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~ 1. Introduction
Purpose of this Report . ‘ - <

This -repori documents the objectives, ahalytical approach, and development of the National Energy
* Modeling System (NEMS) Industrial Demand Model. The report catalogues and describes model
assumptions, computational methodology, parameter estimation techniques, and model source code.

This document serves three purposes. First, it is a reference document providing a detailed description of
the’ NEMS Industrial Model for model analysts, users, and the public. - Second, this report meets the legal
requirement of the Energy Information Administration (EIA) to provide adequate documentation in

support of its 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 Summary

The NEMS Industrial Demand Model is a dynamic accounting model, bringing together the disparate
industries and uses of energy in those industries, and putting them together in an understandable and
cohesive framework. The Industrial Model generates mid-term (up to the year 2020) 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 industrial output.
Based on the values of these variables, the Industrial Model passes back to the NEMS system estimates of
consumption by fuel types. ) ' -

The NEMS Industrial Model estimates energy consumption by energy source (fuels and feedstocks) for9 -
manufacturing and 6 nonmanufacturing industries. The manufacturing industries are further subdivided
into the energy-intensive manufacturing industries and non-energy-intensive manufacturing industries.

The energy-intensive manufacturing industries are modeled through the use of a detailed process flow
accounting procedure, whereas the non-energy-intensive manufacturing industries are modeled through
econometrically based equations. The nonmanufacturing industries are represented with a very basic
model. The industrial model forecasts energy consumption at the four Census region levels; energy

consumption at the Census division level is allocated by using SEDS data.

Each industry is modeled as three components consisting of the process/assembly component (PA), the
buildings component (BLD), and the boiler/steam/cogeneration component (BSC). The BSC component -
satisfies steam demand from the PA and BLD components. In some industries, the PA component
produces byproducts that are consumed in the BSC component. For the energy-intensive industries, the
PA.component is separated into the major production processes or end uses. ‘

Energy Information Administration - .
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- Archival Medla =

The model has been archived on IBM RISC 6000 magnetlc tape storage as part of the National Energy
Modelmg System production runs used to generate the Annual Energy Outlook 1998 Itis archived as
File 1 on Verbatlm tape, 8mm-DL 112M, serial number 1046G112. :

Model Contact

T. Crawford Honeycutt
(202)586-1420 '
choneycu@eia.doe.gov

Office of Integrated Analysis and Forecasting
Energy Demand Analysis Branch

1000 Independence Avenue, SwW

EI-813, Room 2F-094

Washington, DC 20585

. "Energy Information Administration
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Orgamzaﬂon of th|s Report

Chapter 2 of this report discusses the purpose of the NEMS Industnal Demand Model, detailing its
objectives, input and output quantities, and the relationship of the Industrial Model to the other modules of
~ the NEMS system. Chapter 3 of the report describes the rationale behind the Industrial Model design, -*

+ providing insights into further assumptions utilized in the model. 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, including the
key computations performed and key equations solved in each subfoutine.

The Appendices to this report provide supporting documentation for the Industrial Model. Appendix A
lists and defines the common variables used in the Industrial Model in Tables A1-A10. The same variable
names are used in the text of the documentation. Table A11 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-model development process. Appendix C consists of a model abstract. Appendlx D lists the
input data and estimation methods for deriving the input data.

L4
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2, Model Purpose
- Model Objectives -

The NEMS Industrial Demand Model was designed to forecast industrial energy consumptlon by fuel type .
and Standard Industrial Classification (SIC). The Industrial Model generates mid-term (up to the year
2020) 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 (mcludmg feedstocks and renewables) for each of 15 SIC- 1industry 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.

The NEMS Industrial Model is an annual energy forecasung model; as such, it does not project seasonal or
daily variations in fuel demand or fuel prices. The model was designed primarily for use in applications
such as the Annual Energy Outlook and other apphcatlons that examine mid-term energy—economy
interactions. ‘ ~

The model can also be used to examine various policy, environmental, and regulatory initiatives.. For
example, energy consumption per dollar of output is, in part, a function of energy prices. , Therefore, the
effect on industrial energy consumption of policies that change relative fuel prices can be analyzed .
endogenously.in the model. :

To a lesser extent, the Industrial Model can endogenously analyze specific technology programs or energy
standards. 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 mdustnes

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. The industrial model uses “technology bundles” to characterize technical change
in the energy-intensive industries. These bundles are defined for each production process step for five of
the industries and for end use in two of the industries. The process step industries are pulp and paper, -
glass, cement, steel, and aluminum. The end use industries are food and bulk chemmals

The unit energy consumptlon is-defined as the energy use per ton of throughput ata process step or as
energy use per dollar of output for the end use industries. The “Existing UEC” is the current average
installed intensity (as of 1991). The “New 1991 UEC” is the intensity expected to prevail for a new
installation in 1991. Similarly, the “New 2015 UEC’ is the intensity expected to prevail fora new
installation in 2015. For intervening years, the intensity is interpolated. The same implied rate of change
is also applied through 2020.

Energy lnformatlon Admlnistratlon
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 The rate at which the average intensity declines is determiried by the rate-and timing of new additions to
capacity. ‘In our current model, the rate and timing of new additions are a function of retirement rates and
-industry growth rates.. - a ' ' '

The modél uses a vintage capital stogkagéounﬁng framework that models energy use in new additions to
the stock and in the existing stock. This capital stock is represented as the aggregate vintage of all plants
- built within an industry and does not imply me inclusion of specific technologies or capital equipment. ]

Interaction with Other NEMS Moduies
. Table 1 shows the Industrial Mc;del inputé from and outpilts to other NEMS modules. Note that all inter-
module interactions must pass through the‘integrgting module. :

- -

Energy Information Administration . - /
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Table 1. Interactlon With Other NEMS Modules

INPUTS From Module
Controlling information (iteration count, present year, number of years to . ' "System
“be modeled, convergence switch, etc.) :
Electricity prices Electricity Market Module

Natural Gas T & D

||_Natural gas prices

Steam coal prices . -
Metallurgical coal prices

Coal S'upply

Distillate oil prices

Residual oil prices

LPG prices '

Motor gasoline prices
Petrochemical feedstock prices
Asphalt and road oil prices
Other petroleum prices

| Petroloum Market Module

Value of output- ‘

Refinery consumption of:
Natural gas
Steam coal
Distillate oil
Residual ol
LPG ’
- Still gas
. Petroleum coke
Other petroleum
Purchased Electncnty

Lease and Plant Natural Gas Consumption

Macro

Petroleum Market Module

Natural Gas Transmission and
Distribution Module

Energy Information Administration
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_'_Téble 1. |nteract|on with Other NEMS Modules (contmued)

To Module

Industrial consumption of:
Purchased electricity
Natural gas -°
Steam coal
Metallurgical coal - -
"Net coal coke imports
Distillate ail
. Residual oil

LPG )

Motor gasoline
* Kerosene
~ Petrochemical feedstocks

Still gas

Petroleum coke

Other petroleum

Supply Modules

~ Biomass
) Hydropower
Solar/wmd/geothennal/etc

Consumption of renewables;

Co System

Nonutlhty generation:
Cogeneration of electricity
Electricity sales to the

grid and own use

. | Etectricity Market Module

Energy Information Administratlon
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3. Model Rationale
',Theoretical Approach

'lntradqction

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 industrial sector is used as the framéwork from which to base the dynamics of the model.

One of the overriding characteristics in the industrial sector is the heterogeneity of industries, products
equipment, technologies, processes, and energy uses. Adding to this heterogeneity is that the industrial
sector includes not only manufacturing, but also agriculture,"mining, and construction. These disparate
industries range widely from highly energy-intensive activities to non-energy-intensive activities. Energy-
intensive industries are modeled at a disaggregate level so that changes in composition of the products

* produced will not significantly offset accounting of energy consumption. Other industrial modehng
approaches have either lumped together these very different activities across industries or users, or they
have been so disaggregate as to require extensive resources for data development and for running the
model. .

>

Modeling Approach

A number of considerations have been taken into account in building the industrial model. These

considerations have been identified largely through experience with the current and previous EIA models

and with various EIA analyses, through communication and association with other modelers and analysts,

and through literature review. The primary considerations are listed below.

®  The industrial model incorporates three major industry categories, consisting of energy-
intensive manufacturmg industries, non-energy-intensive manufacturing industries, and
nonmanufacturing industries. - The level and type of modeling and the attention to detail is
different for each.

] Each industry is modeled as three separate but interrelated components, consistingof =
boilers/steam/cogeneration (BSC), buildings (BLD) and process/assembly (PA) activities.

] 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 ex1stmg stock is retired based on
retirement rates for each industry. .

o The energy-intensive industries are modeled with a- structure that exphc1tly descnbes the
major process flows or major consummg uses in the industry.

. Energy information Administration
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Ld . The industrial mode] uses “technology bundles” to characterize technical change in the
) energy-intensive industries. These bundles are defined for each production process step or

~enduse. -

'® * Technology penetration for each technology bundle for each production process step or
end use in each energy-intensive industry is based upon engineering judgment.
. @ The model structure accommodates several industrial sector activities including: fuel
© switching, cogeneration, renewables consumption, recycling and byproduct consumption.
- The principal model calculations are perfdrméd at the four Census region levels and
+ aggregated to a national total. Ca :

Fundamental Assumptions

'i‘he industrial sector consists of a wide variety of héterogéneous 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 in the industrial model. These are as follows: food.
and kindred products (SIC 20); paper and allied products (SIC 26); bulk chemicals (SICs 281, 282, 286,

i

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 forecasts of
lease and plant and cogeneration consumption for Oil and Gas (SIC 1311) are exogenous to the Industrial
Model, but endogenous to the NEMS modeling system. . ' -

Each industry is modeled as three separate but interrelated component§ consisting of the process/assembly

‘component (PA), the buiildings component (BLD) and the boiler/steam/cogeneration component (BSC).

(See Figure 1). The BSC component satisfies the steam demand from the PA and BLD components. For
the energy-intensive industries, the PA component is broken down into the major production processes or
end uses. - ‘ \ T ’ _—

: - Er;ergy Information Administration '
- NEMS Industrial Demand Model Documentation Report 1998 . 9

-



,

Figure 1. Ihdustrial Model Comi:onen'ts

Energy Sources

10

Boiler/Steam/Cogeneration
(BSO)

Steam &

electricity -

. Buildings and Others (BLD)

Process/Assembly (PA)

Energy
Byproducts
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The ﬂow of energy among the three industrial model components Tollows the arrows. Energy consumptlon
in the NEMS Industrial Model is pnmanly 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 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, thie amount of energy consumed
to produce the relevant mdustnal products typically i increases at a slower rate.

~ The amount of energy consumption reported by the Industrial Model is also a function of the vintage of the
capital stock that produces the output. It is assumed that new capital 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 unit of output using new capital stock is

less than that'required by the existing capital stock. The eneérgy 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
- and tear. The net effect is that over time the amount of energy required to produce a unit of output
declines. Although total energy consumption in the industrial sector is projected to increase, overall _
energy intensity is projected to decrease.

Energy consumption in bu11dmgs is assumed to grow at the same rate as employment in that mdustry
Energy consumption in the BSC is assumed to be a function of the steam 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 industry categories are also chosen to be as
consistent as possible with the categones which are available from the Manufacturing Energy
Consumption Survey (MECS).? Table 2 ldentlﬁes 6 nonmanufacturing 1ndustnes and 9 manufactunng

Note that manufacturing employment generally falls in a typical Annual Energy Outlook forecast. As
a result, buildings’ energy consumption falls over time. Given this situation, we have assumed theréisno
additional consumption decline due to efficiency increases.

*The Standard Industrial Classification (SIC) codes have been modified at various points in time,
leading to occasional difficulties with tracking specific industries over time."

3All of the two digit mdustnes can be made cons1stent with the published tables in MECS, but the
published MECS tables do not always have subcategones (below 2 digit) that add up to their industry total.
Moreover, in cases where there are subcategone_s, MECS uses fairly specific 4-digit industry which is

Energy Information Administration o
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‘mdustnes Wlthm the manufacturmg industries, the seven most energy-mtenswe are modeled in greater
detail in the Industrial Demand Model. Reﬁmng (SIC 291 1), alsoan energy-mtenswe industry, is modeled

elsewhere in NEMS.

Table 2. lndustry Cate.gories

'| Energy-Intensive Man'uf'actur_lng'
Food and Kindred Products (SIC 20)
Paper and Allled Products. (SlC 26)
Bulk Chemlcals (SIC 281 282, 286 287)

' Glass and Glass Products (sic 321 322, 323)
Hydrauhc Cer;lent (SIc 324) -
Blast Fumaces and Basic Steel (sic 331, 322) -
Primary Aluminum (SIC 3334) l

Nonenergy-lntenslve_ Manufacturlng

Metals-Based Durables (SIC 34, 35, 36, 37, 38)

SIC)

Other Manufacturing (all remamlng manufactunng

[

'Nonmanufacturing industries

'Agricultural Production -"c:rops (sico1)

Other Agnculture including Livestock (SIC 02, 07,
- 08, 09)

" Coal Mining (SIC 12). -

Oil and Gas Miqing (SIC 13)
Metal and Other Nonmetallic Mmmg (SIC 10, 14)

'Constructlon (SIC 15 16, 17)

SIC = Standard Industrial Class;ﬁcauon T,

- Source: Office of Management and: Budget, Standard Industnal Classxﬁcatwn Manual 1987 (Spnngﬂeld VA, Nauonal

Technical Information Service).

Energy Sources Modeled '

The NEMS Industrial Model estimates energy consumptlon by 15 industries for 17 energy types. The

ma_]or fuels’ mode]ed in the Industrial Model are:

" Electn'city
-+ Natural Gas

- Steam Coal
‘Distillate Oil
Residual Oil
LPG for heat and power.
Other Petroleum
Renewables -

typically at a lower level of detail than that which is des1red for the industrial model. This makes for some

dlfﬁculty with coordmatlon

Ve

- . Energy Infon\'mation Administration '
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@ Motor Gasoline -
,Other energy sources® that are used in specific industries are also modeled:

Natural Gas Feedstock
Coking Coal (including net imports)
LPG Feedstock
Petrochemical Feedstocks
. ‘Asphalt and Road Oil -

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

The key computations of the Industrial Model are the Unit Energy Consumption (UEC) estimates made for
each SIC industry group. UEC is defined as the amount of energy required to produce one dollar’s worth

* of output. Distinguishing between the characteristics of the process when new capital equipment is put into
place and the characteristics of the process with existing capital equipment is done with a vintage-based
accounting procedure In practice, the fuel use pattern typicaily is similar across vintages.

The modeling approach mcorporates technical change in the productlon process to achieve lower energy
Jintensity. 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 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 becatise of their energy consumption
characteristics; industrial innovations are adopted for a combination of factors. These factors include
process changes to 1mprove product quality, changes made to improve productivity, or changes made in
Tesponse to the competitive environment. These strategic decisions are not readily amenable to economic
or engineering modelmg at the level of dlsaggregatron in the Industrial Model

Buildings Component UEC

' Buildings are estimated to account for 6 percent of heat and power energy consumption in manufacturing
industries.’ Estimates of 1991 manufacturmg 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 mdustry This assumption appears to be reasonable since lighting and HVAC are used
primarily for the convenience of humans rather than machines. °

Still gas and petroleum coke are consumed primarily in the refining industry, which is modeled in the
Petroleum Market Module of NEMS.

1

’Computed from Energy Information Administration, Manufaczunng Consumptzon 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 _

Energy Information Administration -
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Process and Assembly Component UEC . - -

. - i - ] - :
The process and assembly component accounted for the largest share, 52 percent, of direct energy
consumption for heat and power in 1991. Of the total, natural gas accounts for 52 percent and electricity -
accounts for 38 percent. " R ‘ .o :

* Estimation of the PA component UECs differs according to whether the industry is an energy-intensive
industry or an €nergy non-intensive industry. UECs for the énergy non-intensive industries are estimated
using econometric techniques. For the energy-intensive industries, engineering data relating energy

~'consumption to the product flow through the process steps are used. In addition, engineering judgment is
. also used to characterize autonomous change in the energy-intensive industries through the use of '

Technology Possibility Curves. Each of these methiods is discussed in the following sections.
° . : N . : N
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 total fuel shares across all process stages and

. vinitages of equipment to account for aggregate market response to changes in relative fuel prices. 5
The fuel share adjustments are done in two stages. The first stage determines the fuel shares of 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, NEWSHRi, is established as
a function of the initial, default fuel-group shares, DEFLTSHRJ- 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:

PR

DEFLTSHR, '+ ¢ ~ FeFRCRAT) S /
NEWSHR, = — . :

. DEFLTSHR, + ¢ = FrPReramy’
j=1

(@

- wher ‘ S o
e: B - .
' NEWSHER; ° = New fuel-group share for fuel i, and

DEFLTSHR, -= Default fuel-group share for fuel i,

The coefficients '[?I are user-specified. Théy were assumed to be 0.65 for the An}zyal Energy Outlook
1998. : : - o ) , :

The form of the equation results in unchanged fuel shares when the price indicfes’ are all 1, or unchanged

from their 1996 levels: The implied. own-price elasticity of demand is about -0.1 for the assumed values of

b

~

t
.

SPrimary aluminum is excluded because it uses only electricity in the proceés and assembly component. _

: Erieljgy.lnformation A_dm[histration .
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Non-Ehergy-lntensive Manufacturihg‘UE C Estimation

.

The unit . energy consumptlon 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 function is specified as follows .

In(c) = ao+E a,ln(w,)+-[2):d ]ln(w,)ln(wj) +In(y)

' where dﬂ—dj, to insure symmetry. The optlmal share fori mput Icanbe found by differentiating the (log)
cost function wnh respect to the (log) price of the i'th fuel.
CoANg | dew o : :
aln(w,) aw’ c ¢ a‘+j§ dlj‘ln (wj) . \ | . N

1

where oc/ow=x; by Shephard's Lemma. Theory requirés that the cost function be homogeneous of degree
- onein 1nput prices. For the translog mode] this implies that

\
\

These conditions allow us to eliminate one equation, because its parameters can be inferred from equatlons
(3). These equations were estimated usmg nonlinear optlmlzauon techniques in the Statlstlcal Analysis
System.

In.the future, a similar translog specification may be used for the non-manufactunng industries. However
the limited data available for these industries currently precludes more than a basic representation with

constant UECs or user-specified sets of changes.

The baseline (1991) PA component UEC values for the- non-manufacturmg and the non—energy-mtensrve

manufacturing industries are given in Appendix D, Table D2 and Table D3, respectively. The regression

results for metals-based durables and other non-intensive manufactunng industries are located in Table D4
in Appendix D - .

Energy-lntenslve Industry UEC Estimation

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

", according to the process flows in that industry. The industries are food and kindred products, paper and .
allied products, 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 industry but it is
being modeled elsewhere in NEMS.)

-
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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 relationships ‘among the steps
.. were specified. The process steps for the seven industries were analyzed according to one of the following
methodologies: - & R a ' :

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, hydraulic cement,
" blast furnace and basic steel products, and primary aluminum). : '

Methodolo'g): 2. Developing end use estimates by generic process units as a pgrcentége of total u§e'in the
* .PA component. This was especially applicable where the diversity of end products and unit processes is
extremely large (food and kindred products, and bulk chemicals). i .

In both inéthddolﬁgieé, major components of consumption a.re‘idenﬁﬁed'by process for various energy
sources: : ' - .o '

Fossil Fuels; S _ : -
Electricity (valued at 3412 BtwkWh); . ’
. Steam; and 4 .
* . Non-fuel energy sources.
. ! ’
The following sections present a more detailed discussion of the process steps and unit energy .
consumption estimates for each of the energy-intensive industries. The data tables showing the estimates
are presented in Appendix D and are referenced in the text as appropriate. The process steps are model
inputs with the variable name INDSTEPNAME. =~ ) '

t

-

The food and kindred products iﬁdustry accounted for 14 percent of manuii’acturing 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 categories: . ’

Steam or hot water; - R ' -
Direct fuel used in a process such as in grain drying or directly 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 kindred products industry.

The UECs estimated for this industry are provided in Table D5, Appendix D. Note that the steam/hot
water use shown in the table represents the-energy content of steam that is used in the industry sub-sector
(i.e., boiler losses and efficiencies are not included in these tables). The dominant end-use was steam (and
hot water), which accounted for 57 percent of the total energy consumption. Direct fuel use made up about
25 percent. Electric energy contributed 18 percent of the energy consumption. ‘

A3

o Energy Information Administration . ‘
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Figure 2. Food and Kindred Products End-Use Flow

" End Uses

-

y y . y
Direct Heat Hot Water/ Refrigeration Electric Other
-Ovens Steam and Freezing -Ovens
- -Roasters -Pasteurization " ~Process Heat
-Drying -Sterilization
-Baking - -Blanching
- =Singeing -Evaporation
T -Distillation
y l y A _
Final Consumpﬁon

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 also includes processes such as drying, liquor evaporation, effluent
treatment and miscellaneous auxiliaries. Bleaching is required to produce white paper stock.

Energy Information Administration
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"Figure 3. Paper and Allied Products Industry Process Flow
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~

¢ ’

Paper and paperboard making takes the pulp from the above processes and makes the final paper and paper )
board products. The manufactunng operations after pulp production are similar for each of the paper end-
products even though they have drfferent desired characteristics imparted by the feedstocks (fibers

furnished) and specific processes used. The processes in the paper-making step include papermdking,
converting/packaging, 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 mclude wood-free prmtmg paper, groundwood pnnung paper, newsprint paper, tissue paper and

~
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packagmg paper. The major paper board products mclude kraft paperboard, corrugatmg medmm 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 Btw/ton of final product. The unit energy use estimates for this industry are provided in
Table D6, Appendix 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 regional d1stnbut10n for each technology is
shown in Table D12 in Appendix D .

The bulk chemical sector is very comblex. 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 quadrillion Btu) of the total energy

consumed in the industrial sector. This mdustry isa ma_]or energy feedstock userand a ma_]or cogenerator
of electricity,

The complexity of the bulk chemical mdusn'y, with its wide variety of products and use of energy as both a
fuel and feedstock, has led to an end-use modeling approach. - The unit energy consumption in the PA
component for the bulk chemical industry is shown in Table D7 i in Appendlx D. The end-uses for the
industry is shown in Figure 4.

Figure 4. Bulk Chemical Industry End-Use Flow

End Uses
A A v ] v
E;gg;;g;{,’;i{,,a, Other Electricity ' Direct Fuel " Steam
A 4 l ‘ _ y A
Final Consumption
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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 industry. While scrap (cullet) and virgin materials are shown separately, this is done to
separate energy requirements for scrap- versus virgin material melting. In reality, 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. - S S B K

The glass and glass product industry conisumed approximately 226 trillion Btu 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-mainly in furnaces for melting. Table D8

)

in Appendix D shows the unit energy consumption values for each process step.

~
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Figure 5. Glass and Glass Products Industry Process
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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 is then ground to produce cement. “The industry produces cement by two major processes: the long-
‘wet process and the dry process. The dry process is less energy-intensive than the wet process. ‘As a result,
it is assumed in the mode] that all new plants will be based on the dry process. Figure 6 providesan
overview of the process steps involved in the hydraulic cement industry. '

The Portland Cement Association reported that in 1991 the hydraulic cement industry 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 ingredient in concrete mixtures, it is used in _
" virtually all types of construction. As a result, the U.S. demand for cement is highly sensitive to the levels
of construction activity. The wet process accounted for 37 percent of prodiiction, while the dry process

* accounted for about 63 percent. - S : L :

The hydraulic cement industry exhibits one of the highest unit energy consumption-values (MMBtu/dollar
value of output) in the U.S. industrial sector. The industry consumed approximately 312 trillion Btu of
energy in 1991 as identified in the 1991 Manufacturing 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 grinding equipment,
materials handling equipment, machine drives and pumps ‘and fans.

The wet process requires significantly larger amounts of energy which can be largely attributed to fuels
used to dry the feed.  While wet grinding is known to require less energy than dry grinding; the entire wet
process has longer kilns, requiring greater energy use than the dry process to drive them.. Higher air flows,
larger pollution control devices, and generally older facilities lead to slightly larger estimated electric
-energy use for the wet process.’ : - : ‘ oo
The UEC values for each process in the hydraulic cement industry are shown in Table D9, 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 production processes is presented in Table D12 in Appendix

. Energy Information Administ;atlon L
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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:
Agglomeration; : - -
Cokemaking; ‘

Iron Making;
Steel Making;
Steelcasting; and
Steelforming.

Steel manufacturing plants can be divided into tWo fnajor classifications: integrated and non-integrated.
The classification is dependent upon the number of the above process steps that are performed in the

-

i
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facility. Integrated plants perform all the process steps, whereas non-integrated plants, in general, perform
only the last three steps.- : o o :

. For the Industrial Model, a process flow was developed to classify the above six process steps into the five

" process steps around which unit energy consumption values were estimated: Figure 7.shows the process
flow diagram used for the analysis. The agglomeration step was not considered because it is not part of the

- SIC 33 (it is part of mining). -Iron ore and coal are the basic raw materials which are used to produce iron.

" A simplified description of a very complex industry is provided below. o ‘

. Iron is produced in the Blast Furnace (BF), which is then charged into a Basic Oxygen Furndce (BOF) or
Open Hearth (OH) to produce raw steel. The OH is now becoming obsolete. However, it was used to
some extent in 1991. The Electric Arc Furnace (EAF) is utilized to produce raw steel from an all scrap
charge, sometimes supplemented with direct reduced iron (DRI) or hot briquetted iron (HIBI).

‘The raw steel is cast into ingots, blooms, billets or slabs, some of which are marketed directly (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 impart surface finish or other
‘desirable properties. ; : - ' ’

In 1991, the U.S. steel industry produced nearly 100 million tons of raw steel utili;z.ing the BF/OH,
BF/BOF and the EAF. Taking process yields into account, the total shipments were approximately 85
million tons. The EAF acéounteq for almost 40 percent of the raw steel production, whereas the BF/BOF
accounted for 55 percent and thie 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 total) with the difference being cold rolled products along with a small
amount of direct shipped ingot, billets, blooms, and slabs. - ‘

Table D10 in Appendix D summarizes UEC estimates 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 (dénoted by a negative number in Table
D10) which are used throughout the steel plant. For the integrated 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 regional distribution of steel-making technologies is
presented in Table D12, Appendix D. ‘ o CL
The U.S. primary aluminum industry consists of two majors sectors: the primary aluminum sector, which is
largely dependent on imported bauxite and alumina as raw materials; and the secondary sector, which is -
largely dependent on the collection and processing of aluminum scrap. The primary and secondary

. aluminum industries generally cater to different markets. Traditionally, the primary industry bought little
scrap and supplied wrought products, including sheet, plate and foil. ‘The secondary industry.is scrap-
based and supplies foundries that produce die, permanent mold, and sand castings. In the past decade, the
primary producers have been moving aggressively into recycling aluminum, especially used beverage cans,

into wrought products. - / ‘ o

o . Energy Information Administration
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Figure 7. Iron and Steel Industry Process Flow
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~ The primary aluminum mdustry modeled in the Industnal 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: :

'

_SIC 3353: Aluminum sheet, plate, and foil;

SIC 3354: Aluminum extruded products;

SIC 3355: Aluminum rolling and drawing, nec.,; and
SIC 3341: Secondary Alummum ,

Domesuc alummum production plus aluminum ingot imports resulted in about 7.2 million tons 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 approxrmately

. 4.5 million tons of alummum products in 1991.

_The UEC estimates developed around the process steps shown in the process flow dlagram are presented in
Table D11 in Appendix D. As shown in the table, the alumina smeltmg 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 alumma and aluminum is used in kilns, furnaces and ovens. The regional d1stnbut10n of
smelters in the pnmary alummum Industry is presented in Table D12in Appendrx D.

Technology Poss:blllty Curves and Relative Energy Intensities

Future energy improvements were estlmated for old (retrofit) and new processes/pfants The energy
improvements for old plants as a group consist of gradual improvements due to .housekeeping/energy
conservation measures, retrofit of selected technologles and the closure of older facilities leaving the more
efficient plants in operation. The energy savings for old processes/plants were estimated using engineering
judgment on how much energy conservation savings were reasonably achievable in each industry. The
est1mated annual energy savings values for energy conservation measures. are modest (up to 0.5 percent per
year).

. Unit energy consumption values for the state-of-the-a.tt (SOA) and advanced technologies were estimated.
SOA technologies are the latest proven technologies that are available at the tlme there is a commitment

- made to build 2 new plant. These values were then compared to the unit energy consumption values for
1991 to develop a relative energy 1ntensrty (REI). Relative energy intensity is defined as the ratio of -

* energy use in a new or advanced process compared to 1991 average energy use (see Table D13 Appendrx

. D).
The savings shown in the append1x for the listed technologies represent savmgs over "average" 1991
energy use and SOA energy use. The latter increases are due to the gradual commercialization of
advanced technologies. Advanced technologles are ones which are still under development arid will be
available at some time in the future. Where a range is shown for the savings, it was assumed that the lower
end of the savings range would start to be realized in the beginning of the time frame, the midpoint of the
savings would be realized at the end of the time frame, and the upper end of the savings range would not

~. 'be realized until 10 or more years after the time frame shown. An energy savings range is most often given N

-

~
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when multiple technologies will be'becoming available in the future for the same process step or product
line. The savings range represents engineering judgment of the most likely achievable savings. In these
. instances, it is uncertain which specific technologies will be implemented, but it is reasonably certain that

at least one of these technologies or a similar technology is likely to be successful. .It is also recognized
that in some instances thermodynamic limits are being approached which will prevent further significant
improvements in energy savings. . o '

The improvement for new plants assumes the plant has been built with the SOA technologies available for
" that process. SOA technologies are the latest proven technologies that are available af the time there is a -
commitment made to build the plant. A second and often more important set of substantial improvements
are often realized when advanced technologies become available for a certain process. Often one sees a
number of technologies being developed and it is difficult to ascertain which specific technologies will be
successful. Some judgment is necessary as to the potential for energy savings and the likelihood for such
savings to be achieved. All the energy improvement values are based on 1991 energy u‘sage.

Additionally, even SOA technologies and advanced technologies can at times 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. Thus, if SOA technology has an REI of 0.80, old processes in the year 2015
will have an REI of 0.90. . ,

With a few exceptions (noted as appropriate in Appendix 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 different energy mix than the existing technology, it is so noted. ’ '

The initial results for a process step in an indisstry 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, the rate of change between the initial
point and final point is defined as the TPC and used to inteérpolate for the intervening points. (The TPCs

are given in Table D13.). ‘

Table D13 in Appendix D lists the RET'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 technologies considered in the analysis is presented in Table D14, Appendix D. T

Where the relative. amounts of different energy sources changes with time, separate equations were
-estimated for each energy source (Table D15 in Appendix D). The procedure for calculating UECs over
time includes establishing the energy sources used as a-fraction: of the total for each process step.

Energy Information Administration )
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Boiler, Steam, Cogeneratlon Component
The boiler, steam, cogeneratron (BSC) component consumes energy to meet the steam demands from the
other two components and to provide internaily generated electricity to the buildings'and process and

f

assembly components. The boiler component consumes fuels and renewable energy to produce the steam .

and, in appropriate srtuatlons, cogenerate electnclty

The boiler component is estimated to consume 40 percent of total manufactunng heat and power energy
consumptlon Within the BSC component, natural gas accounts for 63 percent and coal 26 percent.

"I'he 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 equatlon to the boiler steam requrrements to compute.the

- required energy consumptlon : ‘ C

“The boiler fuel shares are calculated using a logit formulation. (Note 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 fuel shares are produced for the relative prices that preva1led in 1991. The
equation for each manufacturing mdustry is as follows: .

i

@B

ShareFuel =
‘ EP"’(B,)

\

where the fuels are coal, petroleum, and natural gas. The P, are the fuel prices; ¢ are sensrtwlty
parameters; and the B; 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 D16.) 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 and steam) has beena 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 electricity generation to mdustnal steam demand

\

Parameter estlmates for the cogeneratlon 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 regressron results are presented in Table D17, Appendix D.

: T
7Computed from Energy Information Admrmstranon, Manufacturzng Consumptzon 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.
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Assumptions

Capital Stock and Vintaging , B
Industrial energy i:onsumptioxi is affected by increased energy efficiency in new and old plants, the growth
rate of the industry, and the retirement rate for old plants. The efficiency changes are captured in the 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 present, the capital stock is grouped into three vintages:
old, middle, and new. The old vintage consists of capital in production prior to 1991 and is assumed to
retire at a fixed rate each year. Middle vintage capital is that which is added from 1991 through the lag of
‘the forecast year. New production is added in the forecast years when existing production is less than the
output forecasted by the NEMS Regional Macroeconomic Model. Capital additions during the forecast -
horizon are retired in subsequent years at the same rate as the pre-1991 capital stock.” The retirement rates
used in the Industrial Model for the various industries are listed in Table D18 in Appendix D.

Renewable Fuels -

Renewable fuels are modeled in the same manner as all other fuels in the industrial model. Renewable
fuels are modeled both in the PA component and the BSC component. The primary renewable fuels -
consumed in the industrial sector are pulping liquor, a byproduct of the chemical pulp process in the paper
industry, and wood. - . ' . : ‘

Recycling

With projected higher landfill costs, regulatory emphasis on recycling, and potential cost savings, recycling
of post-consumer scrap is likely to grow. Projecting such growth, however, is highly dependent on
assessing how regulations will be developed, the growth of the economy, and quality related issues dealing
with recycled materials. Assumptions for recycling in the Paper and Allied Products and Blast Furnace
and Basic Steel Products industries are shown in Table D19 in Appendix D. ‘

| Legislétive Implications

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

" several implications for the industrial model. These implications fall into three categories: coke oven
standards; efficiency, standards for boilers, furnaces, and electric motors; and industrial process )
technologies. The industrial model assumes the leakage standards for coke oven doors do not reduce the -
efficiency of producing coke, or increase unit energy consumption. The industrial model uses heat rates of
1.25 (80 percent efficiency) and 1.22 (82 percent efficiency) for gas and oil burners respectively. These
efficiencies meet the EPACT standards. The standards for electric motors call for an increase of 10 .
percent efficiency. The industrial model incorporates a 10 percent savings for SOA miotors increasing to
20 percent savings in 2015. Given the time lag in the legislation and the expected lifetime of electric
motors, no further adjustments are necessary to meet the EPACT standards for electric motors. The

* industrial model incorporates the necessary reductions in unit energy consumption for the energy-intensive

industries. ‘ ‘ ‘

Several programs included in the Climate Change Action Plan (CCAP) target the industrial sector. Note
that the potential impacts of the Climate Wise Program are also included in the CCAP impacts. The intent
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.of these programs is to reduce gmenhouse gas emissions by lowermg industrial energy consumpuon The
Department of Energy (DOE) program offices estimated that implementation of these programs would .
reduce industrial electricity consumption by 79 billion kilowatthours and fossil energy consumptmn by 359
_ trillion Btu by 2010. However, since the energy savings associated with the voluntary programs in the
CCAP largely duplicate savings that would have occurred in their absence and since some of these
programs were not fully funded, estimated CCAP energy savings were reduced for industrial modeling
purposes. The Annual Energy.Outlook 1998 (AEO98) assumes that CCAP reduces electricity -
consumptlon by 41 billion kilowatt-hours and fossil energy consumption by 90 trillion Btu The foss11
energy is.assumed to be 85 percent natural gas and-15 percent steam coal. -

. For 2010 ‘the DOE program offices estimated electricity savings of 81 billion kllowatt-hoixrs 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 s1tuatron, carbon emissions would
be reduced by about 10 million metric tons (2 percent) in 2010

Fuel Sw:tchmg

Because the Industrial Model produces annual prOJectlons, seasonal fuel sw1tch1ng 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 consumptlon is interruptible, i.e., switchable. Presumably, most of the
switching that occurs here is seasonal and unobservable with annual data and prices. Fuel switching is
implemented in the model by allowing the share of fuels in existing boilers to shift based on the logit
formulatlon discussed above. ,

Benchmarking

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 consumption calculated by the model at the census division level. Additional calibration
for the years 1995- 1997 are-performed to conform with the Short-Term Integrated Forecastzng System.

AS
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4. Model Sensitivities
- Solution Methodology

Tﬁe solution methodology of the NEMS Industrial Module is a direct, one-pass, ,comphtation 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 algorithm within the industrial module is not iterative. S

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 sensitivity analyses for the purpose of illustrating the behavior of the industrial module. These
sensitivities illustrate how the module responds to changes in key module inputs on a one-at-a-time basis.

Although rigorous tests have not been performed to determine the maximal ranges and input o
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 proven to be 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. It is important to note that care must be

-exercised in selecting the proper range, especially with inputs which are correlated so that the module
produces plausible results. )

Theoretical Considerations

Because of the direct (rather than iterative) solution algorithm and because all of the functions -
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" are provided to the model), the
module always produces a uhique 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 consistent and credible. ’ '

Examples of assumptionis that will cause the module to produce uninterpretable results include:

° severely altering base year data, e.g., doubling the 1991 energy
consumption for some or all industriés, . :

®  assuming unrealistic efficiency gains through penetraﬁém of presently
' unknown technologies, and - o
o modifying prices considerably in excess of variations historically experienced, such as

quadrupling prices in one year.
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Sensitivity Arialysis '

To examme the NEMS Industrial Module's behavior under a vanety of s1tuauons, several module runs
- ‘were made to test 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 ot differ s1gmﬁcant1y The sections
below describe the six major mputs and five outputs chosen for this exercise.

Input Variables -

" The seven mput variables chosen for the sensrtwrty analyses were selected based upon their perceived

< importance in producmg the Annual Energy Outlook forecasts The seven variables and the magmtude of
variation are given below .

- Electricity, natural gas, steam coal residual ﬁtel oil, and distillate pnces Five pnces for the major
industrial fuels were each mcreased one at a time, by 25-percent over their values in the stand-alone

. refefence case in every year of the forecast (1997 through 2015).° Fuel prices affect the projected
consumption 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 non-intensive industries, and in the boiler,
steam, cogeneration (BSC) component of the industrial module v |

‘ Technology Posszbtlzty Curve. The efﬁcrency of new equlpment plays an obvious and important role in
determining the level of energy mtensrty 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 25
percent relative to the stand-alone reéference case beginning in 1997. It is expected that higher equipment
efficiencies will cause both energy consumption and energy intensity to decline. This is 111ustrated by
graphing the effect on total energy consumptlon over tlme .

Output Variables
“The'sensitivities of five outputs were examined with respect to one-at-a-time variation of the above seven
inputs. The five outputs chosen for examination were: . Lo
. .the quantity demanded of electricity, ‘
o » the quantity demanded of natural gas,
® the quantity demanded of steam coal,
® . the quantity demanded of residual fuel oil, and
o the quantlty demanded of distillate oil. -

Table 3 provides the fuel price elast1c1t1es (the percent change of the output divided by the percent change
of the mput) of the selected output vanables with Tespect to the selected mput vanables Frgure 8 dlsplays

8Since energy demand for the refining mdusn'y and for lease and plant natural gas consumptron in the
oil and gas mdustry are modeled elsewhere in NEMS, the calculations exclude these demands.

9Note that for natural gas, both the firm and the mterruptlble pnces were mcreased by 25 percent.

i . Energy lnformatlon Administration’
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the own price elasticity for the five fuel price variations. Table 4 provides the elasticities of total energy
consumption with respect to technology and retiremént 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. ) : .

-1

Table 3. Fuel Price Elasticities

Own and Cross Elasticities in 2015

. Electricity | Natural Gas.| Coal | Residual | Distillate | |
Inputs i S : : ;
" Electricity | . -0.074 0092 | . 0605 | = 0.080 0.017
" Natural Gas 0496 | 02007 1087 | 0346 0.014
| steam coar’ 0.021 0061 | -0499 | o0.151 0023 |
: " Residual 0.236 0.036 | - 0.650 | * -0.587 0.012 " :
' " Distillate ' | 0247] © 0002 | 0578 0044 -0.055 ”

Table 4. Other Elasticities .
' Total Delivered Energy '
2000 2005 2010 2015
Inputs ’
Technology -0.02 0.04 0,07 2009
Refirement -0.016 - -0.036 -0.05 -0.05

‘ Energy Information Administration .
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Figure 8. Own Price Elasticities -

Price Respons:veness

As shown on Table 3, the NEMS Industrial Module exhibits fuel own-pnce elasticities for 2015 rangmg ‘
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 i mcorporates no dynamxc methodology for estimation
based upon past pnces or expectations about future prices. -

Generally, the cross price elast1c1t1es 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 aggregatlon 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 eqmpmenf

R ) Ener@lnfcmation Administration o
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Responsiveness to Technology Penetration and Retirement Rate Changes .

. The results of this technology penetration and retirement rate sensitivity scenario is independent

of any price effects on technological change over time in the industrial model. As shown in 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 intensity respectively, relative to the stand-alone reference case. -

.o /
. -

Figuré 9, Total Delivéred Energy
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5. ‘Model Structure
‘Outline of Model | |

Table 5 presents the solution outline forthe NEMS Industrial Demand Model. The following section.
-provides an overview of the solution outline for the fodel. ‘ ~

" Subroutines and Equations

This section provides.the solution algorithms for the Industrial Model. The order in which the equations
are, presented follows the logic of the FORTRAN source code very closely to facilitate an understanding of
the code and its structure. In several instances, a variable name will appear on both sides of an equation.
This is a FORTRAN programming device that allows a previous calculation to be updated (for example,

- multiplied by a factor) and re-stored under the same variable name.

/

IND S

IND is the main industrial subroutine called by NEMS. This subroutine retrieves data for gross output for
both the manufacturing and non-manufacturing industries from the NEMS Macroeconomic (MACRO)

. model. Employment is also obtained from the MACRO model for each non-agricultural industry. Prices
for the various fuels as well as the previous year's consumption are obtained from NEMS COMMON
blocks. For the first model year, consumption is obtained from the State Energy Data System 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 othér fuels and model years. However, the previous year's consumption is
used rather than SEDS consumption. .

' . ‘ Energy Information Admlnistratlon
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Industry Processing: /.

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. CALCSCI: Holds UECs constant for non-manufacturing ’
2, CALCSC3: Apply ADL TPC Approach.
D. CALPRC: Evaluate price-induced changes in UECs based on energy prices, elasticities. «
T A CALPRCI: Holds UECs constant o ‘ ’
2. CALPRC2: CALTLOG: Revises UECs based on translog function relating factor cost *
-, ) ‘shares to relative energy prices . ) :
E. CALBYPROD: Calculate consumption of byproduct fuels ’ ,
F. CALPATOT: Compute consumption of energy in the process assembly component
1, INDPALOG: Optionally, adjust fuel shares for process-assembly industries using a 2-stage logit
. equation. First year, read spreadsheet file (INDPALOG.WK1) with logit coefficients
a. CALPALOG: evaluate logit shares for a given iridustry and a given set of fuels, given
. ) changes in energy 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 prime mover and fuel.
L CALSTOT: Compute Energy consumption in the Boiler-Steam-Cogeneration (BSC) component -
J. WRBIN: ’ Write memory management file with data on this industry, region ‘
K. INDTOTAL: Accumulate total energy consumption for the industry
National Sums: .
A NATTOTAL: Accumulate total energy consumption over all industries
B. CONTAB: Accumulate aggregates for non-manufacturing heat and power

. Table 5. Outline of NEMS Industrial Module - : _

Industrial Module SolutionOutline

.

First Year: Initialize Data - .
A. RCNTL: Read Control Options
B. REXOG: Assign exogenous macroeconomic and energy price variables that come from NEMS.
C. IEDATA: Read ENPROD file with industry production parameters, base year industrial output, UECs, elasticities and
< other coefficients; : - - . .
D, RSTEO: Read Short Term Energy Outlook File with last available history data and 'national projections for the next
. two years, © - .

Loop through each of 15 industry groups, includ::.ng 6 non-manufacturing, 7 energy intepsive and 2 energy non-intensive -
manufacturing industries, For each industry, loop through each of 4 census regions -

A "~ RDBIN: . . Read memory thanagement file with previous year's data for this industry, region

WEXOG: Apply exogenous adjustments and assign values to global variables

A, SEDS Benchmarking: ’ - '
1. SEDS years (through 1994): calculate regional benchmark factors as the ratio of actual consumption to model
consimption for each fuel in four Census regions. .
2, Post SEDS Years (1995-on): Optionally, multiply model consumption by the SEDS benchmark factors.
B. Disaggregate energy consumption from 4 Census regions to 9 Census Divisions using shares from SEDS
C. Calibrate regional energy consumption to match the latest year of national-level history data (from the STEO file).
D. STEO Benchmarking: ,
1. STEO years: calculate national benchmark factors as the ratio of model consumption for each fuel to the -
STEO forecast for each fuel. ‘
2. Post-STEO years: Optionally, over the period 1998 to 2000, multiply model consumption by the STEQ
benchmark factors, . ' )
E. Assign final results to NEMS variables
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NEMS Industrial Demand Mpdel Documentation Report 1998 ) 37



,NUM, ‘
Y pPrRCX, o X QSE 11590

PRCX,,w = 22 o o o o . - L ‘(6)
§ QSELINdIm ‘
"where:. .
) ‘. P,RCX,,,;, = Price for electnclty in Census reglon r, i
NUM, = Number of Census d1v1s10ns in Census region 7,
_ DPRCX,,,G,; N ‘ = Pnce of electricity i Census division d, and
QSELIN,; ,99; - = SEDS consumptlon of electricity in Census

division d in 1990.

( IND calls two subroutmes ISEAM, the subroutine that guides the industrial model calculatlons, and
WEXOG, the subrontine that reports the results back to NEMS.. - .

-~ ~

IS.EAM

ISEAM controls all of the industrial model calculations. It opens extemal files for debuggmg, bmary 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
followmg subroutines for each Census region within each industry: IEDATA, CALBYPROD,
CALPATOT, CALBTOT, CALGEN, CALSTOT, and INDTOTAL. After the forecast for the Iast Census
region for a particular industry has been calculated, the following two subroutines are called to computé
totals: NATTOTAL and CONTAB. After the first model year, ISEAM calls two subroutines, RDBIN to
réad 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 subroutme
INDCGN to report industrial cogenerauon estimates to NEMS. .

’ Subroutine RCNTBL -

" RCNTRL reads data from the input file INDRUN. This file contains internal control varidbles for the
industrial model. Data in this file are based on user defined parameters consisting of indicator variables for -
subroutine tracing, debugging, writing summary tables, options to calculate model sensitivities, and

. benchmarking options. This file also contains the number of industries t6 be modeled and the industrial
.input file name.

. : ) Eneréy Information Administration ‘
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Subroutine REXOG

REXOG prepares exogenous data obtainea from the NEMS MACRO model for use in the industrial
"model. Dollar value of output and employment are aggregated over the appropriate Census divisions to
obtain data at the Census region level. Employment data is obtained from NEMS at the two-digit SIC
level. Therefore, for some industries, employment data must be shared out between industries at the same
two digit SIC level. In particular, the chemical indusu'y_ (SIC 28) is grouped into-bulk chemicals (SICs
281,.282, 286, and 287) and other chemical.’ Employment for the petroleum industry must be shared out
* between refining and all other petroleum. The stone, clay, and glass industry and the primary metals
industry also require sharing out of employment _ .

Subroutine IEDATA

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

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 follows:
IRHEADER

Get industry and region identifier numbers, base year value of output, physical to dollar output
conversion factor, and base year steam demand. oo :

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

where: . PHYSICAL,
PHDRAT, = — ot E .o S . @)
- PHﬁﬂ% br = Ratio of physical units to value of output for industry i,
PHYSICAL, = Physical units of output for industry i, and
PRODVX,, = Valueof éutput for industry i in Census region r. ’
If the Unit Energy Consumption (UEC) is in physical units, then the following equation is used.
PRODX,, = PHDRAT, x PRODVX,, o ) ‘ @)

] Energy Information Agiministratioh . .
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where: ) - i

\

. PRODX,_, - = -Output in physical units for industr} i in Census region r,
7 ‘PHDRAT, L = ) -Ratio of ph);sical units to value of output in industry 7,
-PRODVXL, = . Value of output for industry i in Census regionr. .

A

If the UEC is in. dollar units, theq ﬂ1e following gquationfis used, .

PRODX,, = PRODVX,; - - = - : e : Y
where: - ) ' - S B _ ’ '
o ?RODXL, = . Value of output for industry i in Census region r, and
PRODVX,, \ = Value of output for industry i in Census region r.
] B N . }

Get production throughput coefficients, process step Tetirement rates, and Qiher process step flow
information. -The latter includes process step number, number of links, the process steps linked to the
current step, physical throughput to each process step, the retirement rate, and process.step name.

Note that only the energy-intensive industries have steps. However, two industries, food and kindred
products and bulk chemicals, do not have linkages among steps because the steps represent end-uses (e.g.,
refrigeration and freezing in the food and kindred products industry). As a result, the downstep throughput
for food and kindred products and bulk chemicals is equal to 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 throiighput for an industry at a process step if it is linked to the final consumption. If the process step
is linked to another process step, then the down-step throughput is the fraction of the linked process step
plus the fraction of final consumption. The following example illustrates this procedure. '

Figure 3 above shows the process flow for the paper and allied products industry. The algebraic
- representation is as follows:

' Let:

Y, = Number.of tons-of péper to be produced. ,
Y,=  Number of tons of material to go through the bleaching process.
Y;= .

.Number of tons of material to go through the waste fiber pulping process.

. Energy Information Administration o
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Number of tons of material to go through the mechanical puiping proceés.
- Number of tons of material to go through the semi-mechanical pulping process.
Number-of tons of material to go through the Kraft pulping process. . )

. Number of tons of material to go through the wood preparation process. .

K

mom aow

Thén, we have t'ﬁe following:

Y, = - Some value of output, in tons (from the MACRO Module).
Y,= 0443Y, . . ‘
Y;= 0.164Y,+0.164Y,
- Yy=  0.068Y, +0.068 Y, ' 4 S
Y= 0.037Y,+0037Y, ‘ ' . .
Y= 0424Y,+0424Y, :
Y;= 0.998Y,+0.998 Y, +0.998 Y,

If according to the Pulp and Paper Association that Y, = 81 million tons of pziper was produced in 1991, -
“then Y, =36, Y;=19.2, Y,=79.5, Ys=43.25, Y,=49.6, and Y,=1724. - -

The papermaking process is as follows. We need 172 million 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
papermaking. . : .

Physical throughput is obtained for two vintages, old and new. OId vintage is considered to be any capital
installed in 1990 or earlier. Middle vintage includes installations from 1991 to the lag of the current ’
forecast year. New vintage includes any capital installed in the current forecast year. ’

The following subroutines collect data from the input files:

- IRBEU . o - -
Get building energy use data including lighting, heating, ventilation, and air conditioning.

IRBSCBYP - ;
Get byproduct fuel information for the boiler/steam/cogeneration component. These data

consist of fuel identifier numbers of steam intensity values.

IRBSFUEL
Get boiler fuel share values for coal, oil, and natural gas. Biomass data is retrieved in the
IRBSCBYP routine and is assumed to have a constant share of boiler fuel throughout the
forecast. © . .

;

IRCOGEN
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Get cogenerauon information which mcludes pnme mover heat rates, total generatlon and
capacrty from 1990 through the current survey year and planned capac1ty

IRSTEPBYP

Get byproduct data for process and assembly component. These data consist of fuel
ldenufier numbers and heat intensity values. :

: IRSTEPDAT o s
, Get process step data for the energy mtenswe mdusmes These data consist of fuel -
- identifier numbers, base year unit energy consumption values, and technology penetratlon
coeffic1ents :

IFINLCALC
Calculate 1mnal year Values for process step productlon throughput for the energy intensive mdustnes

If the current process step is linked to final consumption (i.e., if thére are no mtermedlate steps between the
current step and final output) then the following equatlon is used: '

(

PRODSUM = PRODFLOW otdst X PRODX
where: . ‘ .
g : PRODSUM,, .+~ = Amountof throughput used at process step s
' through link /, | 1
PRODFLOW,,, o=l Down-step throughput to process step s linked by
. hnk 1 for old vintage, and
' PRODX,, - - = Output for industry i in Census region r.

’

Note that PRODFLOW is a parameter that represents the relatlve productlon throughput to a subsequent
productlon step in the energy—mtenswe mdustnes The linkage parameter 1nd1cates which productlon step -

" isinvolved.:

/

If the current process step is linked to ‘one or more 1ntermed1ate - process steps, then the followmg equation |
is used :

PRODSUM,, = PRODFLOWo,d; ix PRODCURW, -
where: _ ' 4
’ PRODSUM,, T = Amount of throughput used at process step s
. . : through link [,
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PRODFLOW,,,.,

I

Dowﬁ-step throug};put to process step s linked by '
link [ for old vintage, and “

PRODCUR .., = - = - Curmrent production at process step IP linked to
. ) process step s through link /.for all vintages. v

In either case, the total production at each process steb is detf_:rm‘ined through the following equation:

. aux, - -
. * PRODCUR,,,,, = Y, PRODSUM,, R 12)
. I=1 .

where: o . -

PRODCUR,,, = " Cutrent production at process step s for all

vintages, ' '
NTMAX, . = Number of links at process step s, and
PRODSUM,; " - = Amount of throughput used at process step s
_ through link .
Subroutine CALBYPROD
The industrial model consumes all byproduct fuels prior to purchasing any fuels. This subroutine _
calculates the energy savings or the current location on the technology possibility curve (TPC) based on the
current year's industry production and the 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
industry has a TPC for byproducts. For all other industries the UEC remains unchanged.
YPCSC,y, :
BYPCSCCUR,,, = %r - (13) -
PRODLAG,,, |
where: : . ; o
. BYPCSCCUR,,, = Current energy savings for byproduct fuel Jfat process
step s for vintage v, . '
" PRODCUR,,,;; . = - Current production at process step s for all vintages,
PRODLAG,,,,, = Lagged production at process step s for all vintages, and
BYPCSC, .ﬁ:‘ N Byproduct‘technol_ogy possibility curve coefficient for

byproduct fuel f at process step s for vintage v.
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The energy savings for mrddle vmtage isa welghted average (by producuon) of the current year's energy
savmgs for new vintage and the prevxous year's energy savings for middle vintage.

+

(PRODCUR s X BYPCSCCUR g * (PRODCUR x BY]’CSCLAGM )

- BYPCSCCUR
" - PRODCUR,,, + PRODCUR,,,,
where: R - o S , g ,
BYPCSCCUR,, ;.. =~ Current energy savings for byproduct fuel f at process
: step s for mid vintage,
PRQDCUR,,M = New production at process step s,
BYPCSCCUR £is = - Current energy savings for byproduct fuel f at process i
step s for new vintage, ‘
‘ . PRODCUR;,,,d, = . Existing production at process step s for mid vintage,
e : and, -
' BYPCSCLAG;@', = Lagged location on the byproduct technology possibility
‘ : ' curve for byproduct fuel f at process step s for middle
. , vintage. )

: CALBYPROD calculates the rate of byproduct energy produced for each process step, fuel, and vintage
shown in the following equatlon This value is based on the previous years rate of productlon and the o
current energy savings for each vmtage

BYPINTVJ._' = BYPINTLAG s X BYPCSCCUR
where:
’ BYPINT,;, =~ . = . Rate of byproduct energy productlon for byproduct fuel f
o at process step s for vintage v,
" BYPINTLAG, ,, .= Lagged rate of byproduct energy production for
’ byproduct fuel f at process step s for vintage v, and
BYPCSCCURv £ = " Current energy savings for byproduct fuel fat process

step s for vmtage V.

The byproduct rate of productlon is used to calculate the quantity of byproduct energy produced by
multiplying total production at the process step by the productron rate.

' " Energy lnformation Administration
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BYPQTY,,, = PRODCUR,, x BYPINT,,, ~ e a6

where:

- BYPQTY,,, ’ = 'Byp‘roduct energy produétion for byproduct fuel f at
- process step s for vintage v, '

PRODCUR, , -

Production at procéss étep s for vintage v, and

BYPINT, ,, o= “Rate of byproduct energy production for byproduct fuel f
T at process step s for vintage v. o

The byproduct rate of prodﬁction is then converted from millions of Btu to trillions of Btu. Byproduct
. production is subdivided into three categories: main fuels, intermediate fuels, and renewable fuels.

ijgdduct production for each group of fuels is determined by summiné byproduct production over the .
individual process steps for each fuel and vintage as shown below for main byproduct fuels. The equations
for intermediate arid renewable fuels are similar, : . . :

MPASTP

ENBYPM,, = Y. BYPQTY, B - B )]
3=1 . . - - . 4 .
where: o P : o
‘ - ENBYPM,, o= Byproduct energy production for main byproduct fuel f
" - for vintage v, ' \
MPASTP , = Number of process steps, and
BYPQTY, L5 = . Byproduct enérgy production for byproduct fuel f at
. a process step s for vintage v.
Subroutine CALPATOT

" CALPATOT calculates the total energy consumption from the process and assembly component. Energy.
* consumption at each process step is determined by multiplying the current production at that particular

~ process step by the unit energy consumption (UEC) for that process step. Energy consumption is

- calculated for each fuel and vintage using the following equation. o ’

ENPQTY,;, = PRODCUR,, x ENPINT,,, o i o @8)

where:
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N -

EI;I'PQTYV £is S Consumption of fuel f at process step s for vintage v,

il

. PRODCUR,, Production at process step s for vintage v, and

.. ENPINT,,, - = Unit energy. consumptron of fuel fat: process step s for
" ~ vintage v. .

Four energy products that are used for non-fuel purposes are modeled dlfferem:ly 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 2000 is

- “determined through the followmg equation.

ENPQTYVM; = ENPINTv aops ¥ PRODZERO + ADJ,,,, x [PRODCUR,, - 'fRObZEROVJ \ 19 -
. where: .. \ . -
- ENPQTY, ., = ' Consumptlon of asphalt and road 011 at process step s for
e : . vmtage v,
,ENPINTV asp,s o= Unit energy consumption of asphalt and road oil at
process step s-for vintage'v, .

PRODZERO,, = = 1990 production at process step s for vmtage v for the

o construction industry, ‘
L '~ PRODCUR,, =" Production at process step s for vintage v, and

ADJ, o= Asphalt adjustment factor (0.80).

. For all years after 2000, feedstock consumptron in the bulk chemical industry is computed as shown below
for natural gas, liquid petroleum gas, and petrochemical feedstocks The ADJM value is 0.75 for natural
gas feedstocks and 0.95 for the other feedstocks.

ENPQTY,, .. = ENPINT s PRODZERO, , + ADJ,,, x (PRODCUR, - PRODZERO, ) ‘ ‘ (20)
where: e . '
ENPQTY, = Consumptlon of natural gas feedstock at process step s .
N . for vmtage v,
ENPINT, ;. i = - Unit energy cons‘ﬁmption of natural gas feedstock at”
i process step s for vintage v, :

, Energy Information Administration
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PRODZERO,,

1990 productlon at process step s for vmtage v for the

constructlon mdustry,
PRODCUR,, = Production at proeess step s for vintage v, aﬁd' L
ADI,, = " Feedstock adjustment factor.

Consumption of each fuel is converted to tnlhons of Btu. Energy consumption is subd1v1ded into main
“fuels, intermediate fuels, and renewable fuels. Main fuels mclude the followmg 10

electricity,

core and non-core natural gas, -

natural gas feedstocks

steam coal,

coking coal (mcludmg net coke lmports),
residual oil, -

distillate oil,

liquid petroleum gas for heat and power,
liquid petroleum gas for feedstocks,
motor gasoline,

still gas,

petroleum coke,

asphalt and road oil, .

petrochemical feedstocks,

other petrolenm feedstocks and

other petroleum. -

Intermedlate fuels include the followmg

steam,

coke oven gas,
blast furnace gas,
other byproduct gas,
waste heat, and
coke

Renewable fuels include the followmg although only the first three are represented in the model:

hydropower,
biomass--wood,

‘biomass--pulping liquor, ) .

geothermal, o ’

H

. solar,

photovoltaic,

10Stlll gas and petroleum coke are consumed primarily in the refimng mduslry, which is modeled in the
Petroleum Market Module of NEMS
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. ®  wind,and

° municipal solid waste.
Energy consumptlon for the three fuel groups is determined for each fuel by summing over the process
steps as shown below for main fuels The equanons for mtermedlatc and renewable fuels are snmlar

MPASTP
ENPMQTY 2 ENPQTY, ...

-

where: .
ENPMQTY, | . = Consumpuon of main fuel finthe process/assembly
component, '
MPASTR o _ =- , Number of process steps, and - . . S ¢
ENPQTY;,,\ s \ : | = ‘ Consumption of fuel f ‘at.process sten,s for all vi_ntages. '

)

‘ Energy consumptlon for coke imports is calculated as the dlfference between coke consumptlon and coke |

production. In the current industrial model, coke is consumed only in the blast fiirnace/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 fumace and basic steel products mdustry The equation for net coke
imports is shown below. ‘

’

- ‘ENPMQTY,,, = ENPIQTY,,, - | PRODCUR,,,, » 28

106 .

where: ‘ . ‘
ENPMOTY . = Consumption of coke 1mports in the process/assembly
component; '
- ENPIQ_IY;‘,,“ = Consumption of coke in the process/assenlbly ,
. ' component, ,
PRODCUR,,;,, = ‘ ' Current production at the coke oven process step for all
: ' 'vmtages and '
24.8/1 0° , T = AV Conversron factor, where there are 24.8 nulhon Btu per \}
T ‘short ton of coke converted to tnlhon Btu.
: Subroutine CALBTOT o

CALBTOT calculates the total energy consumption for bmldmgs The energy consumptlon for buildings
is caIculated for two building uses, hghtmg and HV AC. Total energy consumpuon is detemuned for

fl
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electricity, natural gas, and steam by multiplying industry employment by ﬁle building unit energy
consumption as shown in the following equation. ¢

A

ENBQTY,, = EMPLX,, x ENBINT,, = - N 23)
¥
where: , , _
ENBQTY,, = Consumption of fuel.f for building end use e,
EMPLX,, = = Employment for iﬁdus&y i in Census region 7, and
ENBINT,, = Unit energy cbnsumption of fuel f for building end use e.
Subroutine CALGEN

Calculates total steam used to cogenerate 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, cogenerated electricity for each prime mover is
determined from the total steam demand and is calibrated to the current year EIA-867 estimate. The prime
movers are steam turbines, combustion turbines, and internal combustion. (A fourth prime mover,
hydroelectric is unrelated to steam.) After generation is calculated, cogeneration capacity is determined
using the average utilization rates for the last data year from the EIA-867. Generation forownuse
generation and sales to the grid are calculated from the share of sales to the grid from EIA-867 data.!!

The following equation caiculatqs the total den;and for steam.

‘steam | = ‘ : (24)

STEMCUR = ENBQTY, . seam + ENPIQ
" where: :
STEMCUR = Total steam demand, '
- ENBQTY, 1 c1eam = Consumption of steam for HVAC, and
ENPIOTY.,,.. = . = .. Consumption of steam in the process/assembly
- : component.

t

""Two subroutines not show here perform the calculations required to move between the division-level
data based on the EIA-867 and the region-level data that-are required for model computation. These
subroutines are CAL_EI867 and CALCGSH. . :
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Total eleclnc1ty generation is based on ‘an econometric equationthat relates electnmty generation to steam
demand (the regression parameters are in Appendix D). To use the regression parameters, an mtercept

term is calculated for those years having EIA-867 data. The intercept for the final year.of EIA-867 data is
retained for use in all future years The intercept is the natural log of the ratio of current year EIA-867

generation for each prime mover to the predlcted value for the current year based on-the regression

'parameters . o . ,

~ " CINTER [ GNTOTAL,; |

(lnddirindnxm) 1 STEMCUR ij - (25)
where: ' . 2 : : '
) CINTER 1415 inireg pm) = . Intercept term for generatlon by prime mover, pm, ina
' o © region, mdreg, by an industry, inddir,
GNITOTAL,, = ‘ Current year uncahbrated generation by pnme mover,
STEMC’UR N ,Total steam demand for the current year, and
A i
- GSTEAM - = Steam demand coefficient.
" Electricity generation is then determined through the equatlon shown below based on the intercept term
and an estlmated parameter for steam demand. .
/
ELGEN,, = ¢ N wissnimsem) 5 STEMCURCSTEMM - . S . : (26)
where: . : L : )
: ELGEN,,, » = Electricity generation by prime mover, pm,
CINTER o giiinregpmy. = Intercept term for generation by prime mover, pm, in a

region, indreg, by an industry, inddir,
STEMCUR = Total steam demand, and

GSTEAM - k"= | Steam demand coefﬁclent

Generation of electricity is converted from Btu to megawatt hours Capacity for electric generation is

.- determined from total generation of electricity and a capacity utilization rate based on EIA-867 survey
data. The followmg equation calculates generation capacity by prime mover. (Note that this equation .
operates at the division level rather than the region level. The capacity values are used only for reporting
purposes and not used w1thm the mdustnal module ) :

. - . ~
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4 ELGEN_ x 10°
ELCAP_ .= ‘ b
m SICUTILMMwm,m) x 3412.0 x 365.25 x 24.0

-

_ where: . - . ' :
ELC{iPm . = Ca_}?acity for elgcuicity‘genemtion, §
ELGEN‘,,,,l . = Electncxty generation from all prime mbve;s,
SICUHL(WI,,““ madirpmy = ~ Utilization rate,fof‘pn'me mover, pm, by division, cdiv,
- , . year, for each industry, inddir, )
34120 © = Cogve;sioﬁ factor, 3412.0 Bu per kilowatt-hour, |
365.25'; , = Number.of days per year, | |
24.0 = Number of hours per day, and -
C 100 = Conver/sion factor to con§ér‘t to megawatts.

t

Capacity by primé mover is calculated using shares computed, baéed on EIA-867 survey data. ‘ \
. Electricity genemﬁon for own use is calculated by using the own use share of electricity generation from
the EIA-867 survey data. o ‘ :

Electricity generation for own use is then calculated from the following equation.
ELOWN,, ~ELGEN,, x (1 ~GRDSHRG g1 1)

~

1

where: = ' B , ,
Lo ELOWN,, ' o= Electricity-generation by prime mover, pm, for own use,
ELGEN,,, = Electricity generation from all prime movers, and
GRDSHRG ijsriaree = = Industry grid share value.

Electricity generation for sales to the grid is calculated similarly.
Total industrial cogeneration saleé to the grid, own use, and total capacity are incremented as the
processing of each industry is completed. ' ‘ :

Subroutine CALSTOT

CALSTOT calculates total fuel consumption in the BSC component. Fuel consumption for non-steam
turbines is calculated by multiplying electricity generation by internal combustion engines and combustion
turbines by the appropriate heat rates. These estimates are then augmented by adding an incremental
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amount of fuel consumption based_on assumed incremental heat rates. The equation for internal
combustion engines is presented below and a similar equation is used for combustion turbines. (Note that

"~ ELGEN is calculated in CALGEN where if is one of the prime movers.) CALSTOT also calls the

subrouune FUELBOIL FUELBOIL calculates total fuel consumphon in boﬂers and steam turbmes

1

]

}CEFUEL = ELGEN] __GENE QPHIRT, ' - - '. (29
- e * 3120 L - @
where: .
ICEFUEL = Fuel consumptlon for electnclty generauon from internal
§ combustlon engmes,
' ELGEN,C, o = Electnclty generation from internal combustion engines,
GENEQPHTRT,C, = Heat rate for internal combustion engines, and
34120. - = Conversion factor to convért from Kwh to Btu.

" Fuel consumption in steam turbmes 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 oil, and all combustion turbines use ’
]natural gas. The following equation is the computation of consumpuon of distillate oil for cogeneration.

The equations for the other fuels are similar.

CGFUEL, ..., = STFUELOM « ICEFUEL . .. . E )
where: o ' / IR '
CGFUEL 10101, = Consumpuon of dlstlllate oil for cogeneratlon of ’
oo : eleclncuy for all uses in Census region r,
STFUEL‘,,., = ’ Consumption of distillate oil in steam turbines, and
ICEFUEL o _= - Distillate consumpﬁon for electricity generation from
R \ mtemal combustlon engmes

The total fuel consumptlon 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 équation calculates fuel
consumption for own use generatiop., Fuel copsumption for sales to the grid is calculated similarly.

CGFUEL,,,,, = CGF UEL;,,.,

s GRDSHRG,,M,,,,M) S I (1)
_where:

i ’ Energy Information Admimstratlon
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- CGFUEL,,,,, = Consumption of fuel f for cogeneration of electricity for
g : ' . own use in Census region r, . '

CGF;UELﬁ,;,,a,,, .= . Cdnsiuhption of fuel JSfor cogeneration of electricity for
. N all uses in Census region r, o '
GRDSHR'G@ .mdrez = Calculated sales to the grid share value. .

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

Subroutine FUELBOIL S

FUELBOIL calculates total fuel consumption in boilers and'steéu_n turbines. An average intensity, shown
below, is determined from boiler fuel shares and the unit energy consumption to generate steam.

IFSMAX ) :

AVGINT = 3. BSSHR, x ENSINT, ‘ C - (32)
) . . : ]
where: o
AVGINT = Average intensity,
IFSMAX = Number of fuels consumed in the BSC component,
BSSHR, = Share of total fuel consumption in the BSC component -
: for fuel f, and ’
ENSIN[, ~ . = Tntensity of fuel fin the BSC component. 3

The quantity of steam generated by byprodu.ct fuels is determined by dividing fhe byproduct energy
produced by the unit energy consumption for each main, intermediate, and renewable fuél.
. IFsByPM BYPBSCIMI . IFSBYPI BYPBS

BYPSTM = ,E, TBYSINT, % BYSIA 5 _ L : 63
where: ' " I
BYPSTM = Amount of steam generated from all byproduct fuels,
. IFSBYPM = " Number of byproduct“main fuels, .
BYPBSCM, = Byproduct c;onsumpﬁon of main- fuel fin the BSC component,
BYSINT, . = Intensity for byproduct fuel f congurried in the BSC component,
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IFSBYPI ‘Number of byproduct intermediate fuels, - ,

. BYPBSCI, = Byproduct consumpnon of mtermedlate fuel f in the BSC
' component,
IFSBYPR = thber of.byproduct renewable fuels, and
. BYPBSCR; = Byproduct consumptlon of renewable fuel fin the BSC

- _ component.

’

The followmg equatlon calculates the quanuty 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 boﬂers and the amount of steam generated from all byproduct fuels. S
STEMCURF, = STEMCUR - BYR_S‘TM R _ . o o . | (G
where: ST . ] )
STEMCURF = . Amount of steam to be generated from purchased fuels, .

‘

' Total steam demand, and

STEMCUR

BYPSTM = Amount of steam generated from all byproduct fuels
The total quantity of fuel consumed to generate steam is calculated below from the total steam demand
from purchased fuels, the average intensity, and boiler fuel shares. = :

N 1

 ENSQTY, = STEMCURF AVGINT » BSSHR, o o | ‘ 35
where: ) ' .
- ENSQTY, = . Consumption of 'fuel Sfto generate steam,
| STE.;WCURF = Amoun’t of steam to be generated from purchased fuels,
AVGINT = Average intensity, and | | )
' BSSHR;, = " Share of total fuel consumption in the BSC component for fuelf.

The amount of fuel consuried 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 equatlon exists to
exclude natural gas consumed in combustlon turbines.

' ENSQTY, = ENSQTY, - ICEFUEL . . / : . (36)
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where: : .. )
ENSQOTY, o= Consumption of fuel fto generate steam, and

ICEFUEL

. Fuel consumption for electricity géneraﬁon from interrial
combustion engines. .

The amount of each fuel and byproduct consumed in steam turbines is determined by fuel shares, total
generation from steam turbines, and the heat rate for steam turbines. The following equation calculates the

- fuel consumption in steam turbines. A similar equation exists for byproduct fuel consumption in steam
turbines. . o ) ) . S

[ | ENSQTY, | - GENEQPHIRT, .
STFUEL, = x ELGEN, x — 90—« % .
7 |irsmax IFSBYP # 34120 37
| X ENsorY, + Y BYSQTY, :
=1 ) £l s ’
where: , R E :
STFUEL, B = Consumption of fuel fin steam turbines,
ENSQTY, 7 = Consumption of fuel fto generate steam,
IFSMAX =~ = Number of fuels consumed in the BSC component,
IFSBYP = Number of byproducts consumed in the BSC component,
BYSQTY, = Consufnptidn of Byproduct fuel fin the BSC component,
ELGEN, T = Electricity generation from steam turbines,
GENEQPHTRT, = - Heat rate for steam turbines, and
3412.0 = . Conversion factor to convert from kilowatt hours to Btu.
Subroutine INDTOTAL

The consumption estimates derived in the PA, BSC, and BLD components are combined in INDTOTAL
to produce an overall energy consumption figure, for each industry. The consumption.estimates include
byproduct consumption for each of the main, intermediate, and renewable fuels. Only electricity, natural
gas, and steam include consumption from buildings. For all fuels except electricity, the following equation
is used. '

QTYMAIN” = ENPMQTI} + ENBQTYme + ENSQTY, + BYPBSCMJ ] . \(38)
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where:

QTIMAII\[,, - = Consumption‘ of main fuel fin Census région r,
. ENPMQTY, = Consumptron of main fuel fin the PA component, '
: ENBQTYW o= 2 ) Consumptron of fuel f for all bulldmg end uses, -
V\ ENSQTY, - = Consumptlon of fuel f to\generate‘steam, and N
.:B'YPBSC:'Mf = 2 Byproduct consurnption of miain fuel fto generate

electrrcrty from the BSC component.

Consumptron of electncrty is deﬁned as purchased electncrty only, therefore, electricity generatlon for own
use is removed from the consumptron estrmate

OTYMAIN,,; = ENPMQTY,,, + ENBQTY eieie ~ ELOWN - (39)
}-where:. T ‘ L . i : )
OQTYMAIN,,., = Consumption of purchased electricity in Census region r,
’ ENPMQTY = Consumption of electricity in the PA componént,
ENBQ\IY,‘,,‘,,_,,,C‘ = Consumption of electricity for all building end uses, and _
. ELOWN "~ - = . Electricity generated for own use. -
Subroutme NA1TOTAL

After processing all four Census regions for'an mdustry, NATTOTAL computes a national industry
estimate of energy consumption. This subroutine also computes totals over all fuels for main, intermediate,
and renewable fuels. Total co’nsumptlon for the entire industrial sector for each main, intermediate, and
renewable fuel is deterrmned by aggregatmg as each industry is processed as shown in the following
equation.

1

INDMAX

1

TOMAIN,, = ) QTYMAIN,, _— - : o (40)
where: ) N o : .
TOMAIN,, = Total consumption for main fuel fin Cerisus region r,
. INDMAX ’ = Number of industries, and
OTYMAIN,, ' "= Consumption of main fuel fin Census region r.
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Subroutine CONTAB

CONTARB is responsible for reporting consumption values for the energy-intensive industries and energy
consumption for heat and power for non-energy-intensive industries. Energy consumption for
manufacturing heat and power is computed by summning total consumption of each fuel over all the
manufacturing industries. The consumption for heat and power will ificlude consumption from the energy-
intensive industries. The following fuels are considered for manufacturing heat and power: electricity,

- natural gas except for feedstock and lease and plant gas, steam coal, coking coal, net coke imports, residual
oil, distillate oil, liquid petroleum gas, still gas, petroleum coke, other petroleum and total renewables. The
. following equation calculates consumption of main fuels for manufacturing heat and power. A similar
equation exists for renewable fuels. - o

-

INDMAX NUM,,

" mnyp,:%‘%}grmmfw L ‘ ' . (41)
where: . : ‘ ) : . :
TMANHP, o= _ Total manufacturing consumption of fuel f for heat and ]
power, -
" INDMAX " = Number of industries,
NUM, = Number of fuels in fuel group fg, and
OTYMAIN,,,, = Consumption of main fuel fin all Cénsus regioné.

Energy consumption for non-manufacturing heat and power is considered separately from the - .
manufacturing industries. Fuels considered for non-manufacturing heat and power include: electricity, .
natural gas, steam coal, residual oil, distillate oil, liquid petroleum gas, motor gasoline, renewables and

- other petroleum. A consumption table is also produced for miscellaneous feedstocks. ‘All industries are
included here and the following fuels are considered: natural gas feedstocks, liquid petroleum gas
feedstocks, asphalt and road oils, petrochemical feedstocks, lubes and waxes, and other petroleum
feedstocks. . - '

A consumption table for each of the energy-intensive industries is produced in CONTAB. Consumption
figures are reported for each of the fuels used in each particular industry. There is a total renewables fuel
group for.each energy-intensive industry. The equation below calculates consumption of main fuels in the
food and kindred products industry. All other energy-intensive industries have similar equations.

NUM,

TFOODCON, = Y. QTYMAIN,,, - . (42)
f=1 . . . .
where: : . . .
TFOODCON; = Total consumption of fuel fin the food and kindred
products industry, - ~
NUM,, .= Number of fuels in fuel group fg, and
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QTYAMIN,W = _ Consumption of main fuel S for all Census regions.

Subroutine WRBIN Qe
' WRBIN wntes data for each mdustry toa bmary file. Two different binary files are created.. The first
- contains variables and coefficients that do not change over years, but change overindustries. This binary

" file also contains data that do not change over years, but change over processes “The second binary file

contams data that change from year to year.

. Subroutine INDCGN =~ .
Calculates aggregate mdustnal total cogenerauon and cogeneratlon capacity, for own use and

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

own use. and sales to the grid by census division is also calculated. These .
quantmes are reported to NEMS cogeneration vanables

The equatlon below calculates aggregate cogeneration capacrty for sales to the grid by division and fuel
based on EIA-867 survey data.

»

’ CAPGWcmml  sales —CAP867cdwmm, x SHAREPWM”MM, x IGRIDSHRWM”M - ' _4 43)
. «. ‘
where: _ : o
‘ CAPGW i, 611 sates = .. Existing or planned capacity for cogeneration of electricity. for
o " sales to the grid for census division and fuel,
CAP867 4150, W, = \EIA-867 capacity by census diﬁsion year industry, and fuel,
SHAREmc;,-,,,,, miet = - - EIA-867 share of fuel by prime mover PM census d1v1s1on year,
. . and industry,
IGRIDSHR 44, ;.1na = EIA-867 sales-to-the-grid share of capacrty in census d1v1s1on

year, and mdustry

The capac1ty for own use is calculated srmllarly

Calculate EIA-867 total industrial generatron by.division and fuel for sales to the gnd

GEN GWHd:v.ﬂulmlu = Ec}z;vaw zﬁal=l.6 ipm=1,3 zinfkl 15 SICGENMMMW o . (44)
" where: : : - . ' ) ,
GENGWH 4 st sates =" . Total generation by census division, fuel, and
o ' own uselsales fo the gnd . :

’
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e

SICGENW,',,"WLP,,,.@, _ = - EIA-867 based generation by census division,
' oo year, fuel, prime mover, and own use sales to the
. gl'id- ! R - . . . N
Generation for sales to the grid is calculated similarly, _ ' I
Total industrial cbnsumption by division and fuel is calculated from the EIA-867 survey data.

DIVFUEL 4, 1y sses = OTHFUEL g . .

where: . ' R ) .
DIVFUEL ., 5,01 sa10s = Industrial variable holdfng,aggregate total industrial |
cogeneration fuel consumption by division, fuel,
and sales to the grid andownuse '
OTHFUEL yyg0ses = = Variable holding the cogeneration fuel consumption

calculated based on EIA-867 aggregate total generation
. by fuel, prime mover, and census division, multiplied by
appropriate heat rates,

where:

OTHFUEL st fuetsates™2citres,9 Dopmes s SICGEN gy ot x-RATE,,

where:"

)

RATE,, =" Heatrate for prime mover pm.
Industrial cogeneration fuel consumption for own use is calculated similarly.

Subroutine WEXOG

"WEXOG stands for write industrial calculated quantities to NEMS exogenous variables.

Prior to assigt;ing values to the NEMS variables, total industrial fuel_consumption quantities 7
“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 multiplicative for all fuels which have values greater

* than zero and are additive otherwise. ' :
The equation for total industrial'/electricity consumption is below. -All other fuels have similar equations
with refinery consumption and oil and gas consumption included only where appropriate.

BMAINM, region =TQMAINM, region +QFELRF,, .,
The equation for total industrial natural gas consumption is:
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BMAINM,W —TQMAINM,mmi-QNGRF M+CGOGQMMM+CGOGQWM +N0N7RAD,_‘8W, , . @)
where: . o .
- BMAIN,,, = Consumption of natural gas in Census region r,
TQMAIN}, ‘ .= . . Consumption of natural gas i_"uel f in Census region r
- ONGRF,, = Natural gas consumed by petroleum refining mdustry in
‘ , ’ Census division r in n yeary, and . ,
CGOGQ,stes region = o .Consumptlon of natural gas from cogeneration of
. ~ ‘ " electricity for sales to the gridin enhanced oil recovery in
Census reglon and year
) CGOGQ,;MWIM = -Consumption of natural gas from cogenieration of .
« .. electricity for own use in enhanced 011 recovery by

Census region year. o

Total industrial cdnsumption for other fuels is calculated similarly.

SEDS b'enchmark factors are calculated as'foﬂows:

SEDS4

SED Suclsegion. - L ‘ U
SBFﬁe,mm BMAINM,,W,, , . (49)
where: . . :
’ SEDSBFjeiregon =~ - = . Current SEDS data year benchmark factors
. SEDS4,,, reion =" " -Current SEDS data year consumption aggregated
. *-from the division Ievel by fuel to the region level by
fuel
~ BMAINg region = Total industrial fuel consumption by fuel and region
- SEDS benchmark factors are then muitipliedt by the total industrial consumptfon value as follows:

BENCH,, ...n = SEDSBF .00 x BMAINﬁu,mm 4 (50)

P

‘STEO benchmark factors are calculated as follows:
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. ‘ STEO .
STEOBF, =— Jukyear

; s Eﬁul Enym BEN Cwalmfm i S o ) o (5_1)
where: o I - - ‘ :
STEOBF,,, = STEO benchmark factor by fuel which equals each'fuels
' - share of the total SEDS benchmarked industrial
consumption. Note that these factors are applied post -
SEDS data years. -
STEO ) year = “ Total third qudrier STEO consumption by fuel for each
, - forecast year. - |
BENCH 1 region - "= Benchmarked total industrial fuel consumption.

The STEO factors are applied to the SEDS industrial bencilmarked consumption values as follows:
BENCHy,,, sy = STEOBF,, x BENCH,, . | o ' (52)

STEO benchmark factors are faded to zero beginning in the first year afterthe STEO forecast year until 4
years post STEO forecast: ’

The shares for renewable fuels, calculated through the followihg equation, are based on the value of output
from the paper and lumber industries since most renewable fuel consumption occurs in these industries.

OUTIND,, , + OUTIND

DSRENW,; = 114
NUM, ; ' (53)
. (OUTIND,,, + OUTIND,, )
d=1 .
where; -
DSRENW,, _ = . Share of output for renewable fuel fin Census division d,
OUTIND;;, =" Gross value of output for the paper and allied products industry in
Census division d, . v
OUTIND,,, = Gross value of output for the lumber and wood products industry
' : in Census division d, and ’
NUM, ' = Number of Census divisions in Census region r.

\
The benchmark factor for biomass is computed as follows.
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. " BIOFUELS,
- BENCHFAC,,,; = ————t_

Y DORENW, (54)
=
W e
T BENCHFAGC,,,4 = Benchmark factor for biomass in Census division d,
BIOFUELS, =" Consumption of biofuels.in Census division d, and
DQREN%,, = Coﬁeumpﬁon of renewable fuel f in Census division d, and
DQRENW,, =~ TQRENW,, x DSREN, L T, 65
where: . . -
TORENW,, - = - Industrial total consumptlon of renewable fuel fin
. - Census region 7, and \ ‘
DSRENW,, = Share of output for renewable fitel fin Census division d,
Adjust total mdustnal 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 i in steani coal use. Savings increase 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,+.1 ;t(CCAIfFOSz-CCAPFOSl) *NGYRS - ' " (56)
where:
i CCAPCL,M = .Total reducuon in coal consumptlon due to chmate
change actlon plan.
CCAPFOS = Assumed fossil fuel savings for a base year 1-2000 and
- 2=2010.
' NGYRS = Number of years past year 2000 ﬁp to year 2010.

- Energy lnformation Administration
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Electricity savings are calculated similarly.' .

Benchniarked cbnsi:mption values are then passed into the appropriate variables for reporting to NEMS.
The following equation calculates consumiption of electricity. Equations for other fuels are similar.

- QFLIN,,.. = BENCH,, . x SEDSHR

elec,region.cdiv .
where:
QFLIN 4. = Industrial consumption of electricity in Census region
' and year, :
BENCH,_,“., ,,é',a,, = Consumption of elec_:triéit‘y in Census region; and
SEDSHR . regioncdi = SEDS census region share of electricity in census

division, ~

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

TOMAIN,, : .+ TQMAIN,
QGFIN,, ... = [BENCH,@”K,M x SEDSHR,,M#L;WZWT] x { a;%%gmgm L
where:
OGFIN 4, ..0r = - Industrial consumption of core natural gas in Census
’ division cdiv and year,
BENCH, ¢ recion = Benchmarked consumption of total natural gas in Census
g . region, ' ’ :
SEDSHR s, vegion,caiv = SEDS census region share of natural gas in census
division cdiv,
TOMAIN .., reion - = Consumption of core natural gas in Census region,
TOMAINy, ,,c10n = Consumption of feedstock natural gas in Census:region,
. and , . i .
BMAIN . 1 cion = Total unbenchmarked consumption of natural gas in
. - Census region region. .
QGIIN gy = ONGIN, . i, = QGFIN - . ’
where:
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. QGIIchiv.yzar :
‘QVVGINnga:,chv |

OGFIN 41,5 0

Industnal consumption of non-core natural gas in Census
d1v1s1on cdzv by year,

' Consumpnon of natural gas in Census division cdiv,. -

" Industrial consumption of core natural | gas in Census ,

d1v1s10n cdiv by year.

" Industrial consurnption of biomass is calculated in the follo_wing é(juatién. ]

- where:

[

OBMIN,,

- DORENW,,

CGOGQ,,,.

OBMRF,,

. : ~ 3 - R ) .
OBMIN, = Lg;DQRpva,] [2 CGOGQ, ;.. + QBMRF

Industrial consumptlon of biomass in Census division d
m yeary, -

, Consumpuon of renewable fuel f in Census division d,

' Consumpuon of biomass from cogeneratlon of electncxty

‘for use u in enhanced oil recovery in Census division d in
yeary, and ' .

Biomass consumed by petroleum refining industry in

* Census division d in yeary.

b

Consumpnon of total renewables 1s calculated through the followmg equation. Currently, only biomass is

nonzero.
© QTRIN,,

where:

64

- QHOIN,, + QBMIN‘;‘y

"QTRIN,,

QHOIN;,

" OBMIN,,

QGEIN,,

1 * OSTIN, + OPVIN,, + QWIIN,, + QMSIN,,

Industrial consumption of total renewables in Census -

.division d in. year y,

Industrial consumption of hydropower in Census division .

din year ¥

Industrial consumpuon of biomass i in Census d1v1s1on d
in yeary,

Industrial consumptlon of geothermal in Census division

rdmyearyt '
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OSTIN,, .= . ° Industrial consimption of solar thermal in Census .
' division d in year y, : .
OPVIN,, = Industrial consumption of photovoltaic in Census _ * _
division d in year y, .

QWIIN,, = Industrial consumption of wind in Census division d in
year y, and : ! ’

OMSIN,, S = Industrial consumption of municipal solid waste in
: Census division d in year y. .

Currently, only biomass (including pulping liqilor)yand hydropower are implemented in the model.

Variables pertaining to industrial cogeneration of electricity including generation for own use and sales to
the grid, capacity, and fuel consumption are also passed.to the appropriate NEMS variables. Cogeneration
data from the refining and oil and gas industries are included in the industrial cogeneration data passed to.
NEMS as shown in the following equation for capacity.- Similar equations are used to incorporate refining
and oil and gas cogeneration for own use and sales to the grid as well as fuel consumption. ’

CGINDCAP,,,,,; = CAPGW,,, : . (62)

where:

. CGINDCAP,,;, o= Industrial capacity for cogeneration for use u using fuel f
- . " in Census division d in year y, ) ‘

CAPGW,,, = Capacity for cogeneration of electricity for use u lising
. fuel fin Census division d, o
Total consumption is calculated below.
'+ CGINDQ,,,, = DIVFUEL,), . | | (63 -
where: . l : ) .
CGINDQ, ., = Industrial consumption of fuel f for cogenerafion of
electricity for use u in Census division d in year y,
‘ DIVFUEL,,, - = Consumpﬁon of fuel f for cogeneration. of electricity for
use u in Census division d, ) .

Consumption values for manufacturing heat and power must be augmexited by fuels purchased for
refineries before passing to NEMS as shown in the following equation.

MANHP,,.., = TMANHP,,,. + QELRF, _ : i o 64

e

where:
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MANHP, elecy L= Consumptlon of electncxty for manufactunng heat and

power in year y, -
IMANHP,,, = : Total manufacturmg consumptlon of electnmty for heat
' _ and power, and .
QELRF,, ' = Electnc1ty consumed by petroleum reﬁmng mdustry in
: .Census division d in year y

\

Consumptlon of natural gas, coal, re51dual dlsullate liquid petro]eum gas, still gas, petroleum coke, and
others are calculated in a similar fashlon

Consumptlon for non-manufacturing heat and power is adjusted to include consumptlon from oil and gas
mining. S . :

’

NONHP = TNONHF, + ECGOGQ,‘,

pr talyfu
where: _ ) ) : . .
. NONHFP;, - )= 'Consumptmn of fuel ffor non-manufactunng heat and
- : . power m year y,
M N
-ITNONHP, \ = Total non-manufactunng consumptlon of fuel ffor heat
T » © . -and power and ‘
CGOGO, 5 = Consumption of fuel f from cogeneration of electricity for

use « in enhanced 01I recovery-in all Census divisions in
yeary.

Consumption for miscellaneous feedstocks in each of the energy-intensive industries are passed to the

. appropriate variables for usage by NEMS.

Subroutine RDBIN IR

RDBIN is called by the main industrial subroutine ISEAM on model runs after the first model year. This
subroutine reads the previous year's data from the binary files. The previous year's values are assigned to
lagged variables for price, value of output, and employment. The previous year's UECs, TPC coefficients,
price elasticities, and intercepts are read into the variables for initial UEC, TPC, price elasticity, and
intercept. Process specific data is read into either a lagged variable or an initial estimate variable. Three
cumulative variables are calculated in this subroutine for future use.” A cumulative output variable, a
cumulative UEC, and a cumulative production variable are computed for each fuel and process step.

\

S
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MODCAL

MODCAL performs like the main industrial subroutine ISEAM in all years after the first model year. In
subsequent years, no data must be read from the input files, however, UECs and TPC coefficients must be
adjusted to reflect the new model year, whereas the first model year uses only initial estimates of these
values. MODCAL calls the following subroutines: CALPROD, CALCSC, CALPRC, CALPATOT, "

" CALBYPROD, CALBTOT; CALGEN » CALBSC, CALSTOT, INDTOTAL, NATTOTAL, and .
CONTAB. Similar to the functioning of ISEAM, the subroutines NATTOTAL and CONTAB are called
only after the last regi?n for an industry has been processed. , : E

 Subroutine CALPROD

CALPROD determines the throughput for production flows for the process and assembly component.
Existing old and middle vintage production is adjusted by the retirement rate of capital through the
_ following equations for the manufacturing industries. ‘ :

PRODCUR,,, = [PRODCUR,,,, + IDLCAP,, | x (1 ~ PRODRETR) . . (66)
where: . ‘
PRODCUR,,, = Existing production for process step s for old vintage, .
IDLCAP,,, = Kl production at process step s for old vintage, and
» . PRODRETR, - = Retirement rate at process step s.
PRODCUR,,, = (PRODCUR,,. + PRODCUR, ) x (1 - PRODRETR)) , ‘ ‘ ' (67)‘
where:
PRODCUR,,,, = . Existing production at process'step s for mid vintage,
PRODCUR,,,,. = Production at process step s for new vintage,

PRODRETR, = . Retirement rate at process step s.

For the non-manufacturing industries, the following two equations are used for old vintage and middle
. vintage production. ‘

PRODCUR,,, = PRODCUR,,,, + IDLCAP,,,, ~ - -~ ~ : : (68)-

where:
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PROD.C_'UR,,,,,lx = , Existing productiOn at-process step s for old vintage, and

' IDLCAP ;4 . = Idle production for process step s for old viritage. -

PROD‘CURM; = PRODFUR,,M‘; +.PRODCUR, .

; where: . ’ e, - , : .
. "PRODCUR',,M, = " Existing production at process step s for mid vintage, and

PRODCUR,,,,,;,

Production at process step s for new 'vintage.

Total producuon throughput for the industry is calculated If the initial UEC is in physxcal units, the value
of output for the-current year is muluphed by the fixed ratio of phys1ca1 units to value of output calculated
mtheﬁrstmodelyear _ R

N

PRODX,, = PHDRAT x PRODVX,, '

where: - ' :
PRODX, = Value of output in phys1cal units for industry i in Census
T . S reglon r, o
PHDRAT S = _‘. ) Ratio of physical units to value of output, arld ',
PRODVX,, . = - Output for industry i in Census region r.

- - . L

If the 1mt1al UEC isin dollar units, then the current year s value of output is used to deterrnine total
producuon throughput.

" Total production 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 1d1ed in proporuon to the flowrates of
emstmg capac1ty .

The followmg are elements of each process step’s balance equatlon

1. Existing joint capac1ty (EXISTCAP) the step’s own exlstmg capacity, as well as related -
steps’ existing production capacity. This includes all capacity surviving from 1990 (old)

: Energy Information Admiulstratlon : ‘\
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X

-, and pqst-'1991 (mid) vintages. “Related Steps” are those that flow to common downsteps.
EXISTCAP is determined from the variables - - S
PRODCUR(OLD,related_steps) and PRODCUR(MID,related_steps).{

”,

PRODCUR,,,, = PRODFLOW,,, , x PRODX,,. (1)

where: . .
’ PRODCUR,,,, = . Production at process step s for all vintages,

. PRODFLOW ., = Down-step throﬁghptit t(;process étep s by link [ for old
vintage, and ’ :

- PRODX,, Value of output for industry i in Census region 7.

2. 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 o
PRODCUR(NEW,downstep), unless the step meets final demand (exogenous production).
If so, DOWN_STEP_REQD is a function of PROX. "

PRODCUR,,,, = PRODCUR,,,,, - PRODCUR,,,, - PRODCUR ,,. ‘ (12)

where:
PRODCUR,,,, =. New Il)roduction’ at process step s for new vintage,
PRODCURWL , = Total producﬁon at process step s for all vintages,
PRODCUR;M, = Existing produ.ctioh at process step s for old vintage, and
PRODCUR,,;; * | .= o Existi;lg proQucﬁon at process step s for mid vintage.

Middle vintage production is unaltered.

3. New joint Capacity (JOINTNEW): The difference between Existing Joint Capacity (1) -
and the Combined Downstep Requirements (2). .This is the balancing item for a set of
related (“joint”) process steps. )

N
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4. Step’s Share of Joint Capacity (J OINTSHR) Tlus is the proportlon of New Joint Capacity

\

that will be mét 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 RATE related_steps,downstep). A separate JOINTSHR is .
calculated for use when J: OINTNEW is less that zero—the 1dhng case.

" The balance équatlon- is:
" JOINTNEW. + EXISTCAP - DOWN STEP REQD = 0"

t

. where: © - o : : ,
' JOINTNEW o= o lde production for process step s for old vintage,

EXISTCAP = Existing production at process step s for 61d vintage,

. . DOWN_STEP_REQD

- Solving for the unknown, we write: '

JOININEW = DOWN STEP REQD -~ EXISTCAP

!
\

~ The step’s share of new ‘capacity is:

. PRODCUR,,,,,. = JOINTSHR, x JOINTNEW

‘When implemented as a general routine, the balance equation is developed in matrix format as:

[PFold;) x [PRODCUR OLD]] +
[Pmed,J] x [PRODCUR MID] +
, [PFnew,] x [PRODCUR NEW] +

JOINYNEW 0

where:

\ \ o .
Production flow rate corresponding to industrial processes
installed in 1990 plants for the ith pnmary step and the jth
downstep :

PFold,;

* Energy Information Administration -
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PFmid;; = Production flow rates corresponding to industrial production
' capacity installed in post 1990 plants for the ith Pprimary step and
the jth downstep ' '

PFnew;; = Production flow rates of all new industrial capacity added within

’ . " agiven year to meet exogenous output and retirement of existing -
capital stock requirements for the ith primary step and the jth
downstep . T

. When solving for JOINTNEW, the negative of the above matrix term is used. This is subtracting the

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

the column corresponds to a joint process step. If the column 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 consumption. CALCSC calls one of three subroutines,

" CALCSC1, CALCSC2, or CALCSC3 depending on the type of approach for a particular fuel, process

step, and industry. CALCSC1 maintains constant UECs. CALCSC?2 applies the econometric approach for |
non-energy-intensive industries. CAI.CSC3 applies the engineering approach for energy-intensive =~
industries.

. Subroutine CALCSC1 -

CALCSCI1 updates UECs based on the previous.yeaf's UEC. Unit energy conspmption for each fuel, .
process step, and viritag_e is updated in the equation below. This -approach yields constant UECs over time.

i

ENPINT, ,, = ENPINTLAG, ,, . | o an

where:
ENPINT, . =  Unit energy consumption of fuel f at process step s for
_ vintage v, and :
ENPINTLAG,,, = Lagged unit energy consumption of fuel S at process step s for
. vintage v. :
Subroutine CALCSC2

‘CALCSC2 updates UEC:s through an econometrically estimated equation. Energy savings, or the location
on the technology possibility curve, is calculated in the following equation for old and new vintage and is
based on the total cumulative output raised to the coefficient. ’ :
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A

CSCCUR,q; = [CUMOUT,,, J*S%% = . ' 3 N L @a8)

~ where:
CS_C,;C'(JRV' g =" Current energy‘ savmgs at prOcess step s for fuel f for vmtage v,
L _ CUMOUT,,,@ = . .Cumulatlve output, from 1958 through the lag of the current year
) . /' o ' at process step s fer all vintages, and
BCSCy; = ',Errergy savings coefficient at process step s for fuel fand vintage

~ The unit energy consumptlon for old and new v1ntage is calculated by multlplymg the mtercept term
calculated in CALINTER by the current energy savings. :

v

ENPINTV” = EINTER X CSCCUR N . o - | - , a )
1Y
~ where:
ENPINT,,, . = Unit energy consumption of fuel f at process step sfor
) . vintage v,
EINTER,;, : = 'Ihtercept at process step s for fuel f for vintage v,-and
CSCCUR, ., o= . Current energy savmgs at process step s for fuel f for
. vmtage V. \

The UEC for mxddle vmtage is computed in the followmg equatlon as the ratio of the cumulative unit
energy consumption to cumulative production for new vintage, i.e., it is simply the weighted average UEC.

> - SUMPINT,

NP | SUMPNT,, - , o '
ENPINT gy CUMPROD,,,,, - ° - S : : (80)
where: - .
ENPINT .y, - . = Unit energy consumptlon of fuel f at process step s for
' S . . mid vintage, :
SUMPINl}, .= Cumulatxve unit energy consumpuon of fuel f at process ;
S . osteps, and :

. o . Eneréy information Administration
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The cumulative variables are calculated in RDBIN. .

CUMPROD,,,, - =

Subroutine CALTLO‘G‘

. ‘Cumulative production at process step s for new vintage.

) " The unit energy consumption values for the energy non-intensive manufacturing industries are calculated

~ -based upon fuel shares estimated with a translog model as discussed above.

The variable definitions are presented in Table 6.

Table 6. Translog Variable Definitions

| Variable Definition
w, Price of Natural Gas.
W, Price of Coal
Wy Price of Electricity
A Price of Distillate
Ws | Price of Residual
W Price of LPG-
X Quantity of Natural Gas
X, Quantity of Coal
X, Quantity of Electricity
X4 Quantity of Distillate
Xs Quantity of Residual
Xg Quantity of LPG
q , Gross Output
c Total Energy Cost

Total energy cost is computed as:

C=Wy X HW, ¥ X Wi * K h WX W F X WX
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The cost shares for the individual fuels is computed as:
s=wrx)lc
The parameter estimates and associated statistics are in Table D5 in Appendix D.

N

Using the calculated fuel shares the exponenual of the loganthm of the cost equation, and

current year fuel price w;, we calculate the total energy consumpuon per unit of output ratio
as follows: .

UEC, = [iS, » E.XP(LN(Q)J / W) | PRODCUR,,, S o (1)
* where:
o UEC, s Unit Energy Consumption value for fuel i,
S; . = "Cost' share of fuel i,
- C . | = . Total fuel cost, | | \‘
W, = \- .Pnce of fuel i, and L

’ PRODCUR roral= Total output for the industry being processed

Havmg performed the above calculations, the UEC values are then calibrated to the UEC
values correspondmg to the 1991 Manufacturmg Energy Consumption data. \

Subroutme CALCSC3

CALCSCB computes UECs for the energy-lntenswe industries. The energy savings for old and new
vintage is calculated below as the exponential of the TPC coefficient muluphed by a yearly index.

CSCCUR, ,, = ¢*%%* cunnm - ? ‘ . ‘ o (82)
where: ! : g
CSCCUR,, ‘ = Current energy savings (0<fractlon<1) at process step s
CLo for fuel f for. vintage v, .
BCSC,, : = Energy savings coeffic1ent at process step s for fuel f and
' ' vintage v, and

: Energy Information Administration * -
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CURIYR

Current year index.

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 following 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:
furnace process step (see Table D16, Appendix D). . S ‘

L (83):

' ‘ 1 [ o50 . (021 - 020) x (CURIYR - 1
ENPINT 1, = EINTER g CCCUR ey % 55 | 020 + 021 - 020 ;5( : )}
where: -
ENPINT,, .oc: = Unit energy consumption of electricity at process step s for new
’ ’ ~ vintage, ' .
EINTER,,,, o.s = Intercept at process step s for electricity for new vihtage,
CSC‘CUR,,,M clecs = Current energy savings at process step s for electricity and new
vintage, and
CURIYR . = Current year index.
The UECs for middie vintage are calculated as in CALCSC2 and shown below, by the ratio of cumulative )
UEC to cumulative productipn for all process steps and industries, i.e., the weighted average UEC.
- SUMPINT, ; ' '
P S ahiiaied ~ 2 ' N
ENPINT,,,,, CUMPROD, . | - (84)
where: - : - ‘
ENPINT, ;. o= Unit energy consumption of fuel f at process step s for
. middle vintage, - ,
" SUMPINT,, = Cumulative unit energy consumption of fuel f at process
step s, and - :
CUMPRODM;,,, = Cumulative production at process step s for new vintage.
Subroutine CALPRC

-

CALPRC is called to update unit energy consuinption based on pﬁce parameters. CALPRC calls one of
two subroutines CALPRC1 or CALPRC2, depending on the approach to be taken. CALPRC1 assumes \

. Energy Information-Administration :
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“The unit‘energy consumption is unaltered by CALPRCI1.

- unit energy consumpnon is constant. CALPRC2 uses an econometnc equauon to update UECs for energy-

non-mtensrve industries. ) , \

!

: ~Subroutine CALPRC1

Subroutme CALPRC2

CALPRC2 calculates ‘unit energy consumption based on price related conservation using an econometric
equatlon Average prices for each fuel are calculated to accommodate the equatlon Price based energy
savings is calculated below as the product of the average price of a partlcular fuel raised to each cross price
elastlcrty for both old and new vmtage

i

PRCCUR,,, H[WPRC] ELAS,

~

where: ) o )
PRCCUR,;, = "". Current energy savmgs based on prrce for fuel fat process steps
: for vintagev, . =~ ..
. WPRC, = Price for fuel #in 1987 dollars, and
BELAS,;, = Own price elasticity at process step‘ s for fuel f for old vintage and
o cross price elast1c1ty at process step s for fuel f and fuel # for old
- vintage.

Unit energy consumptton 1s then computed by mult1plymg the unit energy consumption by the pnce based

energy savmgs
ENPINT,;, = ENPINT, ge X PRCCUR “ ‘ e o | S
where: . A .' -

‘ ENPINT, ., = Unit energy consumpnon of fuel f at process step s for v1ntage v,

and ,
PRCCUR;, - = ‘Current. -energy savings based on prrce for fuel f at process step §

__— for vmtage 12 o .
. Subroutine CALBSC ) g

The boiler fuel shares are calculated using a logrt formulatlon (Note that waste and byproduct fuels are
excluded from the logit because they are assumed to be consumed first.) The equation is calibrated to
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1991 sb that the actual boiler fuel shares are produced for the relative prices that prevailed in 1991. The
equation for each manufacturing industry is as follows: ’

d

. _ (P, :!IBI) R T , .
Rt — - . - @7

IRACY

where the fuels are coal, petroleum, and natural gas. Base year boiler shares for distillate, 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; ; are sensitivity parameters; and
the P, 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.
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. Appendix A. -

Table A1._ Control Variables and Runtime Paramefers (indctrl)

Model Variables

Industrial Module Program Control Variables and Runtime Parameters . -
INTEGER IYR Current year

INTEGER IBYR . base year

INTEGER IEYR s 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 JOPEN flag indicating file status

INTEGER INDREG industry region index

INTEGER IPRICE flag to run price sepsitivities

REAL ELEC v | Electricity price sensitivity factor

REAL FGAS o Firm gas price sensitivity factor

REAL INTGAS Interruptible gas price sensitivity factor
REAL COAL, Coal price sensitivity factor

REAL RESID Resid price sensitivity factor

REAL DIST 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 tpe for new equipment
INTEGER IRETIRE flag to run rétirement 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/Assembly Price Serisitivity Routine
INTEGER CCAPOPT Option to use CCAP demand shifts

REAL CCAPFOS(3) . 2000,2010,2020 CCAP Fossil savings(trils)
REAL CCAPKWH(3) . 2000,2010,2020 CCAP Electricity savings (BKWH)

COMMON/CTRL/IYR,IBYR,JEYR,IWDBG,

IPRICE,I'I'PC,HZETIRE,ELEC,FGAS,INTGAS,bOAL,RESID,DIST,TPCl,TPC2, .
R.E'I'RATE,!SUBTR,INDNUM,INDMAX,WDDIR,IWRSUM,IOPEN,INDREG,
LPG,FRZTECH.HITECH,PRICEPA,CCAPOPT.CCAPFOS,CCAPKWH

unit numbers used as file identifiers

INTEGER IUNIT1

INTEGER JUNIT2 unit numbers used as file identifiers _

INTEGER IUNIT3 unit numbers used as file identifiers

INTEGER IUNIT4 unit numbers used as file identifiers

INTEGER IUNITS unit numbers used as file identifiers

INTEGER IUNIT6 unit numbers used as file identifiers

INTEGER IUNIT7 unit numbers used as file identifiers

INTEGER IUNIT8 . unit numbers used as file identifiers

INTEGER LENGTHIND(50) - ’ used by direct access files (see Table A11)

INTEGER FSTITER N first iteration

INTEGER LSTITER last iteration

CHARACTER*40 INDNAME captures industry name from input

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

CHARACTER*18 NFILE(5) - - identifies model intermediary file for temporary storage _
COMMON/INDUNTIIUNITI,IUNI'I'Z,IUNI'IB,IUN]T4,HJN]’1'5,HJN1‘I‘6,IUNI’I’I. TUNITS i
COMMON/INDMISC/LENGTHIND ) : -

COMMON/INITER/FSTITER,LSTITER

COMMONIH‘JDNAMES/INDN%NDSTEPNAME,NHI;E
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Table A2, Industrial Module Macroeconomc Vanables (mdmacro)

REAL OUTIND(mdustry,dmsmn) Industnal output by census division,
 REAL EMPIND(industry,division) Industrial empfoyment by census diVision )
" REAL ENPRC(fuels ‘division) Input energy prices By census division
‘REAL PRODX(lndustry,reglons) Production capacity by industry and region - .
REAL PRODXLAG(mdustty) Lag year production cépacity
REAL EMPLX(industry,regions) . '| Employment by industry and xegi-on.
RE!;.L EMPLXLAG(industry) Lag year employment ) o
.REAL PRCX(fuels,regions) _ - Energy prices by fuel and region
REALPRCXO0(fuels,regions) ~ ~ | Saves 1991 prices for coal , cil, and gas
REAL PRCD(97(regions,.ﬁxels) Save 1997 price of met coal and aggregate industrial fuel price
REAL‘ PRCXLAG(fuels) Lag year energy prices by fuel and region -
RE;\L PRODVX(ihdusﬁ'y:egion) . Production capacity by industry and region
REAL PRODVXLAG(industry) ‘| Lag year production capacity by industry
. REALINDMAC(industry,year,division) . Mecro industrial output by year and division
COMMON/INDMACRO/OUTIND EMPIND,ENPRCPRODX EMPLX EMPLXLAG, -~ °
"PRCX,PRCX90,PRCXLAG,PRODVX, PRODVXLAG,INDMAC -

Table A3. Vanables Used for Estlmatmg Bulldmgs Energy Consumptlon in the Industnal
Module (indbld) - ‘

REAL ENBINT(light hvac, fuel) Building Unit Energy Consumption Values

REAL ENBQTY (light hvac total=3,fuels) Varizble holding Builing Energy Consumption Calculation

REAL BBCSC(light hvac,fuels=3) ~ Building Energy Conservation Coefficient -
REAL BBELAS(light hvac, fuels=3) -} Building Energy Price Elasticities
REAL BBEMPL(light hvac,fuels=3) Employment

COMMON/XBLD/ENBINT,ENBQTY,BBCSC,BBELAS, BBEMPL ' : )
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" Table A4. Variables Used in the Process and Assembly Component- Cailculations (indpa) .

Industrial Module Variables Used to Calculate Vintage of Capital Equipment in the Process and Assembly Component, and Unit Energy
Consumption Forecasts, and Fuel Consumption Forecasts for the Process and Assembly Component

|RBAL PHDRAT [Factor used to convert industrial output from physical to dollar units .
REAL PRODCUR(vintage,process step) Vintaged production capacity ) ] '
REAL IDLCAP(process step) Idle Capacity by process step
REAL PRODLAG(vintage;process step)  [Lag year production capacity
REAL PRODFLOW(vintage,process step, . {Production flow coefficients .
process links) e - '
REAL PRODRETR (process step) . *|Retirement rates by process step ,
REAL CUMOUT(vintage,process stcp) Cumulative industrial output
INTEGER NTMAX(process step) Max number of links per process step
INTEGER IPASTP(process step,links) Stores 0-1 values indicating process flow links *~
INTEGER MPASTP Number of process steps - - -
' INTEGER IDVAL . Value indicating industrial output units (physical/dollar value -
REAL PRODZERO(vintage,process 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 consumption values
REAL ENPQTY (vintage, fuel,process step) Energy consumption
REAL ENPMQTY (fuel) ergy consumption of purchased fuels
REAL ENPIQTY(fitel) IEnergy consumption of byproducts ~
'| REAL ENPRQTY (fuel) [Energy consumption of renewables
INTEGER ITYPE(fuel,process step) Variable indicating uec estimation methodology
IREAL SUMPINT(fiel,process step) Sum of Energy Intensities . T
EAL BCSC(vintage,fuel,pi'ooess step) Technological possibility coefficient for energy intensive industries’

REAL CSCCUR(vintage, fuel,process 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-intensive industries

REAL EINTER (vintage,fuel,process step)

Intercept term for unit energy consumption values

REAL CUMOUTSS

1988 cumulative output

REAL BELAS
(vintage,fuel, processstep,division)

Own and cross price fuel elasticities

|REAL PRCCUR(vintage, fuel,process step)

Vintaged price conservation coefficients by fuel, process step

REAL PRCLAG(vintage, fuel,process step)

'Iag year value vintaged price conservation coefficients by fuel, process step

REAL ENPINTLAG(vintage, fuel,process)

Ilag year values to vintaged unit energy consumption by fuel, process step

REAL BYPINTLAG(3,5,10) ILag year vintaged byproduct unit energy consumption values by fuel, process step
|REAL BYSINTLAG(6) Lag year byproduct steam intensity values ‘
INTEGER IFBYP(10) Number of byproducts per process step.
|INTEGER IFLOCBY(10,10) Byproduct identifier per process step .
IREAL BYPINT(3,5,10) Vintaged byproduct unit energy consumption by region,process
IREAL BYPCSC(3,5,10) Vintage byproduct efficiency coefficients by region, process
IREAL BYPCSCCUR(3,5,10) . [Vintage byproduct efficiency coefficients by region,process
IREAL BYPCSCLAG(3,5,10) Lag year vintage byproduct efficiency coefficients by region,process
IREAL BYPQTY(4,6,10) Vintaged byproduct energy consumption by fuel, process
qREAL ENBYPM(23,4) Stores main fuels consumption used in process/assembly and bsc from which byproducts are
. produced
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 in process/assembly and bsc from which byproducts are produced

COMMON/INDPA/PHDRAT,PRODCUR, IDIfAP,PRODLAG,PRODFLDW,

v
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. Table A5 Variables Used for Estlmatmg Industrial Energy Consumptmn in the Bonler, Steam,
. Cogeneration Component (indbsc) ’

INTEGER IFSBYP Number of byproducts consumed
INTEGER IFSLOCBY (fuels-id) - Stores fuel id number byproduct fuel j
REAL BYSINT(fuels) | Boiler Effciency for byproduct fuel
"REAL .BYBSCSC(fuels) Conservation supply coeffiecient t;or lzyproduét fueljin the BSC -
REAL BYPBSCM(fucls) Byproduct consumption of main fuel j
REAL BYPBSCI(fuck) Byproduct consumption of intermediate fuel j )
REAL BYPBSCR(fuels) Byproduct consumption of renewsble fuelj . :
REAL BYPSTM | Amount of steam generated from alt byproduct fuels ’
REAL BYPSTMM Amousit of steam produced ising main fuels
REAL BYPSTMI -Amount of steam.produced using intermediate fuels )
REAL BYPSTMR Amount of steam produced using renewable fuels . S
INTEGER IFSMAX . Number of fuels consumed in the bsc
INTEGER IFSLOC(fuels) Stores fue:l id number for main fuel j
AREAL ENSINT(ﬁiels) s Heat Rate of fuel j in the bsc componént
REAL ENSQTY(fuels) Consumption of fuel j to generate steam
.| REAL BSSHR(fuels) Boiler share of fuel j
REAL' BSSHRLAG(fuels) Lag year boiler share of fuelsj - ’
REAL STEMCUR ) ) Steam demand from process/assembly and buildings
‘REAL BSFUEI.SHR(indusqy,mgions,ﬁxels) Stores share of oil based fuel T of total oil éonsumed )
REAL BSBENCHFAC(indusuy,regions,fuels) Benchmark boiler shares to base year (no£ done)

COMMON/INDBSC/IFSBYP, IFSLOCBY,BYSINT, BYBSCSC, BYPBSCM, BYPBSCLBYPBSCR,

BYPSTM, BYPSTMM, BYPSTML,BYPSTMR, IFSMAX, IFSLOC, ENSINT, ENSQTY

82

BSSHR, BSSHRLAG STEMCUR, ‘BSFUELSHR BSBENCHFAC

~
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Table A6. Variables Used fof the Non-Intensive Industries (indtlog) .

Variables Used to Calculate Ex{ergy Coﬁsumption for the Energy Non-intensive Industries Using the Transloé Econometric Methodology

INTEGERB'JAXIND Max number of industries with translog coefficients
INTEGER MAXCOEF . Max number of coefficents -

REAL TLCOEF(industry,coefficient) - | Stores translog coefﬁcienps

REAL 'ILBSI-IR(indusny,region,cocfﬁcient) V Stores logit model coefficients -
REAL TLFAC(industry,region,vintage, fuel) R -1 Stores base yéar translog fen. multipliers
REAL 1 : . | Cost shares of Natural Gas

REALS? Cost share of Steam Coal

m S3 Cost share of Electricity

REAL S4 Cost share of Distillate fuel

REAL §5 Cost share of Residual Oil

REAL S6, ’ Cost share ofuq&id Petroleum Gasoline

COMMON/INDTLOG/MAXIND,MAXCOEE, TLCOEF,TLBSHR,S1,52,53,54,55,56, TLFAC

i

.
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Table A7. Cogeneratioﬁ Variables (i"ndcogen)

-Varisbles Used to Estimate Industrial Fuel Consumption for Cogeneration of Electricity a :

REAL RATE(prime movers) - Heat rates by prime mover
. REAL';I‘SHRGEN(&ivision,ﬁxc]s) Share of generation by fuel to census divis\ion‘
REAL GENGWH(division,ﬁlel,saleslom use) 5 Gigawatt Hours of éo-Genem;ion
REAL DIVFUE[.(division,_f‘txels;sales/own use) ) Cogen Fuel consumption
REAL CAPGW(division.ﬁxcl,sales/o;vn use,plannedfunplanned) Gigawatts of Capacity .
REAL SHARB(pnme mover,dmsxon,year,mdusuy fuel) ' Cogen fuel Shares s .

\

RBALEIEEN(pnmc mover) Total electricity generation by prime mover
REAL ELOWN(fuel) ' | Ownuse electricity by fuelj
' REAL ELSALE(fue]) Electricity sold to the grid by fuel j

" REAL OTHFUEL(division, fuel,sales/own use)
4

Incremental (difference between modelresult and e1»867) cogen fuel
consumption

REAL GENFUEL(fuel,sales/own use,region)

Cogen fuel consﬁmptlion

'REAL GENTOT(region,sales/own use, fiiel)

- Aggregate total cogen fuel consumption

REAL GINTER Intercept term' f:ornelecuicity generation -
REALGSTEAM ) ‘ Steam demand coefficient

REAL GENEQPSHR (prime mover) Share of gex;eraﬁon by prime‘mover

REAL GENEQPHTRT(prime mover) Heat rate i)y prime mover

REAL CGFUEL(region,sales/own use,fuel)

Consumption of fuel j for cogeneration in region r*

REAL ICEFUEL ~ I;'ue'l consumption for generation from interiial combustion engine
REAL GCTFUEL ! Fuei consumption for generation from gas turbines
REAL STFUEL(fuel) ' Consumption of fuel j in steam turb.ines
REAL STBYP(fuel) ' Consumption of byprodiict fuel j in steam turbines
REAL ELCAP(fuel) - Electric Capacity by fuel j
- REAL CAP867(division,year,industry, fuel) EIA-867 Capacity
REAL SICGEN(dmsxon,year,mdustry fuel,prime mover,sales/own EIA-867 Generation
use3) .
REAL SICUTIL(division,yearuelindustry,fuel) EIA-867 Capacity. Utilization Rate
EIA-867 Gridshares

REAL IGRIDSHR(division,fuelindustry)

INTEGER MAXCOGYR -

MQximum number of cogen data years

INTEGER MAXPLAN L ’ R

Maximum number of planned cogen data years

COMMONIINDCOGEN/RATE,TSHRGEN GENGWH,DIVFUEL,CAPGW, SHARE,EDGEN,ELOWN,ELSALB,OTHFUEL,GENFUEL,
GENTOT, GINTER,GSTEAM,GEN90,GENEQPSHR,GENEQPHTRT, GENEQPSTEFF,CGFUEL, ICIEFU&GCI’FUEL,S’I'FUEL,
STBYP,ELCAP,CAP867, SICGEN,SICUTIL,IGRIDSHR, MAXCOGYR,MAXPLAN . -
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Table A8. Benchmarking Variables for State Ene

rgy Data Reporting System and the Short Term ’

:Energy Outlook (indbench)
" | INTEGER 1SEDS ‘ Option from file indrun: I=Berichmark to SEDS, 0:dont benchmark \
REAL BMAlN(fule,regions) In WEXOG: Unbenchmarked Quantities with Cogen and Refining Added for Benchmarking.
m BENCHFAC(fuels,division) . Benchmark factors for 15 main fuels and 2 biomass by Censﬁs Division ’
| REAL OTHIND(fuels,division) " Difference between BMAIN and SEDS after benchmarking: “Other Industry}
REAL S'I:EOQ(ycar,ﬁxel) : ' 'STEO History and pm:iections by year, 19 fuel: read from file indsteo
REAL TONOUT(industry,regior) Save base year tons of output 7 ’

COMMON/INDBENCH/ISEDS,BMAIN,BEN| CHFAC,OTHIND, STEOQ,TONOUT-
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Table A9. Aggregation Variables (indcon) a . - | .

)

Fuel by Census Region

Varisbles Used to Hold Various Aggregations of Industnal Fuel Consumption. Total Consumpnon for Mfg, Non-mfg Heat and Power,
‘Feedstocks. Consumption in Each of the Ena'gy Intensive Industnes, Total Consumptxon by Fuel by Census Division, Total Consumpuon by

« .

~

* ‘REAL QTYMAIN(fuels,regions) .Consumption of main fuel j in region k .
- REAL QTYINTR(fuels,regions) ‘| Consumption of intermediate fuel j in region k
. REAL QTYRENW(fuels,regions) Consumption 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(fuels,regions) - ° ‘Total consumption of renewable fuel  in region k, see industrial code for fuel ordcnng
REAL DQRENW (fuels,division) Consumption of renewable fuel j j in census divisionk
REAL DSRENW(division) - « Share of output for renewable fuel j in census division d
REAL BIOFUELS(division) Consumption of biofuels in census division d, ’
REAL TMANHP(fuels) Total manufacturing consumption for heat and power by fuel j
REAL TFOODCON(fuels) Total fuel consumption in food
REAL TPAPERCON(fuels)" * Total fuel consumption in paper
REAL TCHEMCON(fuels) Total fuel consumption in chemicals-
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

The fuel order for the above eight vaiiables is as follows: 1= electricity; 2= natural gas; . : .
3=steam coal; 4= met coal; 5= coke imports; 6= residual; 7= distillate; 8= Ipg h&p; . !
9=petroleum coke; 10= still gas; 11= other petro; 12=kersosene ’ '

REAL TREFCON(fuels) | Total fuel consumption in refining

_The fuel order for TREFCON is as follows: 1= electricity; Z- natural gas; 3- steam coal; 4= resxdual 5= distillate; 6= Ipg h&p; 7=
still gas; 8= petro coke; 9= other petroleum :

REAL TNONHP(fuels) - l Total non-mfg heat and power consumpuon

‘The fitel order for TNONHP is as follows: 1- electricity; 2= natural gas; 3= steam coal;4= residual; 5= distillate; 6= Ipg h&p; 7=
motor gas; 8= other petroleum

REAL TMISCFD(fuels) " Total misc fuels and foedstocks - - :

* The fuel order for TMISCFD is as follows: 1= natural gas feedstock; 2= Ipg feedstock;
3= petrochemical feedstock; 4= asphalt

real xelin(group,region) accumulafe totals for 3 electricity groups

real xelinshr(group,region) shares of total for 3 electricity groups ' L © <

The 3 groups are as follows: l=primary, 2=metal based, 3=misc,

COMMON/INDCON/QTYMAIN,QTYINTR,QTYRENW,TQMAIN, TQINTR, TQRENW,
DQRENW,DSRENW,BIOFUELS, TMANHP, TNONHP, TMISCFD, TFOODCON,
TPAPERCON, CHEMCON,TGLASSCON,TCEMENTCON, STEELCON, -

TALUMCON,TREFCON, XELIN,XELINSHR
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Table A10. Memory Management Variables (indbsc1)

Holds Variables for Industrial Direct Access File Alternative

INTEGER NUMPROC MAX NUMBER OF PROCESS-ALL INDUSTRIES
INTEGER NUMIND MAX NUMBER OF INDUSTRIES ‘ '
INTEGER NUMB1I | #BYTES m‘I’ND-SPECIFIC BUFFER kacom), STATIC
INTEGER NUMBI1P S #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

.PARAMETBR(NUMPRbC:S8,NUMND=15,NUMBZI=_2076+8.N[IIMB2P=1556+8,NUMBlI=996+8,NUMB1P=2576+8)

COMMON/INDBUF1/B2ICUR(26,NUMIND,4)

CURENT YEAR, INDUSTRY-SPECIFIC

COMMON/INDBUF2/B2PCUR (26, NUMPROC4)

CURENT YEAR,PROCESS-SPECIFIC

COMMON/INDBUF3/B2ILAG(26,NUMIND,4)

"CURENT YEAR,INDUSTRY-SPECIFIC BY 4 REGIONS

COMMON/INDBUF4/B2PLAG(26,NUMPROC,4)

COMMONI[NDACCNHJACUMOUT,ACUMPROD,ASUMPNT

CURENT YEAR,PROCESS-SPECIFIC BY 4 REGIONS

COMMON/INDBUF5/B1ICUR(NUMIND ,4),

| STATIC, INDUSTRY-SPECIFICBY 4 REGIONS

BIPCUR(NUMPROC,4) S_TA;HC, PROCESS-SPECIFIC BY 4 REGIONS
* REAL ACUMQUT(4,NUMPROC,4) ACCUMULATED OUTPUT BY PR.OCESS BY REGIONS
REAL ACUMPROD(4,NUMPROC,4) ACCUMULATED PROD BY PROCESS BY 4 REGIONS g
REAL ASUMPINT (lS,NUMPROC,&) ACCUMULATED OUTPUT BY PROCESS BY 4 REGIONS

CHARACTER B2ICUR*(NUMB2I), B2ILAG*(NUMB2))

CHARACTER B2PCUR*(NUMB2P), BZPLAG*(NUMBZP)

CHARACTER BIICUR*(NUMBI1I)

CHARACTER BIPCUR*(NUMBIP)

- Energy Information Administration -
' NEMS Industrial Demand Model Documentation Report 1998

87



Table A11, Listing and Bnef Descnptlon of Industnal Subroutmes

- 'kubrouﬁne “Pescription

. JIND [Get Macroeconoinic Data: Industrial Qutput, Employment, Energy Prices

|1sEAM . Perform Model Calculations
. RCNTL Read model runtime parameters or control variable values '

. |REXOG Assign exogenous mMnMc and enefgy pri‘ce variables frc;m NEMS to indusu:i'al variables
WEXOG [alibrate e;ggmgawindusn'ial results to SEDS and STEO and assign to NEMS variables
IRSTEO Read STEO File with last available history data and national projections for next two years
ATA Read mdustnal model input data
IRHEADER . Read header information for each mdustxy mddxr,phdrat,cumoutss base year output

: R§TEPDEF Read process step mformanon
IRBEU Read buildings data
IRBSCBYP Read byproduct fuel information input for the BSC
IRBSFUEL Read l;oiler shares

. IRCOGEN Read coéeneraﬁon information ‘
IRNEIELAS Read energy non-intensive industry data
IRSTEPBYP " Read process step byproduct fuel data -\, -

88
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~Table A11. Listing and Brief Description of Industnal Subroutmes (contmued)

IRSTEPDAT Read fuel id and uec for each process step

IFINLCALC - Performs calculations to determine base year process step production

IZEROOUT Re-initialize model parameters in order to gg,:ﬁext record in the input file

WRBIN Write lag year model results to temporary file '

'|RDBIN Read lag year mode] results o
MODCAL Controls program flow from year n+1 to last forecast year
CALPROD Calculates industrial production throughput for ;aach process step
" |BALCOEFF Calculates coefficients necessary to compute producti;m throughpu; at each process step

CALCSC Calhng routine for the conservation supply options -

CALCSC1 Sonstm;t Unit Energy dompﬁm; This routine does not-alter the UEC for industry bemg processed

CALCSC2 Energy conservation calculations using coefficients (estimated mgressmn parameters) ; Applies for certam
fuels in non-manufacturing industries

CALCSC3 Energy conservation based on the ﬁitum technology possibility approach “_ .

CALPRC Mmg routine for_price induced technical change or energy conservation

CALPRC1 Prices do not affect Unit Energy Consumption

CALPRC2 Pﬁw; affect consumption via econometrically estimated own and cross price elasticities

CALPRC3 *Prices affect consumption via econometrically esnmatzd own and cross price elasticities

CALTLOG [nit Energy Consumption for Metals and Other Non-Intensive Manufacumng is esumated using a translog -
production. funtion approach

CALBYPROD Calculates byproduct cnergy consumption in the process and assembly component

CALPATOT Calculates non-byproduct energy consumption ir the pr;)eess and assembly component

INDPALOG Reads fuel switching parameters

CALPALOG Determines fuel shares in the process and assembly component using a two stage logit model

CALINTER Calibrates base year UEC for certain fuels in the non-manufacturing industries

CALBLD Calculates.energy efficiency in buildings  ~ -

CALBTOT Calculates buildings energy consumption . '

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

CALBSC Calculates fuel shares in Boiler/Steam/Cogeneration Component ‘

CALSTOT Calculates fuel consumption in the Boiler/Steam/Cogeneration compon;n '

FUELBOIL Caiculates,total fue! consumption for steam turbines and process boilers . ’

INDTOTAL Calculates total consumption by fuel for a particular industry (i.e. sums up process/assembly , bmdmgs. and
poiler/steam/cogeneration fuel consumption .

NATTOTAL Calculates aggregate total consumption across all industries and industry oomponems

INDCGN Calculates aggregate total industrial ¢ cogenemnon, capacity, and fuel consumpnon

CONTAB Creates consumption tablts for individual ir industries

~ -

. Energy Information Administration
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Appendix C. Model Abstract . .

Model Name:
Industrial Demand Model

Model Acronym: o
None BN . -

Description: : . ~

The Industrial Demand Model is based upon economic and engineering relationships that model industrial
sector energy consumption at the nine Census division level of detail. The seven most energy intensive
industries are modeled at the detailed process step level and 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 integrated forecasting tool, the industrial model
generates mid-term forecasts of industrial sector energy consumption. The industrial model facilitates ‘

. policy analysis of energy markets, technological development, environmental issues, and regulatory
development as they impact industrial sector energy consumption.

Most Recent Modei—Update: y -
October 1997. ' - ) ‘ ' .

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

Model Interfaces: o & .
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:
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

Documentation: . :
Model Documentation Report: Industrial Sector Model of the National Energy Modeling System, January
1998, ’ , L .

Archive Media and Installation Manual(s): 7 ,
- The model has been archived on IBM RISC 6000 magnetic tape storage as part of the National Energy
Modeling System production runs used to generate the Annual Energy Outlook 1998. Itis archived as

_ Energy Information Administration - :
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. File 3 on Verbatim tape, Smm-DL 112M, serial number 1046G112. *

Energy System Described:
Domestic industrial sector energy consumption.
Coverage.

] Geographic: Nine Census divisions: New England, Mid Atlantic, East North Central West North”
. Central, South Atlantic, East South Central, West South Central, Mountam and Pacific.
] Time UmtlFrequency Annual, 1990 through 2020.

Modelmg Features: , .
° Structure: 9 manufacturing and 6 nonmanufacturmg mdustues The manufacturmg industries are

. further subdivided into the energy intensive and non-energy-iritensive industries.
e 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: Translog functional forms were used for the non-energy-mtensrve
manufacturing industries. The energy intensive mdustnes are modeled through the use of a
detailed process flow accountmg procedure -

Non-DOE Input Sources:
National Energy Accounts ,
. Historical Dollar Value of Output in the Industrial Sector

DOE Input Sources: o
Form EI-867: Survey of Independent Power Producers
e Electricity generation, total and by prime mover

® - Electricity generation for own use and sales

o Capacity utilization . ‘
Manufacturing Energy Consumption Survey 1991, December 1994
" State Energy Data System 1994, October 1996
_Computmg Environment:

o Hardware Used: IBM RISC 6000

L Operating System: AIX 4.2.1 .

L] Language/Software Used XL FORTRAN 90 Compiler/6000, Ver 4.0

° Estimated Run Time: 1.1 minutes for a 1990-2020 run in non-lteratmg NEMS mode on an IBM

RISC 6000.
o Special Features: None.

Independent Expert Rewews Conducted:,
None.

‘Status of Evaluatlon Efforts by Sponsor. '
None. ’ ) .

H
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.~ Appendix D. Data Inputs
Introduction . | - o o

The NEMS Industiia_l Demand Model develops forecasts of industrial sector energy consumption based on
the data elements as detailed in Appendix A of this report. This Appendix provides the initial values and
sources for the input data. . C ‘ -

Table D1. Building Component UEC (Trillion Btu/Thousand .
Employees) o .

\

_Building Use and Energy Source

Lighting 4 ) HVAC
: Electric * Electric Natural Gas Steam
SIiC ‘Industry -UEC UEC UEC UEC
20.. i «... Food &Kindred . 0.007 - 0.009 0.014 ‘ 0.045
Products .
26 .0i0iiiinennnn, «... Paper&Allied © 0.0131 0.016 0.023 0.0082
" Products . ’ ) :
281, 282, 286, 287 ...... Bulk Chemicals 0.0159 0.0299 . 0.68 ) 0.0058
321,322,323.......... Glass and Glass 0.0133 0.019 i 0.044 . 0.004
Products , : . o
< S . Hydraulic Gement 10.029 0.029 0.029 0.0568
331,832, etc. .......... Blast Furnaces & 0.0123 - ‘ 0.0184 0.0674 . 0.011
Basic Stes! . o
3334, 3341, 6tc. ... ..... Primary Aluminum 0.0187 - 0.0266 0.0062 0.0053
333-336,339 .......... Metal Based Durables 0.0083 0.0125 ’ 0.0153 . 0.0019
L Other Non-Intensive 0.007 - 0.0103 0.0134 . 0.0036
. ta]gabncated ( . '

SIC = Standard Industrial Classification.
UEC = Unit Energy Consumption, ) . >
HVAC = Heating, Ventilation, Air Conditioning. .

Source: Energy Information Administration, Office of Inteqratgd Analysis and Forecasting (Washipgton, DC, January 1997). -

Energy Information Administration - .
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Table D2. Non-Manufacturmg Sector PA Component UEC
: (T housand Btu/1 987$ Output)

-

14

" - B R : Motor :
: Elec| Ngas| Resid| Dist| Lig Gas Gas| - Coal Other|
Agri-Crops 0.959] 0.318] -0.000] 4.004| 0.553| 0.657] 0.002] - 0.115
Agri-Other : 0.254] 0.095] 0.000] 1.059] 0.146] 0.173] 0.000 0.032
Coal Mining |  2.054| - 3.744 0.122] . 0.391 0.053 0.057 0.289 0.000
_|oil&Gas T : L S ‘
[Mining 1.850) - 11.324] "0.397) 1.302| 0.181] 0.185! 0.959] . 0.014
~ Metal Mining | . 5.178] 12.110 0.395 1.286 0.179 0.184|" 0.767] - 0.000|
|Construction 0.265 0. 249 ©0.072 0.738} - - O 020 0.170 0.000f . 1.626|"

Source: Decns:on AnalySIs Corporatlon of Virginia a_nd Arthur D. thtle Industnal Model Baseline

Database Fi nal Report (prepared for EIA) “1993.

Table D3 Non-Energy-Intenswe Manu_facturmg Sector PA Component
UEC (Thousand Btu/1 987$ Output) :

~ Natural -
Industry - Elec |Residual [Distillate |Gas LPG . Coal Other
Metal-Based . 1 - o co ’
- |Durables 0.3126] 0.0007| 0.0043| 0.2414| 0.0052] 0.0002 0.03
Other ' - S ,
Non-lntensive 0.7347] -0.0428| 0.0461] * 0.7854] 0.0127]| 0.1452 0.43

‘Source: Calculated from Energy Informatlon Administration, Manufactur/ng Consumptlon of

Energy 1991, DOE/EIA-0512(91)(Wash|ngton DC December1994)
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Table D4. Parameter Estifnates for Non-Intensive Manufacturing

-._{Other Non-Intensive Manufact'uMetals-Based Durables
Parameter’ [Estimate t-Statistic Estimate t-Statistic .
D11 - " 0.1360 954 0.1506 - 12.22] -
D12 -0.0665 -7.62] . -0.0088 -1.39
D13 -0.0542 -6.88 -0.1200 -14.59
D14 -0.0174 2.34 -0.0112 -3.10
D15 -0.0066 ' 0.68 -0.0086 -1.55
D22 -0.0287 -2.84 - -0.0462 -7.14
D23 0.0799 " 10.14 0.0712 7.40
D24 0.0243 " 3.99 . 0.0007 0.24
D25 -0.0071 -0.87 -0.0171] . -3.50]
" |p33 -0.0074 :0.43| 0.0219 0.96
{D34 --0.0090 - -1.68 0.0131 2.53
D35 -0.0056 © . -0.48 0.0187 2.09
D44 -0.0452 -4.12 -0.0093 -1.71
D45 0.0475 5.72 0.0071 1.64|
D55 - -0.0449 -3.82 0.0005| . 0.09
A0 0.8656 18.71}- 0.1988 3.74
A1 0.3242]. 17.61 0.4141] 25.28
A2 -0.1096 -6.04 -0.1002| - -5.37
|A3 0.6228 - 18.83 0.6551 15.18
A4 0.1050 8.73| - 0.0198 1.97
A5 0.0484 2.11 -0.0010 -0.06
Jle D5. Food and Kindred Product Industry UECs (Thousand Btu/1987$ Output)
' : A Other . \ ,
Elec - NatGas Resid Dist Petro. © LPG Coal+Coke Steam Byproduct
End-Use . ' . ' '
rect . . Z .
sating . 0.0 - 0.426 0.006 0.006 .0.063  0.003 0.025 0.0 0.005
)t Water & . _ T C ; '
eam 0.0 0.965  0.071 ’0.025 0.111 0.006 0.410 1.200 0.008
aftig & L o ' ‘
eezing 0.067 ' 0.0 0.0 0.0 0.0, 0.0 . 0.0 0.0 Q.O
ther Electric 0.325 0.0 0.0 00 00 0.0 0.0 0.0

rces: Decision Analysis Corporation and Arthur D. Little Inc., NEMS
ort Prepared for Energy Information Administration,

1

0.0.

. Energy Information Administration .
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Table D6. Pulp and Paper Industry UECs (Ehergy Use/Ton of Pulp) -

i . : Other . -
+ Flow Elec Nat Gas Distillste Resid Petro. LPG . Coal . Steam Wood
Process Stsp MMTons Kwhiton MMBtu/ton MMBtu'ton MMBtu/ton MMBtuwiton MMBtu/ton MMBtu/ton MMBtu/ton MMBtu/ton
* Wood Preparation . 107.0 733 0.0 00 . 0.0 o0 o0 0.0 00 0.0
Puping ' - "
" Wasta Fibers 314 “351.70 00 0.0 0.0 0.0 " o0 .00 - 16 00 -
“Machanical 64 . 14840 00 0.0 © 00 0.0 00 - 0.0 08 0.0
SemlChemical  ~- 41 . 4103 00 00 0.0 0.0 00 .00, 6.0 0.0
Kratt - 531 " 4103 0.372 . 0.006 - . 0082 0.037 0.005 0008 128 0.280
- Bleaching - | 33.84 87.92 00 0.0 00’ " 00 00 - 00 64 00
Papemmaking; ’
gonvemng,‘and - . ! . . .
Misc. 760 488.93 0318 0.005 048 0008 0.011 0.001 75 0.010

Sourceé:_ Sources: Décision Analysis Corporation and ,All"thur 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, Manifacturing Consumption of Energy 1991, DOE/EIA-0512(91)(Washington, D.C.,

December 1994).

Note: Most of the wood byproduct and ali the pulping liquor byproduct is assumed to be consumed in the BSC.

Table D7. -Bulk Chemical lndustry UECs (Thousand Btu/1987$ Output)

Steam Use

) - Other
. . Elec NatGas Resid Dist. Petro. , LPG " Coal Steam
End-Use Flows : ‘ o N .
Electrolytic/Electro - T \ . - .
thermal Use - 0781 . 00 00 .00 00 00 - 00 0.0
Othér Electricity * - . - , o
1 Use 1844 00 - 00 .00 00. 00 00 0.0
Direct Fuel Use 00 4606 0.097 . 0.013 0.893 0007 0.052 0.0 -
Feedstock Use 00 3983 0.0 0.028 8221 10.581 0.044 0.0
- 0.0 0.0 - 0.0 0.0 00 00 0.0 6.391

Sources: Decision Analysis Corporation and Arthur D. Little lnc.; NEMS Industrial Mode!: Selected Process Flows -

Revised Final Report. Unpublished Report Prepared for Energy. Information Administration, (Vienna, VA; 1993); ~

updated using data in Energy Information Administration, Manufacturing Consumption of Energy 1991, DOE/EIA-

0512(91)(Washington, D.C., December 1994).

Note: Includes petrochemicél-feédstocks that are identified in SEDS, but notin MECS. - ‘
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 Table D8. Glass

and Glass Prddﬁct.lndﬁstry UEC (Erjergy Use/Ton of

Product)
 Residual ' Distillate -  Other
Flow Elec -Nat Gas _— . Petro.
Process Step MMtons - Kwh/ton. MMBtufton MMBtultqn _MMBtufton  MMBtufton
Batch ' ’ v ‘
Preparation 22.35 5669 . 00 0.0 0.0 0.0
Melting/Reﬁqing 21.33 190.50 5.37 0.092 0.011 10.037
Forming 20.06 252.05 1.34 . 0.02 0.003 0.01
Post—FormM 1649 - 67.41 1.86 0.09 0.004 0.01

* Sources: Decision Analysi

Process Flows and Energy

1994); updated using data i
DOE/EIA-0512(91)(Washington, DC, December 1994).

Table D9. Hydraulic Cement

s Corporation and Arthur D. Little Inc., NEMS Indt;st}ial Model: Update on.Selected

Use. Unpublished Report Prepared for Energy Information Administration,

n Energy Information Administration,

Industry UEC (Energy Use/Ton of

(Vienna, VA,
Manufacturing Consumption of Energy 1991,

- Product)
. , y Other
. Nat Gas Distillate Petro. Coal
. Flow Elec Resid MMBtw/ MMBtw/ MMBtw/
Process Step MMTons Kwh/ton MMBtu/ton -MMBtu/iton ton ton ton
Portland Cement L .
Wet Rrocess . 26.0 70.34 0.88. 0.02 10.02 0.46 5.77
Dry Process 44.0 64.48 0.55 0.01 0.01 0.29 297
Finish Grinding 73.9 67.41 . 0.0 0.0 0.0 . 00 0.0

Sources: Decision Analysis Co

Process Flows and Energy
April 28, 1994);

}poration and Arthur D. Little Inc., NEMS Industrial Modél: Update on Selected

Use. Unpublished Report Prepared for Energy Information Administration, (Vienna, VA,

updated using data in Energy Information Administration, Ma

1991, DOE/EIA-0512'(91)(Washington, DC, December 1994).

Energy Information Administration

nufacturing Consumption of Energy
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¢

Table D10. Blast Furnace and Basic Steel Products Industry UEC (Energy Use/Ton of

Product)
) - A - Waste -
' ) - P { . Naturaf » - Gas (b)
. Flow Electricity Steam . Coal Coke Gas Fuel Oit (a) | MMBtufto Misc
Procsess Step Mmtons Kwhiton MMBtulton MMBtufton | MMBtufon | MMBtu/ton | MMBtuton | n MME
Coke Ovens ) ?4.1 | 29.31 . 0. 80 38.6 . :0.02 , 0.0 -2.51 . =3.78
Iron and Stes! Making (4) . ' ‘ . . i .
Open Hearth/Blast Fumace 14 3224 | 0.77 0.06 5.70 - 4,50 ‘1.79 -1.34 0.10
Blast Fumace/BOF 527 58.62 1.28 0.44 11.40 1.04 - | 034 -2.00 ~0.05
Electric Arc Fumace 33.8 574.44 0.00 .0.00 - 0.40 -1 0.00 0.00 0.00
CastinglPr,i’rﬁary. Breakdown . - ‘
.Continuous Casting . 66.7 26.38 0.01 0.00 , '} 030 0.00 0.00 0.00
Ingot Casting/Primary 21.2 87.92 - 0.03 0.00 1.66 0.00 0.09 0.00
Rolling ) ' o ' '
Hot Rolling 82.3 102.58 . 0.02 0.00 250 1 0.02 0.09 0.00
Cold Rblling and Finishing - 28.3 231.54 1.61 0.00 1.75 0.05 0.44 0.00

’

(a) Energy values for coke "accounted for by coal used in coke ovens. The values shown are for illustration only
(b) The net waste products-are assumed to be consumed in the BSC. )
—{(c) Includes tar and pitch, light oils, and coks bresze.
- Sources: Decision Analysis Corporation and Arthur D. Little Inc., NEMS Industrial Mode!: Update on Selected Pracess Filows and Energy Use.

- Unpublished Report Prepared for Energy Information Administration, (Vienna, VA, 1994); updated using data in Energy Information
Administration, Manufacturing Consumption of Energy 1991, DOE{EIA-0512(91)(Washmgton, D.C., December 1994).

i

Table D11. Prlmary Alummum lndustry UEC (Energy UselT on of

o 'Product)
Flow » Elec Nat Gas
Process Step - " MMtons Kwh/ton MMBtu/ton
Alumina Smelting 4.54 15,240.3 5.97

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,

1894); updated using data in Energy Information Administration, Manufactunng Consumptlon of Energy 1991,

DOE/EIA-0512(91)(Washmgton, D.C., December 1994)
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Table D12. Regional Technology Shares

. Cen;us quioﬁ
Industry Technoloay | NE Mw | so | we | us
Paperand Alied  ° | b
Products
. Kratt (incl. Suliite) 6.0% | 50% |72.0% | 17.0% | 100%
__Semi-Chemical - 11.0% | 30.0% | 48.0% | 11.0% | 100%
- Mechanical 19.0% | 14.0% | 47.0% | 20.0% | -100%
Waste Fiber 18.0% | 31.0% | 34.0% | 17.0% | 100%
Hydraulic Cement L ‘ .
' " WetProcess .  17.3% | 26.6% | 43.0% | 13.1% | 100%
DryProcess | * 09% | 28.0% | 35.0% | 26.8% | 100%
Blast Fumace and | , '
Basic Steel Products
Electric Arc Fumace '23.\6% 36.1% | 31.6% | 87% | 100%
Basic Oxygen Fumace. |  10.5% | 69.5% 20.0% | 0.0% | ‘100%
Open Hearth 345% | 00% |362% | 203% | 100%
a ~__Coke Oven | 23.9% | 50.4% | 235% | 21% | 100%
Primary Aluminum ' ' - |
o | Smelters 7.0% | 157% | 43.3% | 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), . ’

Energy information Administration - - i
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‘Table D13.: Coefficients for Technology Possibility Curves

- - ( . . . N
NEMS Industrial Demand Model Documentation Report 1998

it ' Old Facilities __ New Facilities
Process Unit - RE!I 1991 | REI2015 | TPC® REI-1991 | REI2015 | TPC®
Food ' . : :
Direct Fuel 1.00 0.897 -0.004 ° 0.90 0.80 -0.004
Hot Water/Steam - 1.00 0922 0003 080 - . 080 -0.004
Refrigeration - 1.00 0947 0002 ~ 090 0.80 -0.004 "
Other Electric 1.00 0947 0002 090 08 -0.004
- Pulp & Paper | \ ) ) ‘
Wood Preparation 1.00 - Ao;sso - -0.003 0840 - 0.831 ~ -0.0004
Waste Pulping - 100 o974 0001 0930 0.885 -0.002
Mechanical Pulping 1,00 0944 0003 ° 0840° 0822 ©  -0.0009
Semi-Chemical 100 - 0.894 -0.006 0730  :0.697 -0.002
* Kraft, Sulfite +.1.00 0908 0005 © 0730 0.600 -0.008 /
. Bleaching 1.00 0.910 0005 0750 0.683 -0.004 -
Paper Making 1.00 0910 ;0005 ~ 0750 0560 -0.012
Bulk Chemicals o ’\
Direct Fuel 1.00 0.897 -0.004°°  0.90 080 . -0.004
Hot Water/Steam ' 100 0.922 -0.003. ° 0.90 0.80 -0.004
Electrolytic / 1.00 0.980 00008 090 0.80 - -0.004 -
Other Electric 1.00 0847 0002 090 0.0 0,004
'-Glassb ' ‘ 1 ' . ' . '
Batch Preparation 1,00 0957 | -0.002  0.882 082 0
 Melting/Refining 100 ' 0892 © -0006 0850 .0448  -0.027
Forming 100 082 0003 0818 0744 '-0.004
'Post Forming 1.00 0821 . --0.004  0.780 0.760 -0.001
. Cement ~ '
Dry Process 1.00 - 0982 A00009  0.790 0657 . -0.008
Wet Process® = ' 1.00 0954.  -0002 . NA  NA NA
Finish Grinding _ 1.00 0.943 -0.003 __ 0.813 0641 0010
B Energy Information Adminjstration
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“Table D13. Coefficients for Technology Possibility Curves

Industy? Old Facifities lNevb Facilities
Process Unit REI 1991 | REI2015 | TPC® REI 1991 | REI2015 | TPC®
Steel A '
" Coke Oven® 1.00 100 0 0.840 0.817 - -0.001
" BF/Open Hearth 1.00 - 1.00 0 NA NA ‘NA
iBF/Baéic Oxygen Fumace 1.00 ' 1.00 0 1.00 ) 0.9‘82 -0.0008
Elect}ic Arc Fumace ' - 1.00 1.00 0 0.960 0.960 0
Ingot Casting® 1.00 1.00 - Y _NA NA NA
-~ Continuous Casting 100 100 o 100 . 100 0
- Hot Rolling +1.00 0.698 -0.019 0.500 0.401 -0.009 -
Cold Rolling 1.00 0.877 = -0.007 0.840 0.488 -0.023
Numlnqm
Alumina Refinery 1.00- 0.965 -0.002 - = -0.900 0.865 -0.002
. Primary Aluminum 1.00 0.936 /'-0.003 0.910 0.812 -0.005
Semi-Fabrication 1.00 0855, 0008 0610 0506  -0.008
Secondary Aluminum 1.00 0.817 -0.011 0.510 -0.007

*TPC is the annual rate of change between 1991 and 2015. .
®REls apply to both virgin and recycled materials.
°No new plants are likely to be built that use these technologies.

0.600

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, April 28,

1994,

Table D14. Advaﬁced and State-of-the-Aft Technologies

Sector ~_Maijor Process Step _Technology
Pulp/Paper (S-O-A) Wood Preparation - Whole Tree Debarking/Chipping*
‘ Chip Screening Equipment* ‘

Pulp/Paper (S-O-A)

Chemical Pulping Tec_hnologies (Kraft, Continuous Digesters
Sulfite) .

Batch Digesters
Radar.Displacement Heating -
Sunds Defibrator Cold Blow and Extended Delignification
+EKONO's White Liquor Impregnation - ‘
Anthraquinone Pulping
Alkaline Sulfite Anthraquinone (ASOQ) and Neutral Sulfite
- Anthraquinone (NSAQ) Pulping
Tampella Recovery System i
Advanced Black Liquor Evaporator
-Process Controls System

: Energy Information Administration
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‘Table D14.” Advanced and Staté-of-the-Art Technologies . .

Technology

Sector Maior Process Step
Pulp/Paper (S-O-A) - Mechanical and Seml-Meohamcal
Technologies
P (o
Pulp/Paper (S-O-A) Semi-Chemical Technologies _
- Pulp/Paper (S-'O-A) i Waste Paper Pulping Technologies
Pulp/Paper (S-0-A) Bleachlng Oxygen Predellgnmcatlon
‘ -Technologies
Pulp/Paper (S-0-A) Papermaking Technologies * "
Pulp/Paper (Adv Tech) N Wood‘P_rebaration’
P,ulplPaper,(Adv Tech) ‘ . Chemical (Kraft/Sulf’it'e) Technologies
g
Pulp/Paper (Adv Tech) Mechanical Technologies
. - - . N . \
Pulp/Paper (Adv Tech) Se{ni-Chemical Technologies )
Pulp/Paper (Adv Te\ch) Bleaching Technologies

Papermaking Technologies

Pressurized Groundwood (PGW)

PGW-Plus ‘

Thermo-Refiner Mechanical Pulping

Heat Recovery in TMP*-

Cyclotherm System for Heat Recovery
Chemimechanical Pulping .
Chemi-Thermomechanical Pulping (CTMP)
Process Control System

See Chemical and Mechanical S-0-A technologles above
Advanced Pulping .. ‘

-Advanced Deinking
Oxygen Bleaching

Displacement Bleachfng
Bio-bleaching

. Extended Nip Press*

Hot Pressiﬁg .

IR Moisture Profiling*
Reduced Air Requirement*
‘Waste Heat Recovery*
Process Control System*®
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 controf, more efficient
electric

motors/drives, etc. We assumed REls to decrease by 0.5% per
year.

‘Non-Sulfur Chemlmechanlcal (NSCM) Pulpmg

Advanced Alcohol Pulplng

Biological Pulping

Ontario Paper Co. (OPCO) Process-

Black Liquor Concentration*

Black Liquor Heat Recovery *

Black Liquor Gasification* 5
Advanced Chemical/Thermal Treatment .
Non-Sulfur Chemimechanical (NSCM)

OPCO Process . ‘

Technology Introduction: 2005-2015 -
OPCO Process —~ -

NSCM Process '

Waste Pulping - lmprovements in steam use, computer control,
etc., assumed to decrease REl by 0.2% peryear.
Technology Introduction: 2005-2015

Ozone Bleaching

'NO2/02 Bleaching

Biobleaching

_Technology Introduction: 2005-2015

Pulp/Paper-(Adv Tech)

- 104
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Table D14 Advanced and State-of-the-Art Technologies

-Sector Ma|or Process Step - Technology . N

High-Consistency Forming*
Advances in Wet Pressing* : .

" Press Drying*
Impulse Drying*
Air Radio-Frequency-Assisted: (ARFA) Drying*
Glass (S-O-A) Batch Preparation TechnologieEs : ‘Computenzed Weighing, Mlxmg, and Chargmg .

Glass (S-0-A) Melting/Refining T echnologies . Chemical Boosting

<o " Oxygen Enriched Combustion Air* .
Automatic Tap Charging Transformers for Electric Melters
Sealed-in Bumer Systems*

Dual- Depth Melter-
Chumney Block Regenerator Refractones
Reductlon of Regenerator Air Leakage*
. - - Recupe‘rative Burmers*
Glass (S-0-A) Forming/Post-Forming,Technologieé Emhart Type 540 Forehearth
' EH-F 400 Series Forehearth
Forehearth High-Pressure Gas Firing System -

P

] . "Lightweighting
Glass (Advanced) - ) Batch Preparation Technologies No advanced technologles identified
Glass (Advanced) Melting/Refining Technologies : Technology Introduction: 1995-2010 -

Direct Coal Firing
Submerged Bumer Combustion
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*
Pressu;e Swing_Adsorption Oxygen Generator*
. . Hollow Fiber Membrane Air Separation Process* -
Glass (Advanced)' - ‘ Forming/Post-Forming Technologies Technology Introduction; 1995-2010
, Mold Design* '
Mold Cooling Systems
Automatic Gob Control ,
Improved Glass Strengthening Techniques*
’ . - Improved Protective Coatings*
Cement (S-0-A) , Dry Process Technologies Roller Mills*
! ' ' ' High-Etficiency Classifiers*
Grinding Media and Mill Linings*
Waste Heat Drying*
Kiln Feed Slurry Dewatering*
Dry-Preheater/Precalciner Kilns
Kiln Radiation and Infiltration Losses*

Kiln Intemal Efffciency Enhancement*

i
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Table' D14. Advanced and State-of-the-Art Technologies

Technology

Imports-Finish Grinding Teéhnologies

‘Waste Fuels*

- Controlled Particle Size Distribution Cement

High-Pressure Roller Press ‘
Finish Mill Intemals, Conflguratlon, and Operation
Gnndmg Aids*

High-Efficiency Classmers

Controlled Particle Size Distribution Cement‘

“High Pressure Roller Press

Sector ~ Major Process Step
Cement (S-O-A)
Cement (Advanced)

Cement (Advanced)

Iron & Steel (S-0-A)

fron & Steel (S-0-A)
N .

Dry Process Technologies

Roller Milis* : N
Finish Mill Intemals, Cont" iguration, and Operation
Gnndmg Aids*

Technology Introduction: 1997-2013 -
Autogenous Mills:
-Differential Grinding .- S

. Sensors and Controls*

Imports-Finish Grinding

Cokemaking Technologies ‘

’ Ironmaking Technologies

l

r

" Fluidized-Bed Drying

Stationary Clinkering Systems -

All-Electric Kilns .

Sensors for.On-Line Analysis*

Advanced Kiln Controi*

Catalyzed, Low-Temperéture Calcination - -
Alkali Specnflcatlon Modmcatlon

Cone Crushers '

Advanced (Non-MechamcaI) Comminution
Modifying Fineness Specifications*

" - Blended Cements*

Advanceq YVaste Combustion

Sensors and Controls*

Cone Crushers* -

Advanced (Non-Mechanical) Comminution
Modifying l_éineness Specifications* ‘
Blended Cements*

Dry Quenching of Coke*

Carbonization Control

Programmed Heating

- Wet Quenching of Coke with Energy Recovery*
. Sensible Heat Recovery of Off-Gases*

Blast Furnace

Coal Injection* - -

Water-Cooling 9

Movable Throat Armor

Top Gas Pressure Recovery*
Hot Stove Waste Heat Recovery*

- Insulation of Cold Blast Main*.

‘ Récoverfr of BF Gas Released During Charging

106

__Slag Waste Heat Recovery*™
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Table D14. Advanced and State-of-the-Art Technologies

Sector

_Maijor Process Step

Technology

Ion & Steel (5-0-A)

Iron & Steel (S-0-A)

Iron & Steel (S-0-A)

Steelmaking Technologies

- Steelcasting Technologies

Steelfonning\(Rolling) Technologies

Paul Wurth Top*

External Desulfunzatlon mjectlon of calclum carbide or
mag-coke as a desulfunzmg reagent* .

Midrex/HBI

. Basic Oxygen Fumnace

Gas Recovety in Combination with Sensible Heat Recbvery”

. Two working vessels concept*

Combined Top and Bottom Oxygen Blowmg .
In-Process Control (Dynamic) of Temp and Carbon Content‘
Electric Arc Fumace

DC Arc Fumaces*

Uitra-High Power (UHP)*

Computerization* -

Bottom Tap Vessels* ) :
Water-Cooled Fumace Panels and Top*

Water-Cooled Electrode Sections*

Oxy-Fuel Bumers*

Long Arc Foamy Slag Practice*

: Material Handling Practices*

Induction Fumnaces*

_Energy Optimizing Fumaces*

Scrap-Preheating*

Ladle Drying and Preheating*

Injection Steelmaking (ladle metallurgy)
Vacuum Ar¢ Decarbunzatlon

Argon Stirring

" Specialty Steelmaking Processes

Electroslag Remelting (ESR)*
Argon-Oxygen Decarburization (AOD)*
Vacuum Induction Melting (VIM)*
Electron Beam Melting (EBM)*
Vacuum Arc Remelting (VAR)* .
Modern Casters* -

Thin Slab Casting

Slab Heat Recovery*

Soaking Pit Utilization and Pit.Vacant Time*
Hot'Charging '

Preheating Furnaces

-Improved Insulation*

Waste Heat Recovery and Air Preheating*
Waste Heat Recovery and Fuel Gas Preheating*
Increased Length of the Preheating Furnace
Waste Heat Boilers

Evaporative Cooling of Fumnace Sklds

Direct Rolling

Leveling Furnace®

The Coil Box*

Energy Information Administration -
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Table D14. Advanced and State-of-the-Art Technologles

Sector

Technology

Iron & Steel (Advanced
] Technolpgies)

fron & Steel (Advanced’

Technologies)

Iron & Steel (Advanced -

Technologies)

Iron & Steel (Advanced

Technologies)

-

iron & Steel (Advanced
Technologies)

Aluminum (S-O-A)
Aluminum (S-O—A)

Aluminum (S-O-A)

e

Maijor Process Step

1
A

Ironmaking Technologies

Direct Steelmaking Technologies

Steelmaking Technologies

-

Steelcasting 'I:ecfmologies

Hot/Cold Rolling

Aiumina Refining Technologies

Primary Aluminum Te‘chnoiogies* )

Covered Delay Table*

", Pickling - Insulated Floats"

Annealmg
Air Preheatmg'
Fuel Gas Preheating

" Combustion Control* |

Continuous Annealing
Continuous Cold Rolling ‘
PLASMARED . ‘ o j

COREX -

. Direct tron Ore Smeltmg (AISI)

HiSmelt o

Fastmet:

Iron Carbide Route

Iron Ore Reductlon/Steelmakmg (AlSl)
PLASMAMELT

INRED

ELRED

Foster Wheeler-Tetromcs Expanded Processwe Plasma
Process . T

'Scrap Preheatmg

Energy Optlmlzmg Fumace (EOF) -

‘Modern Electric Arc Fumace with Contmuous Chargmg/Scrap

Preheating

Modem Basxc Oxygen Fumace
Injection of Carbonaceous Fuels
Increased Scrap Use

Ladle Drying and Preheating*

Injection Steelmaking

Horizontal Continuous Caster*

Near Net Shapecasting*
Direct Strip Casting* . . L

" Ultra Thin Strip Casting*

Spray Casting
Direct Rolling

Continuous Cold Rolliné and Finishing -
In-Line Melting/Rolling '
Advanced Cdating

Advanced Dlgesters

Heat Recovery

" Advanced Cells

New Cathodes*

108
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Table D14. Advanced and State-of-the-Art Technologies

. Sector Maijor Process Step Technology
, . . ‘ L Electromagnetic Casting
Aluminum (S-0-A) = - ' Secondary Aluminum Technologies ~ Induction Melting _
) Advanced Melting
Aluminum (Advanced) Alumina Refining Technologies . Retrofit of S-O-A Technologies
Aluminum (Advanced) Primary Aluminum Technologies Technology Introduction: 2003-2023
. \ S Carbothermic Reduction '
’ " Inert Anodes* . xa
Bipolar Cell Technology
: " Wettable Cathodes*
- Aluminum (Advanced) - Semi-Fabrication Téchnologies Technology Introduction \
' . ‘ " New Melting Technology*
) . Preheaters*
Aluminum (Advanced) Secondary Aluminum Technologies Technology Introduction ]
‘ . : " . New Melting Technology (submerged radiant bumers)
Preheaters* ’
: Heat Recovery Technology
* Suitable for retrofit. -

NOTE: Many advanced technologies in the Blast Furnace and Basic Steel Products Industry are more energy intensive -
than their predecessors. Thus it is expected that these new technologies will not fully replace the old ones, but rather
provide enhancement particularly for high quality steels. Other advantages include accelerated reaction rates, reduced
reactor volume and residence time, lower capital investment,-and higher scrap use. :

Source: Decision Analysis Corporation of Virginia and Arthur D. Litﬂé, Industrial Model: Selected Process Flows Revised
Final Report, (prepared for EIA) 1993, . : .
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Table D15 Changes in Fractlonal Energy Shares A . ,
Old Plant "~ New Plant

, , - o " 1988 2015 1988 2015
CEMENT . T , ) - . _ : C
- wet process: electric . > ) 0.11 0.11 NA ° .NA
- wet process: direct fuels (1) o T . . 0.89 0.89 . NA " NA
" - dry process: electric | ... o009 009 . o047 o021
- dry process: direct fuels (1) - LT . 091  091- . 083 0.79 .
IRON AND STEEL o L o . S
- EAF: electric - ' g - - 1.0 0.72 096 - 044
- EAF: direct fuels (2) - S R I -0.28-. ..0.04 :0.56
~ -ColdRolling: electric S 017 ° 0147 - 020 021
- - Cold Rolling: steam [ , ) , 035. 035 0.41 0.47
. - Cold Rolling; direct ) ' _ . + 0.48 0.48 0.39 . 0.32
" - Iron and Steel Making (BF/BOF): electric . 001 001 002 002
- Iron and Steel Making (BF/BOF): steam .+ 008 - 0.08 - (3) (3)
- Iron and Steel Making (BF/BOF): naturalgas - ' - . 0.06 0.26 © 0.09 0.09
_ =Iron and Steel Making (BF/BOF): steam coal - L 0.06- 0.06 0.07- 0.36
- Iron and Steel Making (BF/BOF): coke - i . -0.77 0.57 -0 0.53
- Iron and Steel Making (BF/BOF): fuel oil . ‘ L 0.02 T 0.02 -082 0
OTHER SECTORS . Sl @ . (6 5)

(1) Predominantly coal
(2) Predominantly natural gas ‘
(3) Blast Furnace/Basic Oxygen Furnace (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 approxmatlon, remain unchanged (b=0) :
Sources: Decision Analysis Corporation and Arthur D. Little Iic., NEMS Industrial Model: Update on Selected Process Flows and
Energy Use. Unpublished Report Prepared for Energy Information Administration, (Vienna, VA, 1994).
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Table D16. Logit Function Parameters for Esti'matihg Boiler Fuel Shares

Industry Alpha |. Natural ' SteamCoal’ | oil
' ' ‘ . Gas A ~ - '
Food ................ -0.25 060 - - . 0.26 ' 0.13 -
Paper and Allied - . N
Products'............. -0.25 " 047 034 0.20
Bulk Chemicals .. .... .~ 025 069 18 ' 013
Glass and Glass ‘ : :
Products ............. © -0.25 0.97 0.0 - 0.03
Cement.............. 025 00 . 0.0 1.0 -
Steel ............ DO -0.25 0.57 " - 0.22 _ 0.22
Aluminum ............ -0.25 0.79 . : 0.0 - 0.21
Based Durables ....... -0.25 - .0.58 . 0.27 . , 0.16
Other Non-Int MFG. ... .. -0.25 0.63 . 0.23 0.14, -

Source: Energy Information Adminigtration; Office of Integrated Analysis and Forecasting.

Table D17. Cogeneration Regression .

Generation

--LNGENK = -2.799 + 0.960 x LNSTEAM
Std.Err. ~ (0.325) (0.081)
T-Statistic  -8.605  11.795

SystemWeighted R? = 0.691

~e
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Table D18. Retlrement Rates

Retlrement Rate. . " . |. RetirementRate
Industry ™ (percent) . Industry (percent)
Food and Kindred o : . i
Products ............ S I AR Blast Fumace and - 1.5
: e . ' Basic Steel Products . . ,
7 -(Electric Arc Fumace)
Pulp and Paper L © . 23 . Coke Oyens 15
Bilk Chemicals . 23 Other Steel , 29

’ Glass and Glass

Blast Furnace and Basic , 1.3
Steel Products (Blast Products ... Tt ' o
Ftrmace/Open Hearth) - 50.0 //Hydrauliv ¢ Cement .. | 1.2
Blast Fumace and Basic . Primary Aluminum .. 54 .
Steel Products (Blast o X : o
Furnace/Basic Oxygen® = . | ‘ Metals-Based © 45
Furnace) ............ 10 - ° -.Durables Ceeeranans N
Other MFG ........ 23,

-

Source U.S. Department of Commerce, Bureau of the Census, Survey of Plant Capacity, unpubllshed data and Energy
Information Admlnlstratton Offlce of Integrated Analysis and Forecastmg

~

t .

Table D19. Recycling .

Sector S " Estimate for -| Projected for ’
L 1991, - 2015
Paper and Allied Products (waste pulping) . 24% | 8%
Blast Furnace and Basic Steel Products (scrap meltrng - 37% 50%
in electric arc furnace) : : " :

Source: Decision Analysis Corporation and Arthur D. thtle Inc., NEMS Industrial Model: Update on Selected Process
Flows and Energy Use. Unpublished Report Prepared for Energy Information Administration, (Vienna, VA, 1994).
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