
The com mer cial de mand mod ule (CDM) pro jects
energy consumption by Census division for eight
marketed energy sources plus solar, wind, and
geothermal energy. For the three major commercial
sector fuels, electricity, natural gas and distillate oil,
CDM is a structural model and the pro jec tions are built
up from the stock of commercial floorspace and
energy-consuming  equipment. For the remaining five 
marketed  minor  fuels,  simple  econometric projections
are made.

The com mer cial sec tor en com passes busi ness
establishments that are not en gaged in in dus trial or
trans por ta tion ac tiv i ties. Com mer cial sec tor en ergy is
con sumed mainly in build ings, ex cept for a relatively
small amount for ser vices such as street lights and wa ter
sup ply. CDM in cor po rates the ef fects of four
broadly-de fined de ter mi nants of en ergy consumption:
eco nomic and de mo graph ics, struc tural, tech nol ogy
turn over and change, and en ergy mar kets. De mo -
graphic ef fects in clude to tal floorspace, build ing type
and lo ca tion. Struc tural ef fects in clude changes in the mix
of de sired end-use ser vices pro vided by en ergy (such
as the pen e tra tion of telecommunications equip ment,
per sonal com put ers and other of fice equip ment). Tech -
nol ogy ef fects in clude changes in the stock of in stalled
equip ment caused by the nor mal turn over of old, worn out 
equip ment to newer ver sions that tend to be more en -
ergy ef fi cient, the in te grated ef fects of equip ment and
building shell (in su la tion level) in new con struc tion, and
the pro jected avail abil ity of equip ment with even greater 
en ergy-ef fi ciency. En ergy mar ket ef fects include the
short-run ef fects of en ergy prices on energy  de mands,  
the  lon ger-run  ef fects  of  en ergy prices on the ef fi -
ciency of pur chased equip ment, and lim i ta tions on min i -
mum lev els of ef fi ciency im posed by leg is lated ef fi ciency
stan dards. The model structure car ries out a se quence
of five ba sic steps, as shown in Fig ure 6. The first step
is to pro ject commercial sec tor floorspace. The sec ond
step is to pro ject the en ergy ser vices (space heat ing,
light ing, etc.) re quired by the pro jected floorspace. The
third step is to pro ject the elec tric ity gen er a tion and wa ter
and space heat ing sup plied by dis trib uted gen eration and
com bined heat and power (CHP) technologies. The

fourth step is to se lect spe cific tech nol o gies (nat u ral gas
fur naces, flu o res cent lights, etc.) to meet the de mand for 
en ergy ser vices. The last step is to de ter mine how much
en ergy will be con sumed by the equip ment cho sen to
meet the de mand for en ergy ser vices.

Floorspace Submodule

The base stock of com mer cial floorspace by Cen sus di -
vi sion and build ing type is de rived from EIA’s 2003
Com mer cial Build ings En ergy Con sump tion Sur vey
(CBECS). CDM re ceives pro jec tions of to tal floorspace
by build ing type and Cen sus di vi sion from the
macroeconomic ac tiv ity mod ule (MAM) based on IHS
Global In sight, Inc. def i ni tions of the com mer cial sec tor.
These pro jec tions em body both economic  and  de mo -
graphic  ef fects  on  com mer cial floorspace.  Since  the 
def i ni tion  of  com mer cial floorspace from IHS Global In -
sight, Inc. is not cal i brated to CBECS, CDM es ti mates the
sur viv ing floorspace from the pre vi ous year and then
cal i brates its new con struc tion  so  that  growth  in  to tal 
floorspace matches that from MAM by build ing type and
Census division.

CDM mod els com mer cial floorspace for the fol low ing 11
build ing types:

•  As sem bly

•  Ed u ca tion

•  Food sales

•  Food ser vice

•  Health care

•  Lodg ing

•  Of fice-large

•  Of fice-small

•  Mer can tile and ser vice

•  Ware house

•  Other
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CDM Outputs Inputs from NEMS Exogenous Inputs

En ergy de mand by ser vice and fuel type
Changes in floorspace and ap pli ance stocks

En ergy prod uct prices
In ter est rates
Floorspace growth

Ex ist ing com mer cial floorspace
Floorspace sur vival rates
Ap pli ance stocks and sur vival
New  ap pli ance types, ef fi cien cies, costs
En ergy use intensities
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Fig ure 6. Com mer cial De mand Mod ule Structure



Energy Service Demand Submodule

En ergy con sump tion is de rived from the de mand for en -
ergy ser vices. So the next step is to pro ject  en ergy ser vice 
de mands for the pro jected floorspace.  CDM mod els 
ser vice  de mands  for  the  fol low ing  ten end-use
services:

•  Heat ing

•  Cool ing

•  Ven ti la tion

•  Wa ter heat ing

•  Light ing

•  Cook ing

•  Re frig er a tion

•  Of fice equip ment per sonal com puter

•  Of fice equip ment other

•  Other end uses.

Dif fer ent build ing types re quire unique combinations of
en ergy ser vices. A hos pi tal must have more light than a
ware house. An of fice build ing in the North east re quires
more heat ing than one in the South. To tal ser vice de -
mand for any ser vice de pends on the floorspace, type,
and lo ca tion of build ings. Base ser vice de mand by end
use by build ing type and Cen sus di vi sion is de rived from
es ti mates de vel oped from CBECS en ergy con sump tion
data. Pro jected ser vice de mands are ad justed for trends in 
new con struc tion based on CBECS data con cern ing re -
cent construction.

Distributed Generation and CHP Submodule

Com mer cial  con sum ers  may  de cide  to  pur chase
equip ment to gen er ate elec tric ity (and per haps pro vide
heat as well) rather than de pend on pur chased elec tric ity
to ful fill all of their elec tric power re quirements. The third
step of the com mer cial module struc ture is to pro ject elec -
tric ity gen er a tion, fuel con sump tion, wa ter heat ing, and
space heat ing sup plied by eleven dis trib uted gen er a tion
and CHP tech nol o gies. The tech nol o gies char ac ter ized
in clude: pho to vol taic so lar sys tems, wind tur bines, nat u -
ral gas  fuel cells, re cip ro cat ing en gines, tur bines and
microturbines, die sel en gine, coal-fired CHP, and mu nic -
i pal solid waste, wood, and hy dro elec tric gen er a tors.

Ex ist ing elec tric ity gen er a tion by CHP tech nol o gies is de -
rived from his tor i cal data con tained in the most re cent
year’s ver sion of Form EIA-860,  An nual Elec tric Gen -
er a tor Re port.  The estimated units form the in stalled

base of CHP equipment that is car ried for ward into fu -
ture years and sup ple mented with any ad di tions.
Proven in stal la tions of so lar pho to vol taic systems, wind
tur bines and fuel cells are also in cluded based on
information from the De part ments of En ergy and
Defense. For years fol low ing the base year, an
endogenous pro jec tion of dis trib uted gen er a tion and
CHP is de vel oped based on the eco nomic re turns pro -
jected for dis trib uted gen er a tion tech nol o gies. A de -
tailed dis counted cash-flow ap proach is used to
es ti mate the in ter nal rate of re turn for an in vest ment. The 
cal cu la tions in clude the an nual costs (down pay ments,
loan pay ments, main te nance costs, and fuel costs) and
re turns (tax de duc tions, tax credits, and en ergy cost sav -
ings) from the in vest ment cov er ing a 30-year pe riod
from the time of the invest ment de ci sion. Pen e tra tion of
these tech nol o gies is a func tion of how quickly an in vest -
ment in a technology is es ti mated to re coup its flow of
costs. In terms of NEMS pro jec tions, in vest ments in
distributed gen er a tion re duce pur chases of elec tric ity.
Fuel con sum ing tech nol o gies also gen er ate waste heat 
that is as sumed to be par tially cap tured and used to off -
set com mer cial wa ter heat ing and space heating en ergy
use.

Equip ment Choice Submodule

Once ser vice de mands are pro jected, the next step is to
de fine the type and ef fi ciency of equip ment that will be
used to sat isfy the de mands. The bulk of equip ment re -
quired to meet ser vice de mand will carry over from the
equip ment stock of the pre vi ous model year. How ever,
equip ment must al ways be pur chased to sat isfy ser vice 
de mand for new construction. It must also be pur -
chased to re place equip ment that has ei ther worn out

(re place ment equip ment) or reached the end of its eco -
nom i cally use ful life (retrofit equip ment). For re quired
equip ment re placements, CDM uses a con stant de cay
rate based on equip ment life. A tech nol ogy will be retro fit -
ted only if the com bined an nual op er at ing and main te -
nance costs plus an nu al ized cap i tal costs of a po ten tial 
tech nol ogy are lower than the an nual operating and
maintenance costs of an existing technology.

Equip ment choices are made based on a com par i son of
an nu al ized cap i tal and op er at ing and maintenance
costs across all al low able equip ment for a particular
end-use ser vice. In or der to add in er tia to the equip ment
choices, only sub sets of the to tal menu of po ten tially
avail able equip ment may be al lowed for de fined mar ket
seg ments. For ex am ple, only 7 percent of floorspace in
large of fice build ings may consider all avail able equip -
ment us ing any fuel or technology when mak ing space
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heat ing equip ment replace ment de ci sions. A sec ond
seg ment equal to 31 per cent of floorspace, must se lect
from tech nol o gies us ing the same fuel as al ready in -
stalled. A third segment, the remaining 62 percent of
floorspace, is constrained to consider only different
efficiency levels of the same fuel and technology already
installed. For light ing and refrigeration, all replacement
choices are limited to the same tech nol ogy class, where
technologies are broadly defined to encompass the prin -
ci pal competing tech nol o gies for a par tic u lar ap pli ca tion.
For ex am ple, a com mer cial ice maker may re place an -
other ice maker, but may not re place a re frig er ated vend -
ing ma chine.

When com put ing an nu al ized costs to de ter mine equip -
ment choices, com mer cial floorspace is segmented by
what are re ferred to as hur dle rates or implicit dis count
rates (to dis tin guish them from the gen er ally lower and
more com mon no tion of fi nan cial dis count rates). Seven
seg ments are used to sim u late con sumer be hav ior when
pur chas ing com mer cial equip ment. The seg ments range
from rates as low as the 10-year  Trea sury  bond  rate  to 
rates  high enough to guarantee that only equipment
with the lowest capital cost (and least efficiency) is chosen. 
As real energy prices increase (decrease) there is an
incentive for all but the highest implicit discount rate
segments to purchase increased (decreased) levels of
efficiency.

The equip ment choice submodule is de signed to
choose among a dis crete set of tech nol o gies that are
char ac ter ized by a menu which de fines avail abil ity, cap i -
tal costs, main te nance costs, ef fi cien cies, and equip -
ment life. Tech nol ogy char ac ter is tics for selected space 
heat ing equip ment are shown Ta ble 4, de rived from the
re port As sump tions to the An nual En ergy 

Out look 2009.13 This menu of equip ment in cludes tech -
no log i cal in no va tion, mar ket de vel op ments, and pol icy
interventions. For the AEO2009, the tech nol ogy types
that are in cluded for seven of the ten ser vice de mand
cat e go ries are listed in Ta ble 5.

The re main ing three end-use ser vices (PC-re lated of -
fice equip ment, other of fice equip ment, and other end
uses) are con sid ered mi nor ser vices and are pro jected us -
ing ex og e nous equip ment ef fi ciency and market pen e tra -
tion trends.

Energy Consumption Submodule

Once the re quired equip ment choices have been made, 
the to tal stock and ef fi ciency of equip ment for a par tic u lar
end use are de ter mined. En ergy consumption by fuel can
be cal cu lated from the amount of ser vice de mand sat is -
fied by each tech nol ogy and the cor re spond ing ef fi ciency
of the tech nol ogy. At this stage, ad just ments to en ergy 
con sump tion are also made. These in clude ad just ments 
for changes in real energy prices (short-run price elas -
tic ity ef fects), adjustments in uti li za tion rates caused by
ef fi ciency increases (ef fi ciency re bound ef fects), and
changes for weather rel a tive to the CBECS sur vey year. 
Once these mod i fi ca tions are made, to tal en ergy use is
com puted across end uses and build ing types for the
three ma jor fu els, for each Cen sus di vi sion. Combining
these pro jec tions with the ec ono met ric/trend pro jec tions
for the five mi nor fu els yields to tal projected com mer cial
en ergy con sump tion. 
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13 Energy Information Administration, Assumptions to the Annual Energy Outlook 2009,
http://www.eia.doe.gov/oiaf/aeo/assumption/pdf/0554(2009).pdf (Washington, DC, March 2009)
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   Equip ment Type Vin tage Ef fi ciency2

Cap i tal Cost
($2007 per
Mbtu/hour) 3

Main te nance Cost
($2007 per
Mbtu/hour) 3

Ser vice
Life
(Years)

   Elec tric Roof top Heat Pump 2007- typ i cal  
2007- high efficiency

3.2
3.4 

$72.78 
$96.67

$1.39 
$1.39

15 
15

2010 - typ i cal (stan dard)
2010 - high efficiency

3.3 
3.4

$76.67 
$96.67

$1.39 
$1.39

15 
15

2020 - typ i cal
2020 - high efficiency

3.3
3.4

$76.67 
$96.67

$1.39
$1.39

15 
15

   Ground-Source Heat Pump 2007 - typ i cal 
2007 - high efficiency

3.5 
4.9

$140.00 
$170.00  

$16.80 
$16.80

20
20

2010 - typ i cal
2010 - high efficiency

3.5 
4.9

$140.00   
$170.00

$16.80 
$16.80

20
20

2020 - typ i cal
2020 - high efficiency

4.0
4.9

$140.00 
$170.00  

$16.80
$16.80

20
20

   Elec tric Boiler
   Pack aged Electric

Cur rent typ i cal
Typical

0.98 
0.96

$17.53 
$16.87

$0.58 
$3.95

21 
18

   Nat u ral Gas Fur nace Cur rent Stan dard 
2007 - high efficiency

0.80 
0.82

$9.35
$9.90

$0.97 
$0.94

20 
20

2020 - typ i cal
2020 - high efficiency

0.81 
0.90

$9.23 
$11.57

$0.96 
$0.86

20 
20

2030 - typ i cal
2030 - high efficiency

0.82
0.91 

$9.12 
$11.44

$0.94 
$0.85

20 
20

   Nat u ral Gas Boiler Cur rent Stan dard
2007 - mid efficiency

0.80 
0.85

$22.42 
$25.57

$0.50 
$0.47

25 
25

2007 - high ef fi ciency
2020 - typical

0.96 
0.82

$39.96
$21.84 

$0.52 
$0.49

25 
25

   Nat u ral Gas Heat Pump 2007 - ab sorp tion
2010 - absorption

1.4 
1.4

$158.33   
$158.33

$2.50
$2.50

15 
15

2020 - ab sorp tion 1.4 $158.33 $2.50 15

   Dis til late Oil Fur nace Cur rent Stan dard 0.81 $11.14 $0.96 20 

2020 - typ i cal 0.81 $11.14 $0.96 20 

  Dis til late Oil Boiler Cur rent Stan dard
2007 - high efficiency

0.83
0.89

$17.63 
$19.84

$0.15 
$0.14

20 
20

2020 - typ i cal 0.83 $17.63 $015 20 

Table 4. Cap i tal Cost and Ef fi ciency Rat ings of Se lected Com mer cial Space Heat ing Equip ment1

1Equip ment listed is for the New Eng land Cen sus di vi sion, but is also rep re sen ta tive of the tech nol ogy data for the rest of the U.S. See the
source ref er enced be low for the com plete set of tech nol ogy data..

2Ef fi ciency mea sure ments vary by equip ment type. Elec tric roof top air-source heat pumps, ground source and nat u ral gas heat pumps are
rated for heat ing per for mance us ing co ef fi cient of per for mance; nat u ral gas and dis til late fur naces are based on Ther mal Ef fi ciency; and boil ers
are based on com bus tion ef fi ciency. 

3Cap i tal and main te nance costs are given in 2007 dol lars.

Source: En ergy In for ma tion Ad min is tra tion, “EIA - Tech nol ogy Fore cast Up dates - Res i den tial and Com mer cial Build ing Tech nol o gies - Ref er -
ence Case Sec ond  Edi tion (Re vised)”, Navigant Con sult ing, Inc., Ref er ence Num ber 20070831.1, Sep tem ber 2007.
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End-Use Service by Fuel Technology Types

Electric Space Heating air-source heat pump, ground-source heat pump, boiler, packaged space heating

Natural Gas Space Heating boiler, furnace, absorption heat pump

Fuel Oil Space Heating boiler, furnace

Electric Space Cooling air-source heat pump, ground-source heat pump, reciprocating chiller, centrifugal chiller, screw
chiller, scroll chiller, rooftop air conditioner, residential style central air conditioner, window  unit

Natural Gas Space Cooling absorption chiller, engine-driven chiller, rooftop air conditioner, engine-driven heat pump, absorption
heat pump

Electric Water Heating electric resistance, heat pump water heater, solar water heater with electric back-up

Natural Gas Water Heating natural gas water heater

Fuel Oil Water Heating fuel oil water heater

Ventilation constant air volume (CAV) system, variable air volume (VAV) system

Electric Cooking range/oven/griddle, induction range/oven/griddle

Natural Gas Cooking range/oven/griddle, power burner range/oven/griddle

Incandescent Style Lighting incandescent, compact fluorescent, halogen, halogen-infrared, light emitting diode (LED)

Four-foot Fluorescent Lighting magnetic ballast, electronic ballast-T8 electronic w/controls, electronic w/reflectors, electronic
ballast-T5, electronic ballast-super T8, LED,

Eight-foot Fluorescent Lighting magnetic ballast, electronic ballast, electronic-high output, LED

High Intensity-Discharge Lighting metal halide, mercury vapor, high pressure sodium, electronic-T8 high output, electronic-T5 high
output, LED

Refrigeration supermarket compressor rack, suupermarket condenser, supermarket display case, walk-in cooler,
walk-in freezer, reach-in refrigerator, reach-in freezer, ice machine, beverage merchandiser,
refrigerated vending machine

Table 5. Com mer cial End-Use Tech nol ogy Types




