
The res i den tial de mand mod ule (RDM) pro jects energy 
con sump tion by Cen sus di vi sion for seven marketed
en ergy sources plus so lar, wind, and geo ther mal
energy. RDM is a struc tural model and its de mand pro -
jec tions are built up from pro jec tions of the res i den tial
hous ing stock and en ergy-con sum ing equip ment. The
com po nents of RDM and its interactions with the NEMS 
sys tem are shown in Figure 5. NEMS pro vides pro jec -
tions of res i den tial en ergy prices, pop u la tion, dis pos -
able in come, and hous ing starts, which are used by
RDM to de velop pro jec tions of en ergy con sump tion by
end–use ser vice, fuel type, and Census division.

RDM in cor po rates the ef fects of four broadly-de fined
de ter mi nants of en ergy con sump tion: eco nomic and
de mo graphic ef fects, struc tural ef fects, tech nol ogy
turn over and ad vance ment ef fects, and en ergy mar ket
ef fects. Eco nomic and de mo graphic ef fects in clude the
num ber, dwell ing type (sin gle-fam ily, mul ti fam ily or mo -
bile homes), oc cu pants per household, dis pos able in -
come, and lo ca tion of hous ing units.Struc tural ef fects
in clude in creas ing av er age dwell ing size and changes
in the mix of de sired end-use ser vices pro vided by en -
ergy (new end uses and/or in creas ing pen e tra tion of
cur rent end uses, such as the in creas ing pop u lar ity of
elec tronic equip ment and com put ers). Tech nol ogy ef -
fects in clude changes in the stock of in stalled equip -
ment caused by nor mal turn over of old, worn out
equip ment with newer ver sions that tend to be more en -
ergy ef fi cient, the in te grated ef fects of equip ment and
build ing shell (in su la tion level) in new con struc tion, and
the pro jected avail abil ity of even more en ergy-ef fi cient
equip ment in the fu ture. En ergy mar ket ef fects in clude
the short-run ef fects of en ergy prices on en ergy de -
mands, the lon ger-run ef fects of en ergy prices on the
ef fi ciency of pur chased equip ment and the ef fi ciency of
build ing shells, 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. 

Hous ing Stock Submodule

The base hous ing stock by Cen sus di vi sion and dwell -
ing type is de rived from EIA's 2005 Res i den tial En ergy
Con sump tion Sur vey (RECS).  Each el e ment of the of
the base stock is re tired on the ba sis of a con stant rate
of de cay for each dwellling type.  RDM re ceives as an

input from the macroeconomic activity module pro jec -
tions of housing additions by type and Census division.
RDM supplements the surviving stocks from the previous 
year with the pro jected ad di tions by dwelling type and
Census division. The average square footage of new
construction is based on recent upward trends developed 
from the RECS and the Census Bureau’s Characteristics 
of New Housing.

Appliance Stock Submodule

The in stalled stock of ap pli ances is also taken from the
2005 RECS. The ef fi ciency of the ap pli ance stock is
derived from his tor i cal ship ments by ef fi ciency level
over a multi-year in ter val for the fol low ing equip ment:
heat pumps, gas fur naces, cen tral air con di tion ers,
room air con di tion ers, wa ter heat ers, re frig er a tors,
freez ers, stoves, dish wash ers, clothes wash ers, and
clothes dry ers. A lin ear re tire ment func tion with both
min i mum and max i mum equipment lives is used to re -
tire equip ment in sur viv ing hous ing units. For equip ment
where ship ment data are avail able, the ef fi ciency of the
re tir ing equipment var ies over the pro jec tion. In early
years, the re tir ing ef fi ciency tends to be lower as the
older, less ef fi cient equip ment in the stock turns over
first. Also, as hous ing units re tire, the as so ci ated appli-
ances are re moved from the base ap pli ance stock as
well. Ad di tions to the base stock are tracked separately
for housing units existing in 2005 and for cumulative new
construction.

As ap pli ances are re moved from the stock, they are re -
placed by new ap pli ances with gen er ally higher
efficiencies due to tech nol ogy im prove ments,
equipment  stan dards,  and  mar ket  forces.  Ap pli ances 
added due to new con struc tion are ac cu mu lated and re -
tired par al lel to ap pli ances in the ex ist ing stock. Ap pli -
ance stocks are main tained by fuel, end use, and
tech nol ogy as shown in Ta ble 2.

Technology Choice Submodule

Fuel-spe cific equip ment choices are made for both new 
con struc tion and re place ment pur chases.  For new
con struc tion, ini tial heat ing sys tem shares (taken from
the most re cently avail able Cen sus Bureau sur vey data 
cov er ing new con struc tion, currently 2005) are ad justed 
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Residential Demand Module

RDM Outputs Inputs from NEMS Exogenous Inputs

En ergy de mand by ser vice and fuel type
Changes in hous ing and ap pli ance stocks
Ap pli ance stock efficiency

En ergy prod uct prices
Hous ing starts
Population

Cur rent hous ing stocks and re tire ment rates
Cur rent ap pli ance stocks and life ex pec tancy
New  ap pli ance types, efficiences, and costs
Hous ing shell ret ro fit in di ces
Unit en ergy con sump tion
Square footage
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Fig ure 5. Res i den tial De mand Mod ule Struc ture



based on rel a tive life cy cle costs for all com pet ing tech -
nol ogy and fuel com bi na tions. Once new home heat ing
sys tem shares are es tab lished, the fuel choices for
other ser vices, such as wa ter heat ing and cook ing, are
de ter mined based on the fuel cho sen for space heat -
ing. For re place ment pur chases, fuel switch ing is al -

lowed for an as sumed per cent age of all re place ments
but is de pend ent on the es ti mated costs of fuel-switch -
ing (for ex am ple, switch ing from elec tric to gas heat ing
is as sumed to in volve the costs of run ning a new gas
line).

For both re place ment equip ment and new construction, 
a “sec ond-stage” of the equip ment choice decision re -
quires se lect ing from sev eral avail able ef fi ciency lev -
els. The efficiency range of avail able equip ment
rep re sents a “menu” of efficiency lev els and in stalled
cost com bi na tions projected to be avail able at the time
the choice is be ing made. Costs and ef fi cien cies for se -
lected ap pli ances are shown in Table 3, de rived from

the re port As sump tions to the An nual En ergy Out look
2009.12 At the low end of the ef fi ciency range are the min -
i mum lev els re quired by leg is lated stan dards. In any
given year, higher ef fi ciency lev els are as so ci ated with
higher in stalled costs. Thus, pur chas ing higher  than 
the  min i mum  ef fi ciency  in volves  a trade-off be tween
higher in stal la tion costs and future sav ings  in  en ergy 
ex pen di tures.  In RDM, these trade-offs are cal i brated
to re cent ship ment, cost, and ef fi ciency data. Changes
in purchases by ef fi ciency level are based on changes in
either the in stalled cap i tal costs or changes in the
first-year op er at ing costs across the avail able ef fi -
ciency lev els. As en ergy prices in crease, the incentive
of greater en ergy ex pen di tures sav ings will pro mote in -
creased pur chases of higher-ef fi ciency equipment. In
some cases, due to gov ern ment pro grams or gen eral pro -
jec tions of tech nol ogy im prove ment, in creases in ef fi ciency 
or de creases in the installed costs of higher-ef fi ciency
equip ment will also pro mote purchases of
higher-efficiency equipment.

Shell Integrity Submodule

Shell in teg rity is also tracked sep a rately for the existing
hous ing stock and new con struc tion. Shell integrity for
ex ist ing con struc tion is as sumed to respond to in -
creases in real en ergy prices by be com ing more ef fi cient. 
There is no change in ex ist ing shell in teg rity when real
en ergy prices de cline. New shell ef fi cien cies are based
on the cost and per for mance of the heat ing and cool ing
equip ment as well as the shell characteristics.  Sev eral
ef fi ciency lev els of shell char ac ter is tics are avail able
through out the pro jec tion pe riod and can change over
time based on changes in build ing codes. All shell ef fi -
cien cies are sub ject to a max i mum shell ef fi ciency based

on studies of cur rently avail able res i den tial con struc tion 
methods.

Distributed Generation Submodule

Dis trib uted gen er a tion equip ment with ex plicit technology
char ac ter iza tions is also mod eled for residential cus tom -
ers. Cur rently, three tech nol o gies are char ac ter ized, 
photovoltaics,  wind, and  fuel  cells.  The submodule 
in cor po rates  his tor i cal  es ti mates  of photovoltaics
(res i den tial-sized fuel cells are not expected to be  com -
mer cial ized un til af ter 2005, the base year of the model)
from its tech nol ogy char ac ter iza tion and ex og e nous
penetration in put file. Pro gram-based pho to vol taic
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Residential Demand Module

Space Heating Equipment: electric furnace, electric air-source    
heat pump, natural gas furnace, natural gas hydronic, kerosene
furnace, liquefied petroleum gas, distillate furnace, distillate
hydronic, wood stove, ground-source heat pump, natural gas
heat pump.

Space Cooling Equipment: room air conditioner, central air
conditioner, electric air-source heat pump, ground-source heat
pump, natural gas heat pump.

Water Heaters: solar, natural gas, electric distiallate, liquefied
petroleum gas.

Refrigerators: 18 cubic foot top-mounted freezer, 25 cubic foot
side-by-side with through-the-door features.

Freezers: chest - manual defrost, upright - manual defrost.

Lighting: incandescent, compact fluorescent, LED, halogen,
linear fluoresent.

Clothes Dryers: natural gas, electric.

Cooking: natural gas, electric, liquefied petroleum gas.

Dishwashers

Clothes Washers

Fuel Cells

Solar Photovoltaic

Wind

Table 2. NEMS Res i den tial Mod ule Equip ment Sum mary

12 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).



estimates for the De part ment of En ergy’s Mil lion So lar
Roofs pro gram are also in put to the submodule from the
exogenous penetration portion of the input file.
Endogenous, economic purchases are based on a
penetration function driven by a cash flow model that
simulates the costs and benefits of distributed generation
purchases. The cash flow calculations are developed
from NEMS projected energy prices coupled with the
technology characterizations provided from the input file.

Po ten tial  eco nomic  pur chases  are  mod eled  by Cen -
sus di vi sion and tech nol ogy for all years subsequent to
the base year. The cash flow model de vel ops a 30-year
cost-ben e fit ho ri zon for each po ten tial invest ment.  It in -
cludes con sid er ations of an nual costs (down pay ments,
loan pay ments, main te nance costs and, for fuel cells, gas
costs) and an nual ben e fits (interest tax de duc tions, any
ap pli ca ble tax cred its, elec tric ity cost sav ings, and wa -
ter heat ing sav ings for fuel cells) over the en tire 30-year 
pe riod.  Penetration  for  a  po ten tial  in vest ment  in  ei -
ther photovoltaics, wind,  or fuel cells is a func tion of
whether it achieves a cu mu la tive pos i tive dis counted
cash flow, and if so, how many years it takes to achieve
it.

Once the cu mu la tive stock of dis trib uted equip ment is
pro jected, re duced res i den tial pur chases of electricity

are pro vided to NEMS.  For fuel cells, increased resi-
dential nat u ral gas con sump tion is also pro vided to NEMS
based on the cal cu lated en ergy input re quire ments of the
fuel cells, par tially off set by nat u ral gas wa ter heat ing sav -
ings from the use of waste heat from the fuel cell.

Energy Consumption Submodule

The fuel con sump tion submodule mod i fies base year en -
ergy  con sump tion  in ten si ties  in  each  pro jec tion year.
Base year en ergy con sump tion for each end use is de rived
from en ergy in ten sity es ti mates from the 2005 RECS. The 
base year en ergy in ten si ties are mod i fied for the fol low ing
ef fects: (1) in creases in efficiency, based on a com par i son
of the appliance stock serv ing this end use rel a tive to the
base year stock, (2) changes in shell in teg rity for space
heat ing and cool ing end uses, (3) changes in real fuel
prices—(short-run  price  elas tic ity  ef fects), (4) changes
in square foot age, (5) changes in the num ber of oc cu pants
per house hold, (6) changes in dis pos able in come, (7)
changes in weather rel a tive to the base year, (8) ad just -
ments in uti li za tion rates caused by ef fi ciency in creases
(ef fi ciency “re bound” ef fects), and (9) re duc tions in pur -
chased elec tric ity and increases in nat u ral gas con sump -
tion from dis trib uted gen er a tion. Once these mod i fi ca tions
are made, to tal en ergy use is com puted across end uses
and hous ing types and then summed by fuel for each Cen -
sus division.
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  Equip ment Type
Rel a tive
Per for mance1

2007
In stalled Cost
($2007)2

     

Ef fi ciency3

2020 
In stalled Cost 
 ($2007)2

 

Ef fi ciency3

       Ap prox i mate
   Hur dle
     Rate

   Elec tric Heat Pump

   
   Nat u ral Gas Furnace                 

Min i mum

Best

Min i mum
Best

$3,800
$6,700

$1,900
$3,050

13.0
17.0

0.80
0.96

$3,800
$6,700

$1,900
$2,700

13.0

20.0

0.80
0.96

15% 

15%

   Room Air Con di tioner

  Cen tral Air Conditioner

Min i mum
Best

Min i mum
Best

$310
$925

$3,000
$5,700

9.8
11.7

13.0
21.0

$310
$875

$3,000
$5,750

9.8
12.0

13.0
23.0

140%

15%

   Re frig er a tor (23.9 cu bic ft in ad justed vol ume)

   Elec tric Wa ter Heater     

Min i mum
Best

Min i mum
Best

$550
$950

$400
$1,400

510
417

0.90
2.4

$550
$1000

$400
$1,700

510
417

0.90
2.4

19%

30%

Table 3. Characteristics of Selected Equipment

1Min i mum per for mance re fers to the low est ef fi ciency equip ment avail able.  Best re fers to the high est ef fi ciency equip ment avail able.

2In stalled costs are given in 2007 dol lars in the orig i nal source doc u ment.

3Ef fi ciency mea sure ments vary by equip ment type.  Elec tric heat pumps and cen tral air con di tion ers are rated for cool ing per for mance us ing the Sea sonal En ergy Ef fi -

ciency Ra tio (SEER); nat u ral gas fur naces are based on An nual Fuel Uti li za tion Ef fi ciency; room air con di tion ers are based on En ergy Ef fi ciency Ra tio (EER); re frig er a -

tors are based on ki lo watt-hours per year; and wa ter heat ers are based on En ergy Fac tor (de liv ered Btu di vided by in put Btu).

Source:  Navigant Con sult ing, EIA Tech nol ogy Fore cast Up dates-Res i den tial and Com mer cial Build ings Tech nol o gies, Sep tem ber 2007.




