsnons) Consumptlon of renewable fuel j in census division
‘REAL DSRENW(divisons) Share of output for renewable fuel j in census division d
REAL BIOFUELS(dmsxons) “Consumption of biofuels in census division d '

" REAL TMANHP(fuels)  Total manufacturing consumption for heat and power by fuel

REAL TFOODCON(fuels)  Total fuel consumpnon infood .- -

" REAL TPAPERCON(fuels) Total fuel consumption in paper
REAL TCHEMCON(fuels). Total fuel consumption in chemlca]s
REAL TGLASSCON(fuels) Total fuel consumption in glass -
REAL TCEMENTCON(fuels) Total fuel consumption in cement
REAL TSTEELCON(fuels) - Total fuel consumption in steel
REAL TALUMCON(fuels)  Total fuel consumption in aluminum

Table AlO. Memory Management Vanables

HOLDS VARIABLES FOR INDUSTRIAL DIRECT ACCESS FILE ALTERNATIVE
INTEGER NUMPROC MAX NUMBER OF PROCESS-ALL lNDUSTR]ES
INTEGER NUMIND ! MAX NUMBER OF INDUSTRIES ' .
INTEGER NUMBII !# BYTES IN IND-SPECIFIC BUFFER RECORD, STATIC .
INTEGER NUMBI1P !#BYTES IN PROC-SPECIFIC BUFFER RECORD, STATIC
INTEGER NUMB2I !#BYTES IN IND-SPECIFIC BUFFER RECORD, YEARLY

. INTEGER NUMB2P !#BYTES IN PROC SPECIFIC BUFFER RECORD YEARLY

PARAMETER(NUMPROC=58 NUMIND—IS NUMBZI-2076+8 NUMB2P=1556+8 NUMBlI-996+8 NUMBIP—2576+8)

COMMONI]NDBUFIIBZICUR(26 NUMIND ,4) CURENT YEAR, INDUSTRY-SPECIFIC )
COMMON/INDBUF2/B2PCUR(26,NUMPROC,4) = CURENT YEAR, PROCESS~SPECIFIC
COMMON/INDBUF3/B2ILAG(26,NUMIND ,4) CURENT YEAR,INDUSTRY-SPECIFIC BY 4 REGIONS
COMMON/INDBUF4/B2PLAG(26,NUMPROC,4) CURENT YEAR,PROCESS-SPECIFIC BY 4 REGIONS
COMMON/INDACCML/ACUMOUT,ACUMPROD, ASUMPINT ~ .
COMMON/!NDBUFSIBIICUR(N UMIND 4), STATIC, INDUSTRY-SPECIFIC BY 4 REGIONS
. BIPCUR(NUMPROC 4) - STATIC, PROCESS-SPECIFIC BY 4 REGIONS

" REAL ACUMOUT(4 NUMPROC,4) = ACCUMULATED OUTPUT BY' PROCESS BY REGIONS )

. REAL ACUMPROD(4,NUMPROC,4) ACCUMULATED PROD BY PROCESS BY 4 REGIONS
" REAL ASUMPINT(15,NUMPROC,4) ACCUMULATED OUTPUT BY PROCESS BY 4 REGIONS
CHARACTER B2ICUR*(NUMB2I), B2ILAG*(NUMB2I) A .
CHARACTER B2PCUR*(NUMB2P), BZPLAG*(NUMB2P)

- CHARACTER BHICUR*(NUMBID -
CHARACTER BIPCUR*(NUMBIP) -

0

« Energy Information Adminis,trétion
-NEMS Industrial Demand Model Documentation Report




‘Table Al1. Direct Access File Variables for Debugging

HOLDS VARIABLES FOR INDUSTRIAL DIRECT ACCESS FILE ALTERNATIVE

INTEGER NUMPROC ! MAX NUMBER OF PROCESS-ALL INDUSTRIES

INTEGER NUMIND ! MAX NUMBER OF INDUSTRIES - L o
INTEGER NUMBII !# BYTES IN IND-SPECIFIC BUFFER RECORD, STATIC !
INTEGER NUMBIP !#BYTES IN PROC-SPECIFIC BUFFER RECORD, STATIC

INTEGER NUMB2I !# BYTES IN IND-SPECIFIC BUFFER RECORD, YEARLY

INTEGER NUMB2P V# BYTES N PROC-SPECIFIC BUFFER RBCORD YEARLY

PARAMETER(NUMPROC-58,NUI\/HI‘ID—15,NUMB2I-2076+8,NUMB2P-1556+8 NUMB 11=996+8,NUMB 1P—2576+8)

COMMON/INDBFIIBZICU RONUMIND,4) CURENT YEAR, IND-SPECIFICBY 4 REGIONS
COMMON/INDBF2/B2PCUR(NUMPROC,4) CURENT YEAR, PROCESS-SPECIFIC BY 4 REGIONS
COMMON/INDBF3/B2ILAG(NUMIND,4) - CURENT YEAR, IND-SPECIFIC BY 4 REGIONS
COMMON/INDBF4/B2PLAG(INUMPROC,4) CURENT YEAR, PROCESS-SPECIFIC BY 4 REGIONS
COMMON/INDACCML/ACUMOUT, ACUMPROD,ASUMPINT : .
COMMON/INDBF/B1ICUR(NUMIND,4),  STATIC, IND-SPECIFIC BY 4 REGIONS

- BIPCUR(NUMPROC,4) STATIC, PROCESS-SPECIFIC BY 4 RBGION S

REAL ACUMOUT(4 NUMPROC 4) ACCUMULATED OUTPUT BY PROCESS BY 4 REGIONS -

REAL ACUMPROD(4,NUMPROC,4) ACCUMULATED PROD BY PROCESS BY 4 REGIONS

REAL ASUMPINT(15,NUMPROC,4) ACCUMULATED OUTPUT BY PROCESS BY. REGIONS o
CHARACTER B2ICUR*(NUMB2I), B2ILAG*(NUMB2I) : L Lo
CHARACTER B2PCUR*(NUMB2P), B2PLAG*(NUMB2P) , ' - o '
CHARACTER BIICUR*(NUMBII) :

CHARACTER B1PCUR*(NUMBIP)

Table A12. Listing and Brief Description of Industrial Subroutines

. -

Kubroutine - escription , ;
IND ' ’ Sét Macroeconomic Data: industrial Output, 'Erﬁployﬁ\ent, Energy Prices
ISEAM ‘ ‘ Perform Model! Calculations . l '
RCNTL ’ Flead model runtime parameters or control variable values
ﬁEXOG . . [ssign exogenous macrosconomic and energy pnoe variables from NEMS to industrial variables
WEXOG ; . Calibrate aggregate industrial results to SEDS and STEO and assign to NEMS variables »
IRSTEO \ : : Read STEO File thh last availabie hnstory data and national projections for next two years
IEDATA | : Read industrial model input data
" IRHEADER. . - * Pead header inforin‘ation for each industry: indmr,phd;at,cdmoutaé,base year output
IRSTEPDEF . |Read process step mformatxon
IRBEU  PReadbuildingsdata -
| IRB_SCBY? ’ Read byproduct fuel information mput for the BSC
IRBSFUEL : / Read boiler shares
IRCOGEN Read cogeneration information
IRNEIELAS ' Read energy non-intensive iﬁdustry daté
IRSTEPBYP Read process step byproduct fuel data

Energy Information Administration .
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Table A12. Listi'ng and Brief DesCription of Industrial Subroutines (continued)

IRSTEPDAT

Read fuel id and uec for each process stepv

IFINLCALC

Performs calculations to determine base year process step pmducﬁon

IZEROOUT _

WRBIN

* Re-initialize mode! parameters in order to get next record in the input' file

RDBIN

Write lag year rhedel results to temporary file -

Read lag year model resuits -

MODCAL

" Fontrols program flow from year n+1 to last forecast year

CALPROD

Calculates industrial production throughput for each process step

BALCOEFF

Calculates ,ceefﬁeiems necessary to compute production throughput at each process step

“|eaese

- Palling routine for the oonservatioh supply eptions

CALCSCH

. Ponstant Unit Energy Consumptron, Thrs routine does not alter the UEC for mduslry bemg
processed .

CALCSC2

Energy conservation caiculanons using-coefficients (estrmated regressron parameters) Applres for .
bertain fuels in non-manufacturing industries

CALCSC3

Energy'oehservation based on the future technelogy possibiiity approach

CALPRC.

Calhng routme for price induced technical change or energy conservation

CALPRC1

Pnoes do not affect Unrt Energy Consumptnon i

CALPRC2

Prices affect. oonsumptron via econometrically estimated own and cross pnce elasticities

. JCALPRC3

Prices affect oonsumptron via econometrically estimated own and cross price elastrcmes

CALTLOG

}Jmt Energy Consumption for Metals and Other Non-intensive Manufactunng is estrmated usrng a 7

ranslog production funtion approach

CALBYPROD

Calculates byproduct energy consumption in the process and assembly component

CALPATOT

INDPALOG

Calculates ne'n-byproduct energy consumption in the,proeess and assembly component

" Reads fuel switching parameters

CALPALOG

Petermines fuel shares in the process and assembly compenem using a two stage logit model

CALINTER

CALBLD

Cahbrates base year UEC for certain fuels in the non-manufactunng industries

Calculates energy efﬁcrency in burldmgs

CALBTOT

ualculates buildings-energy consumption -

{CALGEN

Determines total cogeneration, total capacity by prime mover for own use/sales to the grid

CALBSC

Calculates fuel shares in Boiler/Steam/Cogeneration Componerrt .

CALSTOT

Calculates fuel consumption in the Boiler/Steam/Cogeneration component .

|FuELBOIL

Calculates total fuel consumption for steam turbines and process boilers

|INDTOTAL

Calculates total consumption by fuel for a partrcular mdustry (i.e. sums up process/assemb!y ,
buidings, and. borler/steam/cogeneratron fuel consumption .-

NATTOTAL

Calculates aggregate total consumption across all i_ndustries and industry components

INDCGN

Calcuiates aggregate total industrial cogeneration, capacity, and fuel consumption

CONTAB

T

Creates consumption tables for'individual industries -

Energy Informatlon Admmrstratlon
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| Appendix C. Model Abstract

Model Name:
Industrial Demand Model

Model Acronym:
None

Description: :

The Industrial Demand Model is based upon economic and engineering relationships that model
industrial sector eneérgy consumption at the nine Census division level of detail. The seven most
~ energy intensive industries are modeled at the detailed process step level and eight other
industries are modeled at a less detailed level. The industrial model incorporates three
components: buildings, process and assembly, and boiler, steam, and cogeneration.

Purpose of the Model:.

As a component of the National Energy Modeling System mtegrated 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:
October 1996.

Part of another Model?
National Energy Modeling System (NEMS)

Model Interfaces:
Receives inputs from the Electricity Market Module, Oil and Gas Market Module, Renewable

Fuels Module, Macroeconomic Activity Module, and Petroleum Market Module.

Official Model Representatives:
Cedric Britt

(202)586-1504

cbritt@eia.doe.gov

T. Crawford Honeycutt
(202)586-1420 ‘
choneycu@eia.doe.gov

Office of Integrated Analysis and Forecasting
Energy Demand Analysis Branch

1000 Independence Avenue, SW

EI-813, Room 2F-094

Washington, DC 20585
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Documentatlon.
Model Documentation Report: Industrzal Sector Model of the Natzonal Energy Modelmg
System, J anuary 1997 .

Archive Medla and Installation Manual(s) ,
The model has been archived.on IBM RISC 6000 magnetic tape storage as part of the Natlonal

'Energy Modeling System productlon runs used to generate the Annual Energy Outlook 1997. It ,

is archived as File 1 on Verbatlm tape, 8mm-DL 112M, serial number 104661 12

_Energ_y System Descnbed:

.. Domestic industrial sector energy consumption

Coverage:

Geographic: Nine Census d1v1smns New England Mid Atlantlc, East North Central, .
West North Central South Atlantlc, East South Central West South Central Mountain,

and Pacific.

Time Umt/Frequency Annual, 1990 through 2015

R Modehng Features:
°.

Structure: 9 manufactunng and 6 nonmanufacturmg mdustnes The rnanufactunng
industries are further subd1v1ded into the energy 1nten51ve and non-energy-mtenswe
industries. -

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).

Modeling Technique: Ordinary least-squares with log transformatlons is used for the

- nonmanufacturing. Translog functional forms were used for the non-energy-intensive .
- manufacturing industries. The energy intensive mdustnes are modeled through the use of

a detailed process ﬂow accounting procedure

,N'on-DOE Input Sources:
‘National Energy Accounts - - 7
o Historical Dollar Value of Output in the Industnal 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 Consumptlon Survey 1991 December 1994
State Energy Data System 1994, October 1996

Computing Environmen‘t:

A

~ Hardware Used: IBM RISC 6000

Operating System: ATX 3:2.5

Energy Information Admmlstratmn :
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° Language/Software Used XL FORTRAN Compﬂer/GOOO Ver 3.1.1

®  Estimated Run Time: 1 1 minutes for a 1990-2015 run in non—1teratmg NEMS mode on.

an IBM RISC 6000.
o Special Features: None o
Independent Expert Revnews Conducted
None. - ~
Status of Evaluatlon Efforts by Sponsor

None
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Appendix D. Data Inputs
Introduction |

The NEMS Industnal Demand Model develops forecasts of industrial sector energy consumption
based on the data elements as detailed in Appendix A of this report This. Appende prov1des the
initial values and sources for the input data.

' Table D1 Bwldmg Component UEC (T I"I"IOI'I BtuIT housand

Employees)
Building Use and Energy Source
_ Lighting - ___ HVAC
- : Electric Electric ] ¢ Steam
_ SIC ' . ‘Industry __UEC__ UEC Natural Gas UEC UEC
v S S Food & Kindred 0.007 : 0.009 0014 L 0.045
K Products _ : C ’ S S
26 .........cientos... Paper&Alied . 00131 0.016 : 0.023 © 0.0082
281,282,286,287 ....... BulkChemicals = 00159 00209 - 068 0.0058
321,322,323 ...... .....  Glass and Glass ~ 0.0133 ; 0.019 S 0044 . S 0004
7 SO . . Hydraulic Cement 0029 0029 . 0029 . 00568
331,332,€t0 uienann... Blast Furnaces & 0.0123 0.0184 00674 .- - 0011
- Basic Steel ‘ . _ . : ' -
3334,3341,etc........... Primary Aluminum ‘ 0.0187 0.0266 0.0062 © 0.0053
333-336,339 ............ Metal Based Durables ©0.0083 0.0125 00153 - 0.0019
34 s :...  Other Non-Intensive - ©o0007 '0.0103 00134 - 0.0036
S , MFG Fabricated Metals - - ’

SIC = Standard Industrial Classification. -

UEC = Unit Energy Consumption. -

HVAC = Heating, Ventilation, Air Condmomng ’

Source: Energy Information Administration, Oﬁ‘ice qflmegrated Analysis and Forecasting (Washmgton, DC January 1997).
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-Table D2. Non-Manufacturlng Sector PA Component UEC .
(T rillion BtulB|II|on 1987$ Output)

_ Elec|

Ngas .

Dist|,

Lig Gas

Motor
Gas

" Coal

| Agﬁ—Crops

0.959

0.318

, 'Resid
0.000

_4.004

0.553

0.657| -

0.002

- |Agri-Other

0.254

~0.095|

0.000

 1.059

“0.146|

0.173{

0.000

|Coal Mining

2.054

0.122{

~ 0391

0.057

_0.289] -

|oil&Gas
Mining

1:8‘50 ,

3744

11.324

0.397]

1302}

'0.053

0.181

0.185¢

1 0.959

Metal
Mining

5.178

12.110|

©0.395

1.286|

0.179

0.184

0.767

- |Construction

0265

0249 -

0.072}

0.738

0. 020

0.170

O'OOO

. Souroe Decision Ana1y81s Corporatlon of Virginia and Arthur D. L1tt1e Industnal Model:
-Baseline Database Final Report (prepared for EIA) 1993.

| ) Table D3. Non-Energy-Intenswe Manufacturmg Sector PA Component | |

UEC (Trillion BtuIBllllon 1987$ Output)

- Industry

Elec

Residual

Distillate

1Gas

Natural |
LPG

|Coal |

Other

|Metal-Based
Durables .

03126

0.0007|

10.0043

0.2414

00052

0.0002

0.03}

|other

NOn-Intensive ,

0.7347

| 6.0428

0.0461

0.7854

0.0127

0.1452]

0.43

Source: Calculated from Energy Informatmn Administration, Manufacturzng Consumptzon of
= Energy 1 991, DOE/EIA-OS 12(91)(W ashmgton D.C., December 1994) : :
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pTa_b,Iei D4. an;—ManufabturinglndUstry U'EC‘Regress\ions L
Agriculture - Crops- (NatdfalGés-) _ N B |

UECNATGS = 1.113 - 0.727 x RPGAS58
Std.Err.  (0.043) (0.059) R '

T-Statistic 25,764 -12.230 _ | D U
" Adj. R* = 0.846 - . L

Agriculture - Other (Natural Gas)

UECNATGS = -3247 - 2.774 x RPOILS8 + 0.948 x RPGAS58 CE |
SdErr. (0075) (©427) . (0.110) | |
T-Statistic - -43464 ~6499 8606 - | R )

" Adj. R* = 0.739 o

Coal Mining (Natural Gas)

UECNATGS = -2.600 - 0.657 x RPGAS58 + 0.832 x. CURTAIL » L
StdErr.  (0.058) (0.107) ©o301) | | 3)
T-Statistic ~ -45.075 -6.167 2765 ‘ | (D-3)
Adj. R* = 0587 | |

% Energy Information Administration ; : .
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Table D5. Parameter Estimates for Non-lntensuve Manufacturmg

|Other Non-Intensive Manufactunng lMetals-Based Durables
Parameter |Estimate. - [|t-Statistic |Estimate - k-Statistic
o1t 0.1360] 9.54 01508 - 12.22
Ip12 - -} -0.0865| " - 7.62] 00088 . - . -1.39]
- D18 . 00542 - . -688 -0.1200 -14.59
Ipt4 . » -0.0174] -2.34 - -0.0112| -3.10]
D15 | = -~ -0.0066 . 0.68 -0.0086| . -1.55]
|D22 ‘ -0.0287 284 -0.0462 714
D23 ' 0.0799 10114 0 0.0712 ~ 7.40]
D24 002430 - 399 00007] - . - 0.24
D25 - 00071 .- -087] . -0.0171] _ -3.50] -
o bs3 . -0.0074] -0.48 0.0219 096
‘|p34 . - 00090 168 = 0.0131] 253
oo . -0.0056 048]~ ~ oo0187] 2.09
D44 ‘ 00452 -412|  -0.0093] - -1.71
o ' 0o0475] - s572] 00071l @ 164
-0.0449 -3.82 0.0005 ©0.09
0.8656| 18.71 - 0.1988} 3.74
0.3242 -~ 17.61 0.4141} - 25.28
-0.1096} .. -6.04 -0.1002}- . -537
06228] = 1883 . 06551} . - 15.18
0.1050f = 8.73] . 0.0198 - 1.97
oo484] - 211 ~ -0.0010] _-0.06

Table D6. Food and Kindred Product industry UECs (Trillion BtwBillion 1987$ Output)

: . Other S

' _Elec NatGas Resid  Dist Petro. LPG  Coal+Coke

End-Use R o , —
DirectHeating 0.0 0426 0006 0006 0063 0003 0025 00
'Hot Water & S e . ' _

Stam =~ 00 0965 0071 0025  0.111  0.006 0410  1.200
| Refrig & - | S | |
Freezing 0067 00 00 00 00 00 00 00
OtherBlectric 0325 00 00 00 00 00 00 00

Sources: Decision Analysis Corporation and Arthur D. Little Iné NEMS Industrial Model: Revised Final Report, Unpublished Report Prepar
for Energy Information Administration, (Vi ienna, VA, 1993); updated using data in Energy Information Administration, Manufacturmg
Consumptzon of Energy 1991, DOE/EIA-0512(91)(W ashington, D.C., December 1994) :

. Energy Informatmn Admnmstratlon
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Flow -Elec . - Nat Gas Distillate - Resid 7 Petro, LPG Coal ’ Steam Wood
_MMTons Kwhfon . MMBiwton __ MMBuwton _ MMBruton __ MMBiwhon ___ MMBiwhon __MMBw/tn __ MMBiwton __MMBawiion
1070 B3 00 00 - 00 00 00 00 00- - 00
i 34 . L0 00 00 © 00 00 00 Y 16 00
~ Mechanical 64 14340 00 00 00 00 00 . 00 0s 00
' 41 4103 00 00 00 00 00 00 60 00
s31 . . 4103 0.372 0.006 - 0062 0.037 . 0005 0008 128 ©0290 .
B . Hw 00 0.0 0.0 00 00 00 64 00
760 468.93 0.318 w '0.46 o.008° 001 0001 2.5 oozo

lé D7. Pulp and Papet Indus’try UECs (Energy Usel'l'on of Pulp) o

Most of the wood byprodnct and all the pulpmg hquor byproduct is assumed to be consumed in the BSC

Table D8. Bulk Chemical Industry UECs (TI'IIIIOI'I Btu/BI"IOI'I 1987$

S: Sources Decxsxon Analys1s Corporation and Arthur D. Little Inc., NEMS Industrial Model: Update on Selected Process Flows and
gy Use. Unpublished Report Prepared for Energy Information Administration, (Vienna, VA, 1994); updated using data in Energy
tion- Administration, Manufacturmg Consumptzon of Energy 1991, DOE/EIA-05 12(91)(W ashmgton, D.C., December 1994)

Output)
' \ ~. Other ‘ : . I
.~ Elec NatGas Resid Dist Petro. LPG - Coal  Steam:
- End-Use Flows ' - . - ‘

- Elecuolytic/Electro' S ) '
thermal Use 0781 00 0.0 0.0 00 00 0.0 00
Other Electricity Use ~ 1.844 . - 0.0 00 00 00 00 0.0 00
Direct Fuel Use 00 4606 0097 0013 0893 0007 0052 00
Feedstock Use 0.0 3983 0.0 0.028 8221 10581 0044 00
Steam Use . 00 0.0 0.0 00 - 00 00 00 6.391

December 1994).

Note: Includes petrochemical feedstocks that are identified in SEDS,‘but not in MECS.
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Table D9 Glass and Glass Product Industry UEC (Energy UseITon of

Product)
S . Residual . Distilate . Other

‘ S _Flow - Elee’ . NatGas : ' o Petro.

Process Step - MMtons Kwh/ton MMBtu/ton _MMBtu/ton MMBtu/ton MMBtu/ton
Batch Preparation 2235 55.69 00 - 00 .00 00 -
Meltmg/Reﬁmng 2133 190.50 537 0092 - 0011 0,037
Forming 2006 25205 134 002 . 0003 © 001
PostForming 1649 6741 186 0.09_ 0.004 0.01

Sources: Decision Analysis Corporation and Arthur D. Little Inc., NEMS Industrial Model: Update on Selected Process Flows
and Energy Use. Unpublished Report Prepared for Energy Information Administration, (Vienna, VA, 1994); updated using data
in Energy Informauon Administration, Manufactunng Consumptwn of Energy 1991 DOE/EIA-OSIZ(QI)(Washmgton, DC.,

. December 1994)
Table D10. Hydraullc Cement Industry UEC (Energy UseITon of
Product) .
_ Other . .
~ o _ * Distillate Petro. Coal
Flow "~ Elec ~ NatGas © - Resid MMBtw/  MMBtw/ =~ MMBtw
__Process Step __MMTons _ Kwh/ton __MMBtu/ton MMBtw/ton ___ ton __ ton _ton
Portland Cement o , L
WetProcess  26.0 7034 - 088 S 002 002 046 - 571
DryProcess = 440 64.48 055 001 . 001 02 - 297
Finish Grinding 73.9 6741 00 00 00 ° 00 00

Sources: Decision Analysis Corporation and Arthur D. Little Inc., NEMS Industrial Model: Update on Selected Process Flows
and Energy Use. Unpublished Report Prepared for Energy Information Administration, (Vienna, VA, April 28, 1994); updated
using data in Energy Information Administration, Manufacturing Consumpuon of Energy 1991, DOE/EIA-
0512(91)(Wastungton, D.C., December 1994). - .

o _ Euergy Information Administration
D-6 o NEMS Industrial Demand Model Documentation Report




hle D11. Blast Furnace and BaS|c Steel Products Industry UEC (Energy UseITon of
duct)

o B N o Waste Gas *| -

© | Blectricity |. Swam | Coal Coke Namral Gas | FoelOl(@ | ®) Misc. (¢)
bess Step _ _FlowMmtons | Kwhton | MMBuwton MMBtuIton MMBwfton | MMBiwton | MMBuw/on | MMButon | MMBm/
eOvens | 241 2031 | os0 | 386 | 02 00 251 . |am
and Steel Making (4) : ; ; , - - k
ben Hearth/Blast Furnace 14 |m2a fom 006 |57 - |45 - |1 - fasa o0
st Furnace/BOF 527 5862 128 044 . |ma40 |10+ . | o034 | 200 = | -005
betric Arc Furnace : 338 - | 57444 .0.00 000 - ] © .. ] 040 - {000 ' 0.00 ‘ 0.00
putinuous Casting | 667 2638 0.1 | 000 L 030 ' 0.00 0.00 000
pot Casting/Primary Rolling | 212 - 8792 - | 003 000 * 166 - 0.00 1009 - | o000
Rolling o j®3 - |28 fo;z - fooo : | 250 002 . oo  |o00
dRollingandFinishing | 283 | 23154 | 161 000 - | 175 | 005 044 | 000

ergy values for coke accounted for by coal used in coke ovens. The values shown are for illustration only.

e net waste products are assumed to be consumed in the BSC. - o
Iudes tar and pitch; light oils, and coke breeze. - -
ces: Decision Analysis Corporation and Arthur D. Little Inc., NEMS Indusmal Model: Update on, Selected Process Flows and Energy Use. Unpubhshed
1t Prepared for Energy Information Administration, (Vienna, VA, 1994); updated using data in Energy Informatlon Admxmstrauon Manufactunng
umpnon of Energy 1991, DOE/EIA- 0512(91)(Washmgton, D.C., December 1994). N .

»

Table D12 Prrmary Alummum lndustry UEC (Energy UseITon of

'Product) ' _ : o )
Flow . Elec ‘ - Nat Gas.
Ptocess Step MMtons =  Kwhfton : MMBtw/ton
Alulmna Smeltmg ' 4.54 © 15,2403 . © 597

: Sources: Decision Analy51s Corporation and Asthur D. Little Inc., NEMS Industrial Model: Update on Selected Process Flows
- and Energy Use. Unpublished Report Prepared for Energy Information Administration, (Vienna, VA, 1994); updated using data
in Energy Information Administration, Manufacturmg Consumptwn of Energy 1 991, DOE/EIA-OSlZ(Ql)(Washmgton, DC., -
December 1994). )

, Energy Information Administration - D . '
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Table D13. Regional Technology Shares

Census Region

Indistry . _Technooyy | NE | wmw
Paper and Allied - - ' |
Products

Kraft (incl. Sulfite) 6.0% | 5.0%

Semi-Chemical 11.0% | .30.0% 1 100%

Mechanical = *19;070” 14.0% : 100%
_ Waste Fiber - 18.0% | 31.0% 100%

Hydradlic Cemént

Wet Process ' 17.3% | 26.6% 100%

'Dry Process - 9.2% . | 28.9% 100%

| Blast Fumace and
- Basic Steel Products

Electric Arc Fumace | 23.6% | 36.1% | 31.6% | 100%
Basic Oxygen Fumace | 10.5% | 69.5% | 20.0% | 100%
_Open Hearth _ 345% | 0.0% |36.2% | 100%
CokeOven | 23.0% |50.4% |235% 1 100%

Primary Aluminum

Smetters .| 7.0% | 157% | 433% |34.1% | 100%

Source: Decision Analysis Corporation and Arthur D. Little Inc., NEMS Industrial Model: Update on Selected =~
Process Flows and Energy Use. Unpublished Report Prepared for Energy Information Administration, (Vienna, VA,
1994). C ' : D : ' -
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Table D1 4 Coeffncuents for Technology Possrbmty Curves

Old Fauhhos , : B ) New Facilities
~ SIC Industry REI 1991 REI’2015 X . REI1991 | REP2015 .
_Process Unit (Year 1) (Year 24) Slopeb | (Year1) | . (Year24) Slopeb
26 Pulp&Paper . ‘ . ' : » : S
‘Wood Preparation . ... 1.000 - 0.950 -0.00269 0840 0.831 -0.00044
Waste Production . . . . . 1.000 0974 .~ -0.00138 0930 0885 - -0.00205 .
Mechanical Pulping ... . 1.000 0.944" - -0.00305 . - 0.840 . 0.822 - -0.00089 - -
Semi-Chemical . . . .... 1.000 0.894 - -0.00591 0730 . 0697 . -0.00191 -
Kraft, Sulfite, misc. - ' PO : . : »
chemicals .......... 1.000 0903  -0.00537 -~ 0730 - 0600 -0.00816
Bleaching . .... PR : 1.000 . 0.910 -0.00495 - 0.750 0.683 - -0.00390
PaperMaking ........ - 1.000 - 0910 - -000495 0750 . 0.560 . -0.01217
32 Glass’ LT : - _ :
Batch Preparation . . ... 1000 - 0957 -0.00229 0.882 . 0.882 _ 0 :

. Melting/Refining .. ... : 1.000 - 0.892 -0.00602 0.850 0448 - -0.02664
Forming ............ SL000 0952 - -0.00257 0818 0.744 -0.00395 -
,Post-Forming ........ 1.000 0.921. 0.00432° 0780 0760 . -0:00106

32- Cement o . . : e
" DryProcess .......... .. 1000 0.982 -0.00094 © - 0790 0657 -0.00768
Wet Process® ...... L. L0000 . 0954 -0.00247 . NA - NA ~  NA
Finish Grinding ...... " 1.000 0.943. " -0.00309 0813 . 0641 - -0.00989
33 Steel ) . - . o C 7 o
-~ CokeOven ..... 1.000 1000 0 0.840 0.817 ~ -0.00116 -
BF/OH® ............ ‘ 1.000 1.000 0 NA NA -~ NA
BFBOF ............ 1.000 '1.000 0 1.000 - - - 0982 - <0.00075
EAF ..... e . 1.000 1.000 0 0960 - 0.960 0
Ingot Casting/ - : / : - ; . L g )
Primary Rolling ..... 1.000 1000 . 0 NA “NA - NA
Continuous Casting ... -~ - 1.000 c 1000 - - 0 © 1.000 1.000 - . 0 .
HotRolling ......... . 1.000 - 0.698 . 001892 0500 0.401 - -0.00920
« Cold Rolling ....... . 1000 - - 0877 = -0.00690 0.840 0.488 -0.02264
33 Aluminum _ . ‘ : : s
Alumina Refinery ... .: 1000 - 0965 - -0.00190 0.900 . 0865 -0.00164
B Primary Aluminum ... 1.000 0.936 -0.00349 0.910 © 0812 -0.00477
Semi-Fabrication . .. .. 1.000 -0.855 -0.00826 0610 - = 0506 -0.00781
Secondary Aluminum 1.000 . 0.817 -0.01065 0.600 0.510 _ -0.00675

Calculated from slope value b and exponent:al equation (see text)

®REIs and slope apply to virgin and recycled materials.
- .°No new plants are likely to be built with these technologxes

SIC = Standard Industrial Class1ﬁcanon

REI = Relative Energy Intensity.

NA = Not applicable.

BF = Blast furnace.

OH = Open hearth.
- BOF = Basic oxygen furnace.

EAF = Electric arc furnace.

Sources: Decision Analysis Corporation and Arthur D. L1ttle Inc., NEMS Industrial Model: Update on Selected Process Flows
and Energy Use. Unpublished Report Prepared for Energy Information Administration, (Vienna, VA, April 28, 1994), updated
using data in Energy Information Administration, Manufacturing Consumption of Energy 1991, DOE/EIA-
0512(91)(Washington, D.C., December 1994).

Energ}" Infofmation Administration .
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- Table D1 5. Advanced énd State;bf-The-Art Tech'nologies' ., .

Pulp and\ Paper'

Wood preparatlon savings over current technology - 16%

- - Whole Tree Debarking/Chipping*

- Ch1p Screenmg Equipment*
State-Of-The-Art Technologlos (Energy Savmgs by Procoss Step)

Chemlcal v ' ‘ , ’ .
Technologies (Kraft, Sulfite): . - Continuous Digesters
‘ I . : - Batch Digesters _
+ - Radar Displacement Heating
- Sunds Defibrator Cold Blow and-
Extended Delignification _
- EKONO's White Liquor Impregnatlon
- Anthraquinone Pulping
- Alkaline Sulfite Anthraquinone
(ASOQ) and Neutral Sulfite
. Anthraquinone (NSAQ) Pulping
N : - Tampella Recovery System =
- Advanced Black Liquor Evaporator
- - Process Controls System -

Mechamcal and Seml-Mechamcal - Pressunzed Groundwood (PGW)
Technologles : _ - - PGW-Plus ;
* : - Thermo-Refiner. Mechanical Pulping
.~ - Heat Recovery in TMP* :
- Cyclotherm System for Heat
Recovery* =
- Chemimechanical Pulping
- Chexm-Thennomechamcal Pulpmg
(CTMP) :
- Process Control System

Semi-Chemical ~ - See Chemical and Mechanical 5-0-A
Technologies: S ‘ technologles above

Waste Paper Pulping - | B Advanéed pulping-
Technologies: S ‘ - Advanced DD-inking

‘Bleaching Oxygen Predehgmﬁcaﬂon - Oxygen Bleaching
Technologles \ - Displacement Bleaching
‘ - Bio-bleaching '

- Energy Information Administration
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Papermaking S '
‘Technologies: I - Extended Nip Press*
o . : ' - Hot Pressing =
- IR Moisture Proﬁlmg* '
- Reduced Air Requirement*
- Waste Heat Recovery*
- Process Control System*

' * Potential for retrofit

* Advanced Technologies

- Wood Preparation: ' L Total Savings Over Average
‘ " S-O-A technologies are foreseen to be
* modest. Most of the energy savings that can
be achieved in the future are in the use of
~ _ computer control, more efficient electric ;
motors/drives, etc. Assume REIs to decrease
by 0.5% per year..

Chemical (Kraft/Sulfite) _ 'Technology Introduction: 2005-2015 ‘
Technologies: RS - Non-Sulfur Chem1mechamca1 (NSCM)
s o Pulping |
- - Advanced Alcohol Pulpmg
.- Biological Pulping
- Ontario Paper Co (OPCO) Process
- Black Liquor Concentration* '
- Black Liquor Heat Recovery*:
- Black Liquor Gasification*

Mechanical - N ' Technology Introduction: 2005-2015
- Technologies: | o - - Advanced Chemical/Thermal
' . = ~ Treatment - :
- Non-sulfur Chermmechamcal (NSCM)
- OPCO Process

Semi-Chemical R : SR , |
- Technologies: "~ . Technology Introduction: 2005-2015
‘ : ' - OPCO Process : ‘
- NSCM Process ,
- Waste Pulping - Improvements in steam
~ use, computer control, etc., assumed to '
“decrease REI by 0.2% per year

‘ Energy Information Administration . . . :
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 Bleaching

Technologies: S . .
S : - Technology Introduction: 2005-2015
- Ozone Bleaching
- NO,/O, Bleaching
- Biobleaching '
- Papermaking . o o - B
Technologies: T Technology Introduction: 2005-2015

- High-Consistency Forming*

- Advances in Wet Pressing:

- Press Drying* '

- Impulse Drying* . - _

- A1rRad10-Frequency—Ass1sted (ARFA)
Drymg* .

* Potential __for retrofit

Glass and Glass Product Industry
State-Of-The-Art Technologles (Energy Savmgs by Process Step) |

Batch Preparation_ - ‘ .
Technologies: =~ -~ - Computerized Welghmg, M1x1ng, and
‘ Chargmg

Melti_ng’/Refming _ : _
Technologies: S Total savings over average current’
: » S _ technologies: 21-27%
" - Chemical Boosting.
- Oxygen Enriched Combustion Air* -
Automatic Tap Charging Transformers
for Electric Melters
‘Sealed-in Bumer Systems*
Dual-Depth Melter:
Chimney Block Regenerator
Refractories
Reduction of Regenerator Air
, 4 ~Leakage* - ' ‘
B L - - Recuperative Burners*

Fornﬁng

- Energy Informatlon Admmxsi:ratlon
D-12 NEMS Industrlal Demand Model Documentation Report




Post Forming
Technologies:

% Potential for retrofit

~ Advanced Technologies

Batch Preparaﬁon |
Technologles

. Meltmg/Refmmg
Technologles

* Potential for retrofit

. Forming
Post-Forming

- * Potential for retrofit’

- Embhart Type 540 Forehearth

- EH-F 400 Series Forehearth - v
- - Forehearth High-Pressure Gas ang S

System

- nghtwelghtmg*

No advanced technologies identified

Technology Introductlon 1995-2010
- Direct Coal Firing '

- Submerged Burner Combustlon ‘

- Coal-Fired Hot Gas Generation*
" Advanced Glass Melter
* - Batch Liquefaction

- Molybdenum-Lined Electric Melter

~ - Ultrasonic Bath Agitation/Refining*

- Excess Heat Extraction from
Regenerators

- Thermochemical Recuperator

-"Sol-Gel Process

- Furnace Insulation Materials*
- ‘Pressure Swing Adsorptmn Oxygen o

Generator® -

- Hollow Fiber Membrane Air

Separation Process* -

Technology Introductlon 1995-2010

- Mold Design*

Mold Cooling Systems
Automatic Gob Control
Improved Glass Strengthemng
Techniques*

Improved Protective Coatmgs*

Energy Information Admxmstratlon , . o
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‘l-Iydrahlic Cernent Industry |

e State-Of-The;Art Teélihdlogies - (Energy Sav_ings by Process Step)

Dry Process N S : '
- Technologies: . - Roller Mills*
- .. - High-Efficiency Classrﬁers*
- Grinding Media and Mill erngs*
Waste Heat Drying*
Kiln Feed Slurry Dewatering* ‘
_ Dry-Preheater/Precalciner Kilns :
- Kiln Radiation and Infiltration Losses*
- Kiln Internal Efficrency Enhancement*
- Waste Fuels*
-Controlled Particle Size D1stribut10n
Cement
- ngh—Pressure Roller Press A
- - Finish Mill Internals Configuratmn,
- and Operation ‘
- Grinding Aids*

Imports Finish Grmdmg ’ _
Technologles s - - High-Efficiency Classifiers*
\ -- Controlled Particle Size Distribution -
' Cement* ‘
* - High Pressure Roller Press
- Roller Mills*
~ - Finish Mill Internals, Conﬁguratlon
and Operatlon .
- Grinding Aids*

* Potential for retrofit

'Advanced Technologies

. Eriergy- Information Administration » _
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Dry Process
Technologies:

Imports - Finish Grinding

. * Potential for retrofit
Iron and Steel Industry
State-Of-The-Art Technologies

Cokemaking
. Technologies: -

Ironmaking

' Technology Introduction: 1997-2013

- Autogenous Mills -
- Differential Grmdmg

'~ Sensors and Controls*

- Fluidized-Bed Drying

- Stationary Clinkering Systems -

- AllQEleetric_ Kilns -
- Sensors for On-Line Analysis*

. - Advanced Kiln Control* -

- Catalyzed, Low-Temperature
- Calcination - :

- Alkali Spe<:1ﬁcation Modification* ‘
- Cone Crushers* '
- = Advanced (Non—Mechamcal)

Comminution

- .- Modifying Fineness Speaﬁcatlons* :
- Blended Cements*

- Advanced ‘Waste Combustlon ‘

‘ Technology Introductmn 1997—2013
- Sensors and Controls*

- Cone Crushers* , L
- Advanced (Non-Mechamcal)

. Comminution

- Modifying Fineness Spemﬁcanons*

" - Blended Cements*

(Energy Savings by Process Step) =

- Dry Quenching of Coke*

- Carbonization Control

- < Programmed Heating

- ‘'Wet Quenching of Coke with Energy
Recovery
- Sens1b1e Heat Recovery of Off- Gases*

Energy Informatlon Admmlstratlon - , N
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Technologies: S -~ BlastFurnace
- ' - - Coal Injection*®
I Water-Coohng
- Movable Throat Armor*
- - Top Gas Pressure Recovery*
- Hot Stove Waste Heat Recovery* -
- Insulation of Cold Blast Main*
“-.Recovery of BF Gas Released Durmg '
 Charging
- Slag Waste Heat Recovery*
- Paul Wurth Top* o
- External Desulfurization - injection of
calcium carbide or mag-coke as a _ .
desulfurizing reagent*
- D - - Midrex/HBI
Steelmaking |

Energy Information Administration 1
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Technologies: o " Basic 0xygen Furnace -
: " - Gas Recovery in Combination with

" Sensible Heat Recovery* '

- Two working vessels concept™

- Combined Top and Bottom Oxygen
" Blowing*

- In-Process Control (Dynanuc) of Temp

- and Carbon Content* ‘

. A

Electric Arc Furnace

- DC Arc Furnaces* :

- Ultra-High Power (UHP)*

- - Computerization*

- Bottom Tap Vessels* ~

- Water-Cooled Furnace Panels and
Top*

- Water-Cooled Electrode Sectlons*

- Oxy-Fuel Burners* = o

- Long Arc Foamy Slag Pracuce*

- Matérial Handling Practices*

Induction Furnaces*

Energy Optimizing Furnaces*
Scrap—Preheating*
Ladle Drymg and Preheatmg*

Injection Steelmaking (ladle metallurgy)
- Vacuum Arc Decarburization*. '
- Argon Stirring*

Specialty Steelmaking Processes
" - Electroslag Remelting (ESR)*
- Argon-Oxygen Decarburization
~ (AOD)*
- Vacuum Induction Meltmg (VIM)*
- Electron Beam Melting (EBM)*
- Vacuum Arc Remelting (VAR)*

Steelcasting : : : -
Technologies: - - B © - Modern Casters* .
. ‘ ' - Thin Slab Casting
- Slab Heat Recovery* _
- - Soaking Pit Utilization and Pit Vacant
Tlme* '

Steelforming (rolling)

Energy Information Admlmstratmn . o _
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. Technologies: S " Hot charging-

. Preheating Furnaces -
- - Improved Insulation*
- Waste Heat Recovery and Air
Preheatmg*
- Waste Heat Recovery and Fuel Gas
- Preheating*
- Increased Length of the Preheatmg
- Furnace
- Waste Heat Boﬂers
- Evaporauve Coohng of Furnace Skids

Direct Rolhng '
- Leveling Furnace*
-- The Coil Box*
- Covered Delay Table*

Plckhng - Insulated Floats* -

Annealing
- Air Preheating*
.- Fuel Gas Preheating*
- Combustion Control* -

Contmuous Annealmg
Continuous Cold Rolling

* Poteotial for retrofit

~ Advanced Technologies

Ironmaking o R

Technologies: o » - PLASMARED

: _ ‘ ’ ‘ - COREX ‘
- Direct Iron Ore Smeltmg (AISIy
- HiSmelt '

- Fastmet
- Iron Carbode Route

- KR Process
- Iron ore reduction/steelmaking (AISI)

‘Direct Steeln‘iaking

’ ' Energy Information Admnmstratmn
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Technologies: - ~ PLASMAMELT
'INRED .
ELRED -

Foster Wheeler - Tettoﬁics Expanded
Processive Plasma Process

Steelmaking ; : :
~ Technologies: - - Scrap Preheatmg*
' ' - Energy Optimizing Furnace (EOF)
- Modern Electric Arc Furnace with
Continuous Charging/Scrap Preheatmg :
'~ - Modern Basic Oxygen Furnace . -
- Injection of Carbonaceous Fuels
- Increased Scrap Use
- Ladle Drying and Preheating™
- ‘Injection Steelmaking

~Steelcasting , :
- Technologies: : ’ - Horizontal Contmuous Caster*
- o - Near Net Shapecasting*
- - Direct Strip Casting*
- Ultra Thin Strip Casting*
- Spray Casting

Hot/Cold Rolling: - . - Direct Rollmg :
SRR ' ’ - Continuous Cold Rolling and F1msh1ng
- In Line Melting/Rolling
: - = Advanced Coating .
“ *Potential for retrofit

NOTE: Many advanced technologles 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 resmence 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: ’ 3 ' - Heat Recovery*

. Energy Information Administration . : , _
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: anary Alumihum :
Technologies

Semi-ﬁébﬂcaﬁon_
- Technologies

Secondary Aluminum
Technologies:

* Potential for retrofit -

Advanced Technologies

Alumina Refining
Technologies:
Primary Aluminum
Technologies:

'Semi-Fabrication
- Technologies:

, Seeondary Alummum :

‘Technologies:

* Potential‘ for retrofit

- Advanced Cells
- - New.Cathodes*

- CohtinuOtis’-Su'ip Casting

2 5_Electromagnetic Casting

- Induction Melting
- Advanced Melting

- Retrofit of VS-‘O-A technolo_gies*"

Technology Introduction: 2003-2023

' - Carbothermic Reduction
. - Inert Anodes * -

- Bipolar Cell Technology
- Wettable Cathodes*

Technology Introduction: 1995-2010
- New Melting Technology*
- Preheaters*

Technology Introduction: 1995-2010

- New Melting Technology (submerged
radlant burners)

- Preheaters*®

- Heat Recovery Technology

Source: Decision Analysxs Corporation of Virginia and Arthur D. Little, Industrzal Model: Selected Process Flows

Revised Final Report, (prepared for EIA) 1993.
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Table D16 Changes m Fractlonal Energy Shares

Qld Plant - New Plant o

| 1988 2015 1988 2015
CEMENT , , | S o
- wet process: electric . _ 0.11 011 - NA . NA

- wet process direct fuels (1) - ‘ . - 0.89 089  NA NA

- dry process: electric - 009 000 017 o021

. - dry process: direct fuels (1) ‘ o o SR 1R 091 - . .0.83 -.0.79 -
IRON AND STEEL ‘ . , : S _ o :

- - EAF: electric ‘ . ' . ' 1.0 0.72 . 096 . 044 :
- EAF: directfuels ) =~ = 0 028 004 056
- Cold Rolling: electric - R 047 o047 . 020 o021
- Cold Rolling: steam ) o o - 035 © 035 0.41 047
- Cold Rolling: direct , o / 048 048 039 032

- Iron and Steel Making (BF/BOF): electric . - 001 001 002 002

" - lron and Steel Making (BF/BOF): steam. ' . 008 . 0.08 (3) &)

- ron and Steel Making (BF/BOF): natural gas - o 0.06 . 0.26 009 - 008 .
- 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 o . -0.53

- Iron and Steel Making (BF/BOF): fuel oil , : 002 - 0.02 - 082 0
OTHER SECTORS | o @ - N C -

(1) Predominantiy coal
(2) Predominantly natural gas
(3) Blast Furnace/Basic Oxygen Fumace (BF/BOF)

" and future 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-O) , '

~ Sources: Decision Analysis Corporation and Arthur D. Little Inc., NEMS Industrial Model: Update on Selected

Process Flows and Energy Use Unpubhshed Report Prepared for Energy Informatlon Admnustratwn, (Vienna, VA,

' 1994)
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Table D17 Logut Functlon Parameters for Estlmatmg Bmler Fuel

- Shares , \

Industry Alpha ' Natural | sSteamCoal = | = oil

_ a ' , -~ Gas ‘ e :
Food ..........«..... - ~0.75 - - 0.6047 ; 0.2623 o 0.1331
Paper and Allied Products - .-050 -  0.4668 : 0.3374 . - 0.1958
Bulk Chemicals . . ...... -0.50 0.6899 - 0.1783 o 0.1317
Glass and Glass Products - -0.50 - 0.9693 , 0.0 0.0307
Cement.............. - -2.00 0.4882 . o 0.2843 _ 0.2276
Steel ......... cesiee.  -150 . 0.5689 © 02155 ‘ 0.2156
Aluminum ............ . -0.50 0.7916 ‘. 0.0 S 0.2084
Based Durables ....... -0.50 0.575 0.2666 ' 0.1584
Other Non-IntMFG ... ... © -0.50 ‘0.6313 - . 02285 . . . 0.1401

Sourc_e: Energy Informaﬁon Administratien, Office of Integrated Analysis and Forecasting.

I

Table D18. Cogeneration Regressions

’Generation '
| DEK = 2B + 0B x DSEM .
ME. 03) O®) - o |
T-Sditc 86 1.5 - ®-4)

Seen  Viigiel R2-oc91

- Generation for ownuse .-

DO = -1lB - 19 x INBK

W E. 0F) 0&) S o |
T-Siic =~ -8R  B.D T D5y

Swm Vgl R? =081

Energy Information Administration
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Table D19 Retirement Rates

~ Retirement Rate o Retirement Rate
Industry : (pereent) Industry (percent)
- \ - ~ Blast Furnace and | o
o - Basic Steel Products o
Food and Kindred - (Electric Arc ' R
Products ......... A Furnace) R
Blast Furnace and Glass and Glass - ) 3‘]
Basic Steel Products ‘ Products ........" T
(Blast Furnace/Open Cenn . B , o
© Hearth) ......... o >0.0 Hydraul: Cement . ) 12
Blast Furnace and Pri ST L
Basic Steel Products . - o ary Al A um : 2'1
.(Blast Furnace/Basic , ' o e
Oxygen Furnace) ... 00 E Based Dmabres ’ 1.5
. | | Other MFG . ... ... ._

23

Source: US Department of Commerce, Bureau of the Census, Survey of Plant Capacity, unpublished data,

Table [52_0. Recycling

Secter - Estimate for Projected for
1991 - 2015
Paper and Allied Products (waste pulplng) 24% 37%
Blast Fumace and Basic Steel Products (scrap meltmg ' ‘37%‘ , 50%
- in electric arc furnace)

Source: Decision Analysis Corporation and Arthur D. Little Inc., NEMS Industnal Model: Update on Selected Process
Flows and Energy Use Unpublished Report Prepared for Energy Informatlon Adrmmstranon, (V ienna, VA, 1994)
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