
The In dus trial De mand Mod ule (IDM) pro jects energy
con sump tion for fu els and feedstocks for fif teen man u -
fac tur ing in dus tries and six nonmanufacturing in dus -
tries, sub ject to de liv ered prices of en ergy and
macroeconomic variables representing the value of
shipments for each industry. The module includes
electricity generated through Com bined Heat and
Power (CHP) systems that is either used in the
industrial sector or sold to the electricity grid. The IDM
structure is shown in Figure 7.

In dus trial en ergy de mand is pro jected as a combination 
of “bot tom up” char ac ter iza tions of the en ergy-us ing
technology and “top down” econometric estimates of
behavior. The influence of energy prices on industrial
energy consumption is modeled in terms of the
efficiency of use of existing capital, the efficiency of new 
capital acquisitions, and the mix of fuels utilized, given
existing capital stocks. Energy conservation from
technological change is represented over time by
trend-based “technology possibility curves.” These
curves represent the aggregate efficiency of all new
technologies that are likely to penetrate the future
markets as well as the aggregate improvement in
efficiency of 2002 technology.

IDM in cor po rates three ma jor in dus try cat e go ries: en -
ergy-in ten sive  man u fac tur ing  in dus tries, non-en -
ergy-in ten sive  man u fac tur ing  in dus tries, and
nonmanufacturing in dus tries (see Ta ble 6). The level
and type of mod el ing and de tail is dif fer ent for each.
Man u fac tur ing disaggregation is at the 3-digit North 
Amer i can  In dus trial  Clas si fi ca tion  Sys tem (NAICS)
level, with some fur ther disaggregation of large and en -
ergy-in ten sive in dus tries. Detailed in dus tries in clude
food, pa per, chem i cals, glass, ce ment, steel, and
aluminum. En ergy prod uct de mands are cal cu lated in -
de pend ently for each industry.

Each in dus try is mod eled (where ap pro pri ate) as three 
in ter re lated  com po nents:  build ings (BLD), boil -
ers/steam/cogeneration (BSC),  and  pro cess/as sem -
bly (PA) ac tiv i ties. Build ings are es ti mated to ac count
for 4 per cent of en ergy con sump tion in manufacturing 

in dus tries (in  nonmanufacturing  in dus tries, build ing
en ergy con sump tion is not cur rently cal cu lated).

Con se quently,  IDM  uses  a  sim ple  mod el ing 
approach for the BLD com po nent. En ergy con sump tion 
in in dus trial build ings is as sumed to grow at the same
rate as the av er age growth rate of em ploy ment and out -
put in that in dus try.  The BSC com po nent con sumes
en ergy to meet the steam de mands from and pro vide
in ter nally gen er ated elec tric ity to the other two com po -
nents.  The boiler com po nent con sumes by-prod uct fu -
els and fos sil fu els to pro duce steam, which is passed
to the PA and BLD com po nents.
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IDM Outputs Inputs from NEMS Exogenous Inputs

En ergy de mand by ser vice and fuel type
Elec tric ity sales to grid
Cogeneration out put and fuel consumption

En ergy prod uct prices
Eco nomic out put by in dus try
Re fin ery fuel con sump tion
Lease and plant fuel con sump tion
Cogeneration from re fin er ies and oil and gas
   pro duc tion

Pro duc tion stages in en ergy-in ten sive in dus tries
Tech nol ogy pos si bil ity curves
Unit en ergy con sump tion of out puts
Cap i tal stock re tire ment rates

Energy-Intensive
Manufacturing

Nonmanufacturing
Industries

Food and Kindred Products 
   (NAICS 311)

Agricultural Production - Crops 
(NAICS 111)

Paper and Allied Products 
   (NAICS 322)

Other Agriculture including 
   Livestock (NAICS 112-115)

Bulk Chemicals (NAICS 325) Coal Mining (NAICS 2121)

Glass and Glass Products 
   (NAICS 3272)

Oil and Gas Extraction
    (NAICS 211)

Hydraulic Cement
   (NAICS 32731)

Metal and Other Nonmetallic   
   Mining (NAICS 2122-2123)

Blast Furnaces and Basic Steel
   (NAICS 331111)

Construction (NAICS 233-235)

Aluminum (NAICS 3313)

Nonenergy-Intensive
Manufacturing

Metals-Based Durables
  (NAICS 332-336)

Other Manufacturing
   (all remaining manufacturing
NAICS)

NAICS = North American Industry Classification System

Table 6. Eco nomic Subsectors Within the IDM



IDM mod els “tra di tional” CHP based on steam de mand
from the BLD and the PA com po nents. The “non-tra di -
tional” CHP units are rep re sented in the elec tric ity mar -
ket mod ule since these  units  are  mainly  grid-serv ing, 
elec tricity-price-driven entities.

CHP ca pac ity, gen er a tion, and fuel use are cal cu lated
from ex og e nous data on ex ist ing and planned ca pac ity
ad di tions and new ad di tions de ter mined from an en gi -
neer ing and eco nomic eval u a tion. Existing CHP ca pac -
ity and planned ad di tions are derived from Form
EIA-860, “An nual Elec tric Generator  Re port,”  for merly  
Form  EIA-867, “An nual Nonutility Power Pro ducer Re -
port.” Existing CHP ca pac ity is as sumed to re main in

ser vice through out the pro jec tion or, equiv a lently, to be
re fur bished or re placed with sim i lar units of equal
capacity.

Cal cu la tion of un planned CHP ca pac ity ad di tions be -
gins in 2009. Mod el ing of un planned ca pac ity ad di tions
is done in two parts: bio mass-fu eled and fossil-fu eled.
Bio mass CHP ca pac ity is as sumed to be added to the
ex tent pos si ble as ad di tional bio mass waste prod ucts
are pro duced, pri mar ily in the pulp and pa per in dus try. 
The amount of bio mass CHP ca pac ity added is equal to 
the quan tity of new bio mass avail able (in Btu), divided
by the to tal heat rate from bio mass steam tur bine CHP.
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Unit Energy Consumption
  by Industry,

Production Stage Information
  for Energy-Intensive Industries,

Technology Possibility Curves,
Stock Retirement Rates
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Fig ure 7. In dus trial De mand Mod ule Structure



It is as sumed that the tech ni cal po ten tial for fos sil-fuel
source CHP is based pri mar ily on sup ply ing ther mal re -
quire ments. First, the model as sesses the amount of ca -
pac ity that could be added to gen er ate the in dus trial
steam re quire ments not met by ex isting CHP. The sec -
ond step is an eco nomic eval u a tion of gas tur bine pro to -
types for each steam load segment. Fi nally, CHP
ad di tions are pro jected based on a range of acceptable
payback periods.

The PA com po nent ac counts for the larg est share of di -
rect en ergy con sump tion for heat and power, 55 per -
cent. For the seven most en ergy-in ten sive industries,
pro cess steps or end uses are mod eled us ing engineering
con cepts. The pro duc tion pro cess is decomposed into the
ma jor steps, and the en ergy re la tion ships among the
steps are spec i fied.

The en ergy in ten si ties of the pro cess steps or end uses
vary over time, both for ex ist ing tech nol ogy and for tech nol -
o gies ex pected to be adopted in the fu ture. In IDM, this
vari a tion is based on en gi neer ing judgement and is re -
flected in the pa ram e ters of tech nol ogy pos si bil ity curves,
which show the de clin ing en ergy in ten sity of ex ist ing and 
new cap i tal rel a tive to the 2002 stock.

IDM uses “tech nol ogy bun dles” to char ac ter ize
technological change in the en ergy-in ten sive in dus tries.

These bun dles are de fined for each pro duc tion process 
step for five of the in dus tries and for end uses in the
remaining two en ergy-in ten sive in dus tries. The pro cess
step in dus tries are pulp and pa per, glass, ce ment, steel,
and alu mi num. The end-use in dus tries are food and bulk
chem i cals (see Ta ble 7).

Ma chine drive elec tric ity con sump tion in the food, bulk
chem i cals, metal-based durables, and bal ance of man u -
fac tur ing sec tors is cal cu lated by a mo tor stock model.
The be gin ning stock of mo tors is modified over the pro jec -
tion ho ri zon as mo tors are added to ac com mo date
growth in ship ments for each sec tor, as mo tors are re -
tired and re placed, and as failed motors are re wound. 
When a new mo tor is added, either to ac com mo date
growth or as a re place ment, an eco nomic choice is made
be tween pur chas ing a mo tor that meets the EPACT min i -
mum for ef fi ciency or a pre mium ef fi ciency mo tor.  There
are seven mo tor size groups in each of the four in dus -
tries.   The EPACT ef fi ciency stan dards only ap ply to
the five small est groups (up to 200 horse power). As the
motor stock changes over the pro jec tion ho ri zon, the
overall ef fi ciency of the mo tor pop u la tion changes as
well.

The Unit En ergy Con sump tion (UEC) is de fined as the
energy use per ton of through put at a pro cess step or as
en ergy use per dol lar of ship ments for the end-use
industries. The “Ex ist ing UEC” is the cur rent av er age in -
stalled in ten sity as of 2002. The “New 2002 UEC” is the
in ten sity as sumed to pre vail for a new installation in 2002.
Sim i larly, the “New 2030 UEC” is the in ten sity ex pected to 
pre vail for a new in stal la tion in 2030. For in ter ven ing
years, the in ten sity is interpolated.

The rate at which the av er age in ten sity de clines is de -
ter mined by the rate and tim ing of new ad di tions to ca pac -
ity. In IDM, the rate and tim ing of new additions are
func tions of re tire ment rates and in dus try growth rates.

IDM uses a vintaged cap i tal stock ac count ing frame work
that mod els en ergy use in new ad di tions to the stock and
in the ex ist ing stock. This cap i tal stock is rep re sented as
the ag gre gate vin tage of all plants built within an in dus try
and does not im ply the inclusion of spe cific tech nol o gies
or cap i tal equip ment.

The cap i tal stock is grouped into three vin tages: old, mid -
dle, and new. The old vin tage con sists of cap i tal in pro -
duc tion prior to 2002, which is as sumed to retire at a fixed
rate each year. Mid dle-vin tage cap i tal is that added af ter
2002. New pro duc tion ca pac ity is built in the pro jec tion
years when the capacity of the existing stock of capital in
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End Use Characterization

Food: direct fuel, hot water/steam, refrigeration, and other
energy uses.

Bulk Chemicals: direct fuel, hot water/steam, electrotytic, and
other energy uses.

Process Step characterization

Pulp and Paper: wood preparation, waste pulping, mechanical
pulping, semi-chemical pulping, kraft pulping, bleaching, and
paper making.

Glass: batch preparation, melting/refining, and forming.

Cement: dry process clinker, wet process clinker, and finish
grinding.

Steel: coke oven, open hearth steel making, basic oxygen
furnace steel making, electric arc furnace steel making, ingot
casting, continuous casting, hot rolling, and cold rolling.

Aluminum: primary and secondary (scrap) aluminum smelting,
semi-fabrication (e.g. sheet, wire, etc.).

Table 7. Fuel-Con sum ing Ac tiv i ties for the En ergy-In ten sive 
Man u fac tur ing Subsectors



IDM cannot produce the output pro jected by the NEMS
regional submodule of the macroeconomic activity
module. Capital additions during the pro jec tion ho ri zon
are retired in subsequent years at the same rate as the
pre-2002 capital stock.

The en ergy-in ten sive and/or large en ergy-consuming
in dus tries are mod eled with a struc ture that explicitly de -
scribes the ma jor pro cess flows or “stages of pro duc tion” 
in the in dus try (some in dus tries have ma jor con sum ing
uses).

Tech nol ogy pen e tra tion at the level of ma jor proces ses
in each in dus try is based on a tech nol ogy penetration
curve re la tion ship. A sec ond re la tion ship can pro vide
ad di tional en ergy con ser va tion re sult ing from in creases in

rel a tive en ergy prices.  Ma jor process choices (where
ap pli ca ble) are de ter mined by industry pro duc tion, spe cific 
pro cess flows, and ex og e nous as sump tions.  

Re cy cling, waste prod ucts, and by prod uct con sump tion
are mod eled us ing pa ram e ters based on off-line anal y sis
and as sump tions about the man u fac tur ing pro cesses or
tech nol o gies ap plied within in dus try. These anal y ses
and as sump tions are mainly based upon en vi ron men -
tal reg u la tions such as gov ern ment re quire ments about
the share of re cy cled pa per used in of fices. IDM also ac -
counts for trends within industry to ward the pro duc tion of
more spe cial ized products such as spe cial ized steel
which can be pro duced us ing scrap ma te rial ver sus raw
iron ore. 
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