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1. Introduction

Purpose of this Report .

This report documents the objectives, analytical approach, and develo;pment of the National
Energy Modeling System (NEMS) ‘Residential Sector Demandj Module. The report catalogues
+ and describes the model assumptions, computational methodology, parameter'estirnati.on |
techniques;, and FORTRAN source codé.

This ddcument seryes’three purposes Frrst, itisa referen'ce document pro\;iding a detailed
descnpuon for energy analysts other users, and the pubhc Second this report meets the
legal requrrement of the Energy Informatron Admlmstratron (EIA) to prov1de adequate
documentation in support of its statlstlcal and fofecast reports according to Public Law 93-

' 275 section' 57(b)(f) Third, it facilitates continuity in model development by: providing
documentatron from which energy analysts can undertake model enhancements, data updates,

and parameter reﬁnements

Model_Summary—
The NEMS Resrdentral Sector Demand Module is current.ly used for mld-term forecastmg
purposes and energy policy analysis over the forecast horizen of 1990-2010 The model -
generates forecasts of energy demand, which is’ used mterchangeably w1th the concept of
énergy consumption in this document, for the resrdentlal sector by servrce, fuel, and Census )
e Division. The policy impacts resultmg from the mtroducuon of new technologres, market
incentives, and regulatory changes can be, estimated ,usmg the module by defining alternate - _ |

. input and parameter assumptions. =~ >

The Residential Sector Demand Module uses$ inputs from'the NEMS system to generate
Energy Information Administration .
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‘ .Model Contact o

outputs needed in the NEMS 1ntegrat10n process The inputs requlred by the Residential
‘Sector Demand Module from the NEMS system include energy prrces and macroeconomic
indicators. These inputs are used by the module to generate energy consumption by fuel type

and-Census Division in the residential sector. The NEMS system utilizes these forecasts to

compute equilibrium energy prices and quan'tities.

The Residential Sector Demand Module is an analysis tool to address current and proposed
legislation, private sector initiatives, and technologlcal developments affecting the res1dent1a1
sector. “Examples of pohcy analyses mclude assessmg the potential unpacts of the followmg
e New end-use ‘technologies (such as geothermal heat pumps)
. *New energy supply technologles (such as renewable energy)
. Changes in fuel prices due to’ tax poh01es ’

. Changes in equrpment energy efficiency standards

. Fmanmal mcentrves for energy effic1ency investments

‘. Fmanc1a1 incentives for renewable energy mvestments
Arch:val Media’ B . s
At the tlme of thlS wntlng, the module has not yet been archived. The Re31dent1a1 Sector
Demand Module will be archived - upon completron of the. Annual Energy Outlook for 1995
(AEQ95)- productlon runs as part of the National Energy Modelmg System on thé Energy .

Informatron Admrmstratron 5 mamframe computer system

John H. Cymbalsky ‘ .

- Office of Integrated Analysis and Forecastrng

Energy Demand. Analysrs Branch Lo . _
Phone: (202) 586 - 4815, - - B

, Energy Infonnauon Admrmstrauon ' - -
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- The Technology Choice’ Component srmulates the behavror of re31dent1al consumers based on

NEMS Residential Sector Demand Module Structure

The residential sector encompasses residential housing units classified as single-family,
multifamily, and mobile homes. Energy consumed in residential buildings is the sum of

energy required to provide specific energy services using selected technologies according to.

| energy efficiency levels of building Structures. The Reésidential Sector Demand Module

projects energy demand following a sequence of six steps. The first step is to forecast

housing stock. The second: step is to select speciﬁc technologies to meet the demand for each .

‘energy service.” The third step is to forecast appliance stocks. The fourth step is to forecast

changes in building shell mtegnty The fifth step is to calculate the energy consumed by the
eqmpment chosen to meet the demand for energy services. _The sixth step is to compute ,

airborne em1ssrons resultmg from resrdentral fuel use.-

;

Housing Stock Component ' - - S \

The Housing Stock Component forecasts occupred households by housmg type and Census
Drvrs1on Forecasted ‘housing starts are input from the NEMS Macroeconomic Act1v1ty
Module (MAM) The housmg ‘stock is assumed to retire based on set proportrons consistent
with available- housmg demohtron data. The housing stock retrrement assumptlons are

presented in the Fundamental Assumptrons sectron of this report.

Technology Chmce Component

- the relative importance of hfe-cycle costs caprtal costs, and operating costs of competmg

'technologres within a service. ' New and replacement equrpment decisions reﬂect additional

factors beyond the traditional hfe-cycle cost methodology, mcludmg mam space heating fuel

-chorce and previous equ_1pment c_ho1ces: The Technology Choice Component allocates end-

use services based upon a"defmed\ equipment menu of the various technologies and fuels that
compete in the market. 'The Technology Choice Component also establishes the criteria upon

which consumers base equipment choices:

Energy Informauon Administration SRR
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Apphance Stock Component i \
The Appliance Stock Component forecasts the number of appliances required by each end-use
service.” A piecewise linear decay funcuon retires equipment based on minimum and
maximum life expectancres The Apphance Stock Component allows for tracking each type "
of equlpment purchased for new households and replacement units.
- Shell Integnty Component .
The Res1dent1a1 Sector Demand Module momtors the changes in bu11d1ng shell integrity for
the space conditioning servrces The ‘Shell Integrrty Component computes an mdex that
; mcorporates increases in ex1st1ng bulldmg shell efficiency based upon responses to fuel prrce
' changes from the base year. Burldlng shell eﬁicrency in new construction is assumed to
improve over the forecast period because of stricter building codes and other efﬁcrency -
-’ programs. - |
Consuinption and Unit Energy Consumptlon Component
- The Consumptlon and Unit Energy. Consumptlon Componcnt tracks the composmon of
residential energy use over time as technologrcal advances in residential equ1pment are -
mtroduced to the market. The component mcludes price elastrcrtres that allow the user to
spec1fy consumer responses-to changes in real fuel prrces Umt Energy Consumptron (UEC)

values are adjusted accordmg to heating and coohng degree-day factors and household size, :

Ermssrons Component ‘ ,

The Emlssrons Component estlmates the amount of a1rborne pollutron attnbutable to
resrdentral sector fuel use. Em1ss1ons .of interest are those" that cause adverse health effects,
a01d rain, or global climate change. The pollutants exphculy modeled are total carbon,
carbon monoxide (CO), carbon droxrde (COz), nitrous oxides (NO ), sulfur oxides (SOx), and
X volaule organic compounds (VOC) The fuels for which the emissions are modeled exclude

“electricity, geothermal and solar thermal, which are all assumed to’ have Zero emlss1ons
- \ -

Energy Informauon Admrmslratron . . \
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Report Organization

3 Chapter 2 of this report discusses thé purpose of the Residential Sector Demand Module,
specifically detailing the objectives, primary inputs and outputs, and'rclatiénship of the
module to other modules of the NEMS system. Chapt:er 3 describes the rationale behind the
design, fundamental assumptions regarding cohsumer behavior, module structure, and
alternative modeling approaches. Chapter 4 details the module structure by reviewing the key
computations and data flows. ‘ ’

.Appendices to this report dqcumcnt—the vaﬁables and equations containe:d-in the FORTRAN
source code. Appendix A catalogues the input data used to generate estimates and forecasts
- in list and cross-tabular formats. Appendix B provides support to the mathematical
representation of iﬁe sourcé code eqﬁations provided in Chapier 4 of ‘the main text. I}I;pendix
Cisa bibliogr;?tphy of refererice materials used in the development-process. Appendix D
consists of a model abstract. Appendlx E discusses the data quality issues. The mathematlcal ’

propertles of the soluuon algonthms w111 be presented in a separatc -volume to tlus report.

, .- Energy Information Administration - . :
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2. Model Purpose " |

Module Objectives -~ - ; | _ ’
. ,"- - - _A.,

‘The NEMS Residential Sector Demand Module holds three fundamental objectives. First, the

module generates disaggregated forecasts of energy demand in the residential sector for the

perrod of 1990-2010 by housmg and fuel type, Census Drvrsron and end-use service.

Second it is a policy analys1s tool that is capable of assessing the impacts of changes in

energy markets building ‘and equ1pment technologles and regulatory initiatives affectlng the

" residential sector. Third, as an mtegral component’ of the NEMS system, it provides inputs to

the Eleetncrty Market Module, ‘Natural Gas Supply Module, and Petroleum Market Module of

NEMS fac1l1tatmg the development of an energy supply and demand balance in the system. -

. The Resrdentral Sector Demand Module prOJects residential -sector energy ‘demands by solving
srx sequential steps These- steps produce mformatron on housmg stocks,. technology choices, -
s applrance stocks buﬂdmg shell mtegnty, energy consumptron, and airborne emissions. The
module utilizes a stock-vintaging approach that allows the user to momtor equipment stock
" and equrpment efﬁcrency over t1me 0 '
, L
The module design allows the user to conduct a vanety of policy analyses Technologrcal
advancement in equrpment desrgn and efﬁcrency, as well as ﬁrst-cost mcentrve programs, are
' representable at the equrpment level. Housmg stock attrrtron and equrpment retu'ement
assumptrons can be modrﬁed to model the accelerated decay of less-efficient energy-using
equrpment. Burldmg shell charactensucs can be modrﬁed to model pollcy optrons 1ncludmg
4 ‘ updates to burldrng codes and market penetratron of energy-efﬁment mortgages

- Forecasted re31dent1al fuel demands generated by the Resrdentlal Sector Demand Module are -
utlhzed by the NEMS system in the calculatron of the demand and supply equrhbrrum state

. |
. Energy Informauon Admrmstrauon : . .
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" In addition, the NEMS supply modules referenced previously use the.residential sector outputs
to determine the composition of sources and resulting amount of energy delivered to the

v

3 residential sector.

Module Input and Output -

Inputs

" The pnmary module inputs mclude fuel pnces housmg stock characteristics, housmg starts,

populatlon, and technology charactenstlcs The technology characteristics used in the module -

include installed capital costs, equlpment efficiency, and_ expected equipment lifetimes. The
major inputs'by module component are as follows: °

Housing Stock Component ’
- Housing starts o | -
Ex15t1ng housmg stock for 1990 :' _
Houemg stock attrition rates
Technology Choice Cornp'onent
. Equipxnent capital cost
- Equipment energy efficiency
Market share of new appliances B
Efficiency of retiring equtplnent i
Appliance ~p’enetration'factorsr '

Apphance Stock Component i _
Expected equipment minimum and maximum hfetlmes
" Base year appliance market shares

Equipment saturation level

Energy informnﬁon Administration
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‘ 'Building Shell-Component '
' ‘ Maximum level of shell integrity
Pnce elast101ty of shell integrity -

Rate of nnprovement in new constructlon 'shell mtegnty

- Energy Consumpﬁon Component
L ~ Unit energy consumption (UEC) -
| ) ~Heating and cooling degree days
| Expected fuel savmgs based upon the 1992 Energy Pohcy Act (EPACT )
. Household size '
' .Emlssmns Component '

Base year aerome em13s1on factors by pollutant

Outputs .

» Foreeasted residential sector'energy oonsnmpdon by fuel type, service, and Census Division is .
the primary module output The module also forecasts housmg stock, energy consumptron
per household and aerome emlssmns by pollutant for the six pollutant categories listed-
prewously In addmon the module is capable of producmg a d1saggregated forecast of .
3 apphance ‘stock and efﬁc1ency, The types of apphances included in this forecast are.
' Heat pumps (electnc natural gas, and geothermal)
Fumaces (electnc, natural” gas, LPG and drstﬂlate)

= Hydromc heatmg systems (natural gas dlstﬂlate ‘and kerosene)

- Wood stoves )
Central air conditioners
Room air ‘c/:onditioners

- _Z' o o ,A Energy Informauon Administration U
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Water heaters (electric, natural gas, distillate,'LPG, and solar)
Ranges/Ovens (electric, natural gas, and LPG)- ’
/ ] Clothes‘dryers (electric and natural éas)
" Refrigerators ’

Freezers

Variable Classification

The NEMS modules aré required to provide and utilize system data at the nine Census
Division level of detail. Tﬁe input data available from thé Residential Energy Cbnsumption' ‘
Survqy (RECS) performed by‘ EIA (whfch forms the; basis for the Residential Sector Demand
Module) and othef sources are desigr_léd to be staﬁsﬁcally significant at varying levels, some
'of which are above the nine Census Division level. Another factor/vdliving the level of ~
aggregation of tilé module variables is the technical constraints of the computing system
retiuired in order to run the NEMS Iﬂodule within a reasonable turnaround time. The key
variables in the NEMS Residential Sector Démand Module are dimefms.ioned as follows:
Census Divisions .~ |
New Ehgland ,
© Middle Aflantic
- East Ndrth Central
West North ‘Central‘
South Atlantic
| East South Centrai o
West South Central _
' 'Mour:;tain
Pacific

W 0 N O s W

~

Energy Informétion'Administration ‘ ) .
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Housing ;l‘ypes -
1 Single-Family
2 ‘A ' Multifamily
3 ‘Mobile Home

End-Use Services
-‘ 1 Space Heating
2 Space C’001~ing
3 . Water Heating
4 Cooking
-5 ‘ Cléthes Dryiﬁg' o
6. ~Refrigeration
7
8
9

. . Freezing . E /
Lighting "
" Other Appliances ;
-10  Secondary Space Heating
Fuels

1 Natural Gas
2 Elecﬁci\ty:
3 Disiillaste
£ PG
5 A"I\(erbspnq_g' . S

6 ;'Geoﬂlerfnal R L
7. Wood- L |
8  Coal = =
O  Solar Thermal -

BT .~\Energ,‘y Information Adminisu'el.tiiin ) A
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Relationship to Other Models

The 'Residenﬁal Sector Demand Module utilizes data from the Macroeconomic Activity
Module (MAM)- of the NEMS system. MAM provides forecasted population and housing
starts by Census Division and housing‘tybe. The Residential Sector Demand Module utilizes
fuel price forecasts generated by the NEMS supply modules previously listed as key drivers
to calculate operating costs for technology selections, building shell integrity improvements
and short—term behav1oral responses. The NEMS supply modules use the residential sector
outputs to determine the fuel le and resultlng araount of energy dehvered to the res1dent1a1

sector,

* Energy Information Adm1mstrat10n -
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3. Model ‘Rationa\le

Theoretical Approach -

. The NEMS Residential Sector. Demand Module is an integrated dynamlc modeling system

" that generates forecasts of residential sector energy demand apphance stocks, market shares,

: and alrbome em1ss1ons " The modelmg approach is based on accounting prmcrples and

addresses res1dent1al consumer behavror issues.

The Resrdentral Sector Demand Module isa housmg and equrpment stock model. The stock

. of households and the correspondmg energy consummg equ1pment are tracked for each year .
of the forecast. The housing stock changes each forecast year as houses are retired from the

stock and-new construction is added The eqmpment stock changes each forecast year as °

»apphances fail and are replaced and new technologres enter thé market. A logit function is

used to estrmate the market share of competmg technologres w1thm each serv1ce category.

- Market shares are determmed for new construction equipment decisions as we]l as for

i replacement decisions. The Technology Choice Component of the module welghts the

o\

relative mstalled capltal and operatmg costs of each equlpment type to allocate the relatrve
market share of the technology wrthm ‘the servrce, region, and housmg type.. This approach is
’ unplemented for the serv1ces of space heatmg, space cooling, water heatmg, refrigeration, . |
*freezers, cookmg, and clothes drymg Lighting and miscellaneous equlpment choices are

modeled based upon alternate technology assumpuons’drscussed below.

1

Base year mformatron developed from the 1990 RECS data base forms the foundation of -
modehng changes to the equrpment and housmg stock over the forecast penod Market share
mformatlon from RECS i is used to estlmate the- number and type of replacements and
add1t10ns to the equipment stock. The chioice between the capital cost and the first year s
operatlng cost determmes the market share wrthm a grven service. Market shares are also: -

SRV - SR EnergyInformattonAdmuustranon ] L .
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modeled as functions of the corresponding fuel prices, expected level of equipment usage, and

equipment efficiency characteristics.

Building. shell mtegnty 1s also consrdered in the forecast of end-use consumptron Bu11d1ng
shell integrity in emstlng homes is sensmve to real price increases over base - ‘year pnce levels
for space condrtlonmg fuels. . Fmal residential sector energy consumpuon is determined as a
function of the equipment and housing stock, average unit energy consumptron, weighted

equlpment charactenstrcs, and building she]l mtegnty Jimprovements. -

é

Fundamental Assumptions

"“¢'  The Residential Sector Demand Module assumes. that equipment lifetime is limited by
a minimum and maximum number of years All equipment is assumed to survive a
- minimum number of years, and no equrpment is assumed to-survive beyond the
maximum number of years. The equrpment retirement rate is defined by a lmear
decay funct10n )
. The equipment contained in a retiring housing structure is assumed to retire when the
structure is removed from the housing stock. Zero salvage value for equipment is
" assumed. '
o . With the exceptIon of space heatmg, eqmpment types are assumed to be replaced by

the same equrpment types that were retired.

T
~

. New housing stock buil_dirig shell efficiency is assumed to improve throughout the

forecast periodat a‘specifie rate*defined by housing type.
~ - e 7\ - -

~ - . . N - ~

. Life-cycle costs used in the technolcﬁ)gy‘cost calculations are computed using a 7-year

Energy Information Administration -
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time horizon and a-discount rate of 20%.

. Two housing vintages are assumed: pre-1991 (old housing) and post-1990 (new
housing). ) | ‘
e ~The type of fuel u’sed'for cooking and water heating in ne\y housing units is assumed .

to be a function of the mam space heatmg fuel in most cases. Excepuons to this
" assumptlon are included for spec1ﬁc cookmg fuel decmons It is assumed- that 63% of
new housing units are equipped w1th natural gas cooklng umts 'while natural gas is the
" main space heating fuel. .. . _
e ,Housing' unlts are removed from the housing stock at a constant rate over time. | The
" surv1val rates for housmg stock types are assumed to be 99 5% for smgle—famﬂy
- homes, 99.0% for mult1-fam1ly homes, and 96.1% for moblle homes. '

* - ‘Projected new home heating fuel shares are based' on the Census Bureau’s new-
_construction data and vary over tlme due to changes in-life-cycle cost for each of the
11 heatmg system types

" - Further As_sumptions\

Technology Choice _ ‘
The eﬁimency choices made for res1dent1al equrpment are based on a log1t functlon The
‘ functlonal form is ﬂexrble a]lowmg the user to specify parameters as either hfe-cycle cost1ng,

ora welghtmg of b1as, cap1tal and dlscounted operatmg costs Currently, the module

calculates ch01ces based on the latter approach h

:Cllmate Adjustment - L ) L F

Space condmomng usage is adJusted across Census D1v131ons by heatlng and cooling degree

S Energy Informauon Admlmstrauon .
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'day factors to account for the unusually warm winter during the RECS 1990 survey

performance period.

Space Heating Fuel Switching . _ _

- The space heating algorithm’ of the module permits fuel switching for replacement decisions
’ for electric, natural gas, LPG, wood, andgdistillate equipment. The amount of switchin;g

depends upon the region and fuel type based on analysis\of RECS and the Ainerican Gas
Associatlon’s Residential Natural Gas Market Sufvey: 1992, The module is programmed to

~ shift toward natural gas' spaee heating \and an}ay from other fuels as they are replaced.

Space Cooling: Raom and Central Air Condltlonmg Units

Room and central air condmonmg units are drsaggregated based on existing housing data.
The market penetration of room and central air systems by Census Division and housing type,’
~aloné withA new housing construction d’ata,\are used to determine the new units of each type.

: The penetration rate for central air-conditioning is estimated using time series analysis of

RECS survey data. ,“ - o , ‘ ' ‘

4

- Water Heatmg Solar Water Heaters

" Market shares for solar water heaters are tabulated from the 199() RE("S data base The

module currently assumes that solar energy provides 55% of the energy needed to satisfy hot

water demand and the remammg 45% is satlsﬁed by an electric back- up unit.
Through-the-Doar Refrigeration Units - ,

A recent mnovatron in res1dent1al refngeratton umts has been the advancement of through-the—
door access panels for ice and water. This added: convemence results in a greater energy use
than conventional refrigerator models. The Res1dent1a1 Sector Demand Module assuies that

.22% of all post-1990 refrlgerators mcorporate the through—the—door access feature, based upon

r Energy Information Administration- - A
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recent appliance shipment data.! \ - S -

Clothes Dryer Saturation _

The module currently assumes that clothes dryer market penetration occurs over the forecast
period, with a terminal saturation level that is con31stent with the market penetratlon of
clothes washers ThlS assumptron is based upon analysrs of the RECS data base. A

) Ltghtmg

' Three types of hghtmg technology charactenzatrons based on efﬁmency are included in the
module “Market shares are assumed for each type of llghtmg for 1990 (the base year), 2000
'1,and2010 s o
Other Appl:ances -_ ' ‘ ‘ . d
The consumpt:ron of other apphances by Census D1v1$1on is. calculated by multlplymg the sum
of new and emstlng housmg units by Umt Energy Consumpuon (UEC) housing type, and

'Census Division.

Secondary Heating - . | | _
" The consumption of secondary heating fuels is determined by the share of total housing that
uses a secondary heating fuel multiplied by the UEC adj/usft'ed for the shell integrity.

Alternative Approaches

" Residential models reviewed during the model develonment _process are discussed in this

_section.® The discussion is presented in the order of the components of the NEMS

.

1 Assocxauon of Home Apphances Manufacturers, "Reﬁrgerators Energy Efﬁcrency and Consumptlon
... Trends," Chlcago, I, August, 1993 .

. 2For a more complete description of these residential sector modeling systems see the "Residential
" Sector Component Desrgn Report," Energy Information Admnusuauon, January 19, 1993.

- . S o : Energy Infonnauon Administration . ‘ :
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ReSidential Sector Demand Module.

Housing Stock -
The Residential End-use Energy Planning System (REEPS) model® developed by the Electric

Power Research Institute (EPRI) and DRI/McGraw-Hill’s (DRI) Macroeconomlc model* also -

forecast domestic housmg stock. The DRI equanon for housing stock assumes that 1.6 -

B percent of housing starts per year do not get counted into the housing stock. This assumpuon

attempts to capture completion failures. The B_ureau of the Census also predi_cts household
,formation based on' a complex regression with numerous demographic variables.

Appliance Stock .. - . o L
It is necessary to track the appliance stocks in order to evaluate specific policies liker to
affect residential sector energy use. For thJS reason models developed recenﬂy5 have \
focused on keepmg track of the capltal stock of major household appllances such as heating,
and coohng equlpment, refngerators, and clothes dryers. '
'REEPS tracks the capltal stock of energy-using technolog1es using a method s1m1lar to the
method proposed here. The. GRI energy model6 also tracks the caplta] stock of maJor '
-res1den11a1 apphances in order to forecast re31dent1a1 energy consumptlon

Technology Choice ' _

" The Technology Choice component of the NEMS Resrdentral Sector Demand Module requlres

3 Electric Power Research Insutute "Resrdent]al End-Use Energy Plannmg System (REEPS) Draft
~ Model Documentanon,“ Palo Alto, CA, 1990

. ¢ DRI/McGraw-Hlll (DRI), "Quarterly Model of the U.s. Economy Version U889A Equatmn Llstmg,"
DRI/McGraw-Hill, Lexington, MA, 1990

'

5 REEPS version 2 0, for example, was ofﬁcrally'\released in 1991.

¢ Gas Research Institute, "1991 Edition for the GRI Baseline Projection Methodology and Assumpuons .

~ Topical Report," Lexmgton, MA, December, 1990. .
) Energy Informauon Admmrstratron i ‘ -
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extensive data describing end-use technologies Equipment costs, efficiency levels and other

charactenstrcs must be specrﬁed for all technologies modeled. These data are available from

” Department of Energy sources’, Lawrence Berkeley Laboratory (LBL)® studies, engineering
analyses performed by Arthur D. Little (ADL)®, Gas Research Institute (GRD)™ research,

Electric Power Research Institute (EPRI 1, Gas Appliance Manufacturing Association’

(GAMA)™, Association of Home Appliance Manufacturers (AHAM), the A1r Condmonmg

and Refrrgeratron Instrtute (ARI)13 and numerous trade publications.

REEPS srmulates consumer cho1ce\based on the consumer ’s evaluation of ¢ertain equlpment

-attributes (such as caprtal cost and energy efficiency), w1th the choice of a partrcular ‘unit
expressed as a probab111ty of the consumer choosing that unit.- This probabrhty is based on_

emprrlcal est1mat10n reﬂectmg observed trends in the home appliance market descnbed in

home applrance trade pubhcatlons

Tus. Department of Energy, Techmcal Suppart Document Energy Conservation-Standards for »

Consumer Products: Dishwashers, Clothes Washers, and Clothes Dryers, DOE/CE-0267, Washington, .
D.C,, July 1989. Also U.S. Department of Energy, Technical Support Document: Energy Conservation’

Standards for Consumer Products: Reﬁigerators and Fumaces, DOFJCE-0277 Washmgton D C
November, 1989. .

& Koomey, J G et al, "The Potential for Electnc:ty Efficiency Improvements in the U.S. Residential
Sector,” Lawrence Berkeley Labaratory, Berkeley, CA, July, 1991. Turiel, I, et. al., "U.S. Residential
Appliance Energy Efficiency: Present Status-and Future Directions,” Lawrence Berkeley Laboratory,
Berkeley, CA, April, 1991. ' Lawrence Berkeley Laboratory, "Baseline Data for the Residential Sector
and Development of- a Resrdenual Forecasung Database," Berkeley, CA, May, 1994, ’

) '® Arthur D. Lrttle, "Techmcal Memorandum for Technology Advances and Forecasts-
Residential/Commercial End-Use Equlpment, Cambndge, MA, 1990.

VA 1% Gas Research Institute, "Baselrne l’rolectlon Data Book," Washmgton, DC, 1990.
" U Elettric Power Research Institute, “Draft Model Dochmentation for REEPS," 1990.

~

12 Gas Appliance Manufacturers Assocratron, "Consumers Drrectory for Certified Efﬁcrency Ratings,"
Arhngton, VA, 1994 :

B Air Condmomng and Reﬁ‘rgeratron Institute, "Drrectory of Certified Coolmg Equxpment," Arlmgton, ,
VA, 1994, N .

Energy Informauon Admrmstrauon
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Shell Integrity ‘

The EPRI, LBL, and GRI models account for energy conservation through shell retrofit.
EPRI’s REEPS and LBL’s REM models both use a sophlstlcated approach to account for °
-shell retrofits. The REEPS model groups different retroﬁts into several levels, with each level
asmgned a different cost and energy savmgs Over time, housing structures choose better
combinations of shell attnbutes causing a savmgs in energy consumption. The decision
process is s1mulated by a logit function that weighs parameters such as first cost, energy
.savings, and discount rate. The LBL model nses conservation supply curves to describe the
‘trade-off between investment in drfferent shell measures and the energy savings associated

' w1th them ‘The choice to retrofit depends on the cost of conserved energy. If the retrofit

’ .option saves more money than 1t costs, the option is selected. The. GRI model assumes an
exogenous rate of annual improvement. o

l?easons for Selecting the NEMS Residential Sector Demand Module Approach

Execution time and memory requirements eStablished in the design stage of the NEMS model
development effort .cont-n'bute to'the ultimate design of the Residential Sector Demand
Module. - The component approaches for modelmg housing stock, appliance stock, technology
‘. choice, and shell mtegrrty are designed in a modular fashion to facilitate enhancements to -
each component desrgn The module desrgn draws upon aspects of the REEPS DRI, and
GRI models discussed above, attemptmg to enhance prev10us modeling methodologles but
retammg as much simplicity as possrble in the modelmg approach. The current module

design is flexible enough to lend 1tself to further enhancement in all components.

' Table 1 compares the prevrous EIA resrdenual sector demand model with the NEMS
approach The Resrdenual Energy End—Use Demand Model (REEM), developed i in 1989,
consrsted of four modules—-housmg stock servrce 'demand service capacity, and new
technology choice: REEM was used to produce long-term projections of residential energy

. consumption. errtatrons of REEM as compared to the NEMS Reside ntral Demand Module

include: -

- Energy Information Administration . .
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1) Inability-to track appliances through time, - S

2) Projections were generated for only four Census regions (Northeast, SoUth,

) M1dwest, and West)

| 3) Only six fuel types and six services were con51dered

g

A8) D1d not exphcrtly include dispersed renewable technologles, and

4) Did not incorporate consumer choice parameters in the technology choice module,
5) Technology choice methodology was limited to a life- -cycle cost épproach :
6) D1d not produce energy consumptron forecasts for each service by fuel type,

7) Did not forecast a1rbome emrss1ons

9 D1d not account for weather effects

N~
Energy Informauon Adrmmstratlon , S
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Tablé 1. Comparison of Previous EIA Model (REEM) and NEMS‘ Residential Sector

Demand Module

‘Conceptual Task

REEM Methodology

NEMS Methodology

Forecast housing

‘'stock additions

Incfease additions (for
each housing type) by
proportion of national

housing starts. Regional

shares of each housing

type are constant over time

-~

Forecast by housing type and

region, based on demographic

* variables exogenous to the

Residential Module. Housing
starts by type and region provided
by the NEMS Macroecoﬁomic
Module

" Compute and forecast
appliance stock and
appliance pénetratipn \
for new and existing

“housing -

No stock method
émployed; 'use service

demand and capacity as:

. proxies

_Count appliance stock in base:
year; vintage and add equipinent
- over time; forecast penetration

based on assumptions

Choose equipment to

demand

1]

' meet appliance stock ‘|,

Use logit function based
on life-cycle cost
minimizing; assume initial

equipment shares, fixed

- discount rate, and inertia

factor (lagged penetration)

.Segment market based on type of
acquisition, house type, etc.; vary
consumer preference parameters

by service type.

Caléﬁlate energy

consumption.

Weight share of eduipment

chosen by airé_rgge

-efficiency for each fuel

and apply to service

demand

Weight share of equipment chosen
by average efficiency fort‘each .

technology and apply to appliance .

| (unit) demard

NEMS Residential Demand Module Documentation Repert.
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4. Model Structure

v

Structural Overview .

The NEMS Resldential Sector Demand Module cha;actel‘lzes energy consumption using an

algorithm that accounts for the stocks of housing a’nd'appliance‘s, equipment market shares,

and energy intensity. The module aSSesses the' shifts of farket shares between competing ‘

'technologies' based on assumptions aboyt‘ the behavior of residential consumers.

The NEMS Re31dent1al Sector Demand Module is a sequentlal structured system of

algonthms with succeedmg computauons ut1hzmg the output of previously executed

A 'components as inputs. The- module is composed of six loglcal components: housing stock
.forecast, technology cho1ce, apphance stock forecast building shell mtegnty, energy
.consumpuon and emtss1ons forecast. '

B Housmg StockForecast T o o e

The locat:wn and type of housmg stock are the pnmary model drivers. The first component

uses data from the NEMS Macroeconom1c Actlv1ty Module to prOJect new and ex13t1ng

housmg for three (welhng types at the nine Census Division level. The three housmg types

‘areasfollows D - o

. o+ Single-Family Homes
._ oo Multlfamﬂy Homes I
Tt Mob1le Homes e

/

' Technology (Equ:pment) Cho:ce _
- 'The Technology Choice Component snnulates the behav1or of consumers by forecastmg
market shares of each avaﬂable equipment type New and replacement equipment decisions
are modeled for each technology type. For new construct10n, home heating fuel is determined -
by relative life-cycle costs of all competmg heatmg systems.

- B - - . ' -\.
e : Energy Tnformation Adnumstranon ' o ,
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Relative weights are determined for each equipment type based on the existing market share,
the installed capital cost, and the operating cost. These relative weights are then used to .
comput;e the market shares and composite ‘average efﬁeiencies for each service. The

technologies are dlstmgmshed by the service demand that they satlsfy, by the fuel that they

consume, and by their efficiency.

Appliance Stock Forecast o
* The Appliahce Stock Component forecasts the number of end-use appliances within all
occupied households. This component tracks equipment additions and replacements.

. Equipment is required to megt the following services: -

* Space Heatidg. . -*'Space Cooling
* Water Heating - e Refngeraﬁon C S
o Preezers-~ =~ - P Clothes Dryers' *

» Cooking

' Bu:ldlng Shell Integnty i

, Buﬂdmg shell mtegnty is modeled for existing and new housmg The ex1st1ng housmg stock
| responds to nsmg prices of space: condmomng fuels by i 1mprov1ng shell mtegnty Shell |
mtegnty unprovements mlght range from relatively i mexpenswe measures (such as caulkmg

and weatherstnppmg) to pI'OJCCtS with. substantial costs (such as window replacement).

New housing stock also incorporates shell integrity improvements. The shell integrity of new
conStructlon is assumed to improve throughout t.he forecast horizon, as building codes and

other efficiency programs become ‘more w1despread

" Energy Informauon Administration- , _
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Table 2. Services and Equrpment in the NEMS Resrdentlal Sector Demand
Module _ / ) ;
_-_———_
Space Heating Equipment '
Electric Furnace
-Electric Heat Pump -
Natural Gas Furnace .
Natural Gas Other (Hydromc)
Kerosene Furnace
.LPG Furnace
Distillate Furnace-
Distillate Other (Fydronic)
Wood Stove
. Geothermal Heat Pump
" Natural Gas Heat Pump

R Space Coolmg Equipment -
Electric Room Air Coriditioner
Central Air Conditioner .+ -

. Electric Heat Pump . ‘
- Geothermal Heat- Pump

. Gas Heat Pump .

- - Hot Water Heateérs - - o PR
»  Solar Thermal - _ - N . -
'~ -Natural Gas A A : '
- "Electric Resistance =~ = © - - ¢ .
. Distillate -
LPG

Refngerators s
. 18 cubic-foot Top Mounted Freezer . ' S
_24 cubic-foot Slde-by-Slde W1th Through-the-Door Features oo

_".Freezers -
. Chest Manual Defrost . -,
“ Upright Manual Defrost

Lighting

"Incandescent -

Compact Fluorescent - o S ,
- Mercury Vapor S oo . h

L Energy Informauon Admrmstratlon
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" Energy Consumption , : / | .-
The Energy Consumption Component calculates end-use consumption for each service and
fuel type. The consumpnon forecasts are constructed by multiplying the number of umts in
the equ1pment stock by the average technology UEC. The average UEC changes over time as

the composition of the equipment stock changes over time.

In each year of the forecast, tne following steps are performed to develop the energy
consumption forecast: a

1. ,' Aforecast of housing stock is generated_based on the retirement of existing housing -

-stock and the addition of new construction as determined in the MAM.
2. Pre-1991 vintage equlpment stock is estlmated accountlng for housing demohtlons and

additions.

3. Market shéres are determined for 'equinment types by service.
4, The prev1ous year’s equlpment addltlons and replacements for both pre-1991 and post-

1990 vintage are determmed based on the current year market share. ‘
5. Efficiencies weighted by‘ ‘market share are calculated.

6. Fuel consumption is calculated usmg UEC and the welghted efﬁc1enc1es (she]l

/

mtegrmes and household s1ze, if apphcable)

" Flow Dlagrams | ,

This section mcludes flow dlagrams representing the structure of the NEMS Residential
Sector Demand Module. Figure 1 presents the overall sequential structure. Flgure 2
illustrates the Housing ’Sto'cl‘c Component flow. Figure 3 provides the flow of the Appliance

" Energy Information -Administration = :
.. . NEMS Residential Demand Module Documentation Repert - : 25




~ Stock Component. The Technology Choice Component flow is represented in Figure 4, and

" the Consumption and UEC Component flow is provided in Figure 5.

_ The overall sequential structure as illustrated in Figure 1 details the six primary steps that
calculate the final residential sector energy consumptlon and aerome emissions. These s1x

steps are discussed inthe first chapter of this report. )

f‘igure Z‘illustrates the Housing Stock Component of the module. This comp‘onent draws
upon existing:housing characteristics from the RECS data base and new housing

: characteristics from the MAM ~forecast. The Houslng Stock calculates housing’ stock

" additions, surv1val and retlrements in order to produce the total housmg stock by’ vintage,

: type, and Census D1v1sron

F1gure 3 ﬂlustrates the Apphance Stock Component of the module. The base year existing
. stock of maJor household apphances is denved from analysis of the RECS 1990 data.

: :Apphance retlrements are determmed based upon the minimum and maximum equlpment

lifetimie assumptlons dlSCllSSCd m the Fundamental Assumptmns section of this report.

:Addmons to the apphance stock are calculated in this component, as is the surviving stock of | '

- ,eqmpment.

| Frgure 4 ﬂlustrates the Technology Choice Component of the module The ex1st1ng,
replacement, and new apphance stock charactensncs are utilized by this component to

:detennme the. stock requnements " Technology charactenzatlon mformanon input to this

‘ component determmes the set of equipment from which the requrred choices are made. The

_ consumer chorce loglt funcuons by decision type determine the. type, number, and equipment

’ ‘efﬁc1ency by end-use service.

' Figure 5 illustrates the Consumption and UEC Component of the module. This component
utilizes the base year UEC information developed from the RECS data, the technology

-

- - . H

. Energy Information Admmrstranon o
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/

selectlon 1nformat10n developed prevmusly, bulldmg shell mtegnty, household size, and

heating- and coohng-degree day effects to determine end-use consumptlon

-

- Energy Information Admm1strat10n
NEMS Residential Demand Module Documentation Report
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Figure 1. NEMS Residential Sector Demand Module Basic Structure

- o . | rorecast -
S | HOUSING STOCK -

A

CHOOSE
 TECHNOLOGY

.| FomecasT L
+ | #PPLIANCE STOCK -| -

- V : ~ N
CcHoosE, T | -
"BUILDING SHELL."

S 4
_COMPUTE ~
CONSUMPTION -

Coox oo caLourE - -
- EMISSIONS -

CT Energy Informauon Admmxsiratlon .
. NEMS Res1dent1a1 Demand Module Documentauon Report’



Figuren-z. Housing Stock Component Flow
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-Figure 3. Appliance Stock Component Flow
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Figure 4.

1

Technology Choice Component Flow

SAMPLE TECHNOLOGY DESCRIPTION
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FORTRAN Code Subroutine Process Description

The NEMS Residential Sector Demand Module FORTRAN source code. consists of more than
50 subroutines sequentially called durmg the execution of the module. Table 2 lists the major
| subroutmes and their correspondmg descriptions. The subroutines can be grouped into the

following 12 categories according to théir functions:

1)  Fuel Price Subroutines (2)

The.code includes the following two subroutines for reading and printing fuel prices:

RDPR . reads in fuel prices from the NEMS system.
" PRTPR print fuel prices

' 2) Initialization Subroutines (2)
. The code includes the following two subroutines for iIlitializéu“lon purposes:

INTEQT . initializes heating equipment market shares and applies the decay rate to
‘ the ex1stmg equipment. _
ISHLEFF uutlahzes the housing shell mtegrmes for new and e)ustmg housmg

3 Housmg Subroutmes ¢))

The code mcludes the following two subroutines to assess housmg stocks

. EXHSE initializes the existing housihg or the pre-1991 x}intage of 'housirilg.‘ It
S then.applies the housin;g decay function to these values to compute ;he
sﬁrviving stock of ho‘usirig of the pre-1991 vintage in every year in the‘
.~ . forecast. | ’ .
NEWi:ISE Reads housing starts from NEMS Macmecon%iq Activity Module and

computes new housing stock
; >

. Energy Informauon Admlmstranon
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4) - Existing Equipment - RD Subroutines (10)
The code includes eight subroﬂtines that read and project pre- 1991 (existing) vintage
equipment by service. In each of these subroutil}es, the following operations are

performed: -

-1 The equlpment market share is read from an exogenous data file by equlpment type,
housmg type, and Census D1v131on o
) ) The base year equlpment stock or the pre-1991 v1ntage stock is determmed by
i mu1t1p1ymg the share by the amount of ex1$t1ng housmg

: 3. Surv1vmg equlpment of the pre-1991 vmtage 1s forecasted usmg the equlpment

B surv1va1 rate and the housmg decay rate for every year in the forecast.

‘.
M

“'These subroutines are as follows: ~ =~ - R I -

RDHTEQT . =
RDTEQT R T
RDDRYEQ ‘
" RDRFEQ -
RDFZEQT

" _RDCLEQT. ..~
RDRET

5)  Technology Choice - TEC Subroutilies (s) .

: L Energy Informauon Adm:mstrahon , . .
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The code includes eight techtldlogy choice subroutines that follow th\ese general steps:

Initialize capital costs and equipment efficiencies.

S'et,discount rate, adjtlstment factors and present value horizon.
Compute operating costs of each equipment type.

Compute life cycle costs of each equipment‘type. -

Compute heating system share for new housing.

Calculate new and replacement equlpment welghts based on the bias, cap1ta1 cost, and
operating costs using a logit funcuon :
New market shares are calculated by d1v1dmg the equlpment weights by the total

equipment welght

_ Efficiencies for equipment types are calculated for new and replacement equipment

7

weighted by their respectlve market shares
These subroutines are as,foilows;' :

HTRTEC
RACTEC

CACTEC

H20TEC

CKTEC o | -
DRYTEC . . .. T
REFTEC ; | '

\

In addition to the TEC subroutmes, the LTCNS ‘subroutine asmgns market shares to the

different hghtmg technologles '

6)

-Replacements and Addiﬁons - ADD Sﬁbrduﬁnw

, Energy Information Adm1mstranon .
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The code contains seven equipment replacement and addrtrons subrouunes The TEC
. subroutines for each service are followed by "ADD" subroutines that calculate the new
and replacement equipment for the prevrous year based on the resultant current year’s
market share The following steps are implemented in these subroutines:

The post-1990 vintage equrpment additions are determmed by the share of new (post-
1990) houses from the MAM that demand that service. _ : :

* Computé the‘survi\‘ring‘ post-1990 uintage equlpm'ent in pre7199l vintage houses.

' Compute total equipment_ requlred.for pre-1991 vintage houses: o
, 'Compute the equipment replacements in pre-1991 vintagehouses by suhu‘acﬁng the
surviving pre-199l vintage eqmpment and the- surv1v1ng post-1990 vmtage equlpment
- in ‘the pre-1991 vmtage houses from the total equlpment demanded for pre-1991
. vmtage houses L '
g Compute the surv1vmg post- 1990 vmtage equrpment that were purchased as e1ther

addmons or replacements for post—1990 houses.

B Calculate the current year s replacements of post-1990 vmtage eqmpment in post-1990

houses by subtractmg the survrvmg replacements and equlpment addltIOIlS in post-1990

’ ‘housed from the stock of surv1v1ng post-1990 houses

- These subroutines are as follows:™ - LT

HADD
WADD - -
“SADD

o Energy Information 'Administration’ . ‘ ’
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8)

DADD
COOLAD

. FADD -

ZADD

End-use Consumptlon CNS Subroutmes 11) -

The code contains 11 end-use consumptlon subroutines defined. by service. The ADD

‘subroutines are followed by consumption subroutines. Within each of these

subroutines .the new, replace'menf and average unit energy consumption values are

-calculated. These UECs. are then multlphed by the equlpment stock (and climate

adJustment factor and shell integrity for space conditioning) to yield final fuel
consumptlon. These subroutines, which follow, also include a price sensitivity

expression that a,djusté short-term 'deménd for fuels:
HTCNS

CLCNS

HWCNS .

CKCNS.

DRYCNS

" RFCNS
FZCNS

LTCNS

APCNS
SHTCNS " - -
~ APPCNS _ AR

i

Emlssmns Subroutme (1)

The émissions from the res1dent1al sector are calculated in the IRSEM subroutine

. ) Energy Information Administration ]
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using the quantities of fuel and exogenous emissions factors. -

9)  EPACT Subroutine (1)
-The model includes a subroutine 1dent1fied as EPACTWD to estimate the EPACT

window labeling impact.

10) ' Overall Consumption - CN Subroutines (2) ‘
_ The model includes the following two subroutines that calculate overall fuel

consumption and list output NEMS consumption:

~© FUELCN  calculates fuel consumption .
- NEMSCN ! Output NEMS cons'_umptioh'
11 Hlstoncal Consumptlon/Cahbratlon Subroutmes (2)
" The code includes the followmg three stibroutines to determme historical energy

‘ consumpuon and to cahbrate to the hrstoncal SEDS ‘values:

EXCONS calculate 1990 consumpuon ' . ’
‘ SDCONS calibrate UEC’s to SEDS 1990 consumpuon
i _RSBENCH cahbrate consumpuon to 1991 1994 SEDS consumpuon

" 12) ,Report Subroutmes (7) AR N S e
e The followmg seven subroutmes produce the output reports ‘

" PRINEM™
- PRSEM _ |
_NMSRPT1 . R
RESDRP | ' S SR
- . ~_Energy Informauon Admlmstratmn )
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| Table 3. Primary NEM_S Residentia} Sector Demand Module Subroutines, p-1
_-_.—_—_

Subroutine Name Description of the Subroutine
RDPR Reads prices
INTEQT o initialize heating\ equipment market share
EXHSE | Initialize existing hoﬁses; project
- RDHTEQT I P,roj'ect 1990 vintage hee.ting equipment
| RDCLEQT  -°| Broject existing cooling equipment
' RDHWEQ " Project emstmg hot water heating equipment
. RDFZEQT Prolect existing freezer equipment - 1
- RDDRYEQ | Project existing clothes dryer equipment ‘ :
RDCKEQ . - PmJect ex:stmg cookmg eqmpment
"RDRFEQ ~° "' | Project ex1st1ng refngerators ‘
e ~RDUECS Initialize equipment UECs (service aggregates) .
| Excons: | cacutae 199 consumpion
.|L ' ISHLEFF - | ‘Initialize shell integrity ~ ~ . . B f
1 spcons- - | catibrawe t0 SEDS 1990 consumptlon :
NEWHSE . » _Calculate new hounsing. -
- H2_0TEC | ‘choose w water heating equipméni
‘ l-WAl‘)D T - Calculate’ new water heatmg eqmpment additions and' replacements
‘ HWCNS -~ - Calculate. consumpuon for ot water heatmg
- CKTEC * ~ | -Choose cookmg equipment - 2
.. SADD ‘Calculate new and replacement stoves |
R CKCNS | calcutate consumption for cooking
DRYTEC ~ | Choose dryer equipment 3
" DADD | Célcutate new and replacement dryers
DRYCNS ~ -| Calculate consumption for dryers

N —.-—.- . . . — . .
o LT Energy Informauon Adm1mstrauon : . Lo '
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Table 3. Primary NEMS Residential Sector Demand Module Subroutines, p. 2

" Subroutine Name Description of Subroutine

RDEFF Read in efficiency of retiring equipment from 1990 stock
RDRET Read in proportion of retiring equipment from 1990 stock

HTRTEC Choose heating equipment and compute éverage efficiencies
HADD Calculate new and replacement heating eqilipment‘
HTCNS . Calculate heating consumption

RACTEC Choose room air-conditioning equipment and compute average efficiencies

‘ CACTEC Choose central -air—comﬁtioning equipment and compute average efficiencies

COOLAD Calculate new and replacement cooling equipment
CLCNS Calculate cooling consumption

REFTEC Choose refrigeration equipment
FADD Calcﬁiatc;, new 'and replacement reﬁ‘igeratorsA
RFCNé o Calculate energy consumption for reﬁiéeratdrs

FRZTEC' Choose freezer équipment ,
'ZADD *’Calculate new and replacement freezer equipment
FZCNS . “Calculate consumption by freezers
LTCNS , Calculate lighting consumption' A - )
APCNS' Calculate conéumpﬁon for other appliances *

SHTCNS - Calculate consumption forAseconda‘ry heatinf.g\

'APPCNS - Calculate appliance consumption . A .

" FUELCN Calculate- fuel éoﬁsumplion : o
.- RSBENCH Calibrate consumptmn to benchmark values -~
PRTNEM Output NEMS consumption values e "
PRSE - Output emissions ’

) Energy Information Admlmstratlon
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Key Computations and Equations

This section presents the detailed calculations used in each of the module components. The
calculations will be coﬁched in terms, of the space heating end use because it provides the |
best examples for generalization Calcuiations for other end uses follow the space heating
pattern, but different variable names are applied. For more deta11 refer to Appendlx B, where
calculations. are prov1ded at the subroutme level, Table 4 shows the correspondence between
‘the subscnpt in the documentation and the subscnpts in the FORTRAN source code. All
varlables appearmg in the equatlons are cross—referenced and fully defined in Appendlx A,

- Table A-

" Table 4. Definition of Subscripts

Subscript in Documentation, S Subscript in the FORTRAN Code
roo : C ’ | DorR, refers to Census'Di\;isiqn
4. ) . -+ | Y, when Y is a year increment -
f o - . : - |'B, fuel types |

b : B o B, housing type

y _ Co o ) ) Y, YR, or’Yl, th_e annual index
P - o ‘ .| P, pollutant

eg: I ‘_ S g .| E, general equipment type
s - B | E2, specﬁc eqﬁiﬁmeptAWpe,_ |

- Please note the followmg conventlons
- - The above table of subscnpts includes a]l of ‘the major usages. In some mmor
- instances, addmonal subscripts are defined as needed.

.- - . P -

S ~ ' Energy Information Administration . s
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. The equations follow the logie of the FORTRAN code very closely to facilitate an
understanding of the code and its structure. In several instances, a variable will appear
on both sides of an equation. This is a FORTRAN programming device which allows
a previous calculation to be updated (for example, muitiplied by a factor) and re-stored

‘ under the same vari_able name (i.e., in the same memory IOCarilon).
- The subscript, y, in the documentation refers to the year represented as 1990 through

.2010. In tne FORTRAN code, the subscripts for Y, YR and Y1 represent array

d1mens1ons startmg with an mdex of 1 to represent 1990 (in some cases, the array

index of 1 represents 1991 as explamed below). Not all arrays begin ‘with an array

posmon for 1990. Spemﬁcally, the arrays representing and relatmg to equipment

added after the 1990 base year begm with the first array position representing 1991 to

economize on memory storage. .

- . Some variables are documented as having a- "y" dimension when in fact they do not.

| The most common mstances are for the vanables LFCY, OPCOST,LSA SHARESN
and SHARESR. These vanables are calculated on an annual basis, but are retained -
. only for the current year. The "y" d1men31on is used in the documentatlon to hlghhght '

1) that the calculauons do vary by year, and 2) to indicate the current year in formulae
to avoid confusion. ‘ ‘ ' ‘

- Summations wh1ch take place over a]l relevant vanables will usually be written

" .without upper and lower range hm1ts on the summatxon '

‘- Unlees otherwise stated, the range of y for an equation is 1991 through '2010.‘ :

Housing Stack Component ’

The Housing Stock Component tracks the number of ex1$tmg dwellings by addmg newly built

homes to the inventory and subtractmg demohuons Housmg construc t10n starts are obtained

from regional outputs of the MAM. Existing base year housing stock is de31gnated as the

"pre-1991" vintage, and new additions to the "housing stock are referre:d to as the "post-1990"
. vintage. Additions and replacements for both housing vintages are tracked through the

. , Energ"y Information Administration )
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forecast period.

Houses are removed from the stock at constant rate over time. The survival rates for the
household types (HDR,) are as follows:
‘Single—Family Homes: 0995 = HDR,

- Multifamily Homes: 0.990 = HDR, . ’ : .
: Mobile Homes: , 0.961 = HDR, ‘

, The strviving 1990 housing stock is defined by . . = -
 EH,,, = RECS data, iy =190
EH,,, = EH, .5, * HDR, - 'ify > 1990

e

i where, ‘ ' . -
‘ EH,,, = ,is'.1990 housing stock surviving by year, houéing type and Census

- Division. -

Technolagy Chmce Component ,
The Technology Ch01ce Component uses a logit function to estlmate ‘technology market

y «shares. ‘The module is able 'to calculate market shares based on consumer behav1or as a

. functlon of blas, cap1ta1 costs, and operating costs or as a functlon of life-cycle costs.

The seven ma_]or services modeled are:

" ; Space Heatmg o
~ Space Cooling . )
Water Heating - o o B
Cooking ., o o ‘
“Clothes Drying- o
.+ Refrigeration
" -Freezers -~

[ EnergyInformauonAdmlmsnauon ‘
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Lighting and other appliance decisions are modeled differently from the major services listed

above.

Equipment operating costs are computed by the expression,
{ . . '

1 1

OPCOST,,.,, = PRICES,,, x HIUEC,,, x |1+ 2% e Q)
, BASEFF,
whete, . ’ . , )
OPCOST weshr - is the operating cost for the specific equipment type by yeat',
* housing type; and Census Division, .~ k '

PRICES,,, T isthe fuel pnces for the equipment by fuel, by region and

| forecast year, S ' R ‘
}H'UEC,.E;,, ‘ .. 1s ‘the unit energy consumption by CenSUS D1v1smn, general

| | equlpment type arid housmg type,
EFF,, - : - is the spemﬁc equlpment efficiency,
‘ BASEFFQ; . ' ts the 1990 _stock—average efficiency. . o L

The consumer is allowed to choose among the vanous levels of cost and efﬁclency fora
glven piece of equlpment Spec1ﬁc equlpment (denoted by es) refers 1o the. same type of
equ1pment with different efﬁmency ratmgs “(e.g., h1gh vs low efﬁc1ency heat pumps) ‘General
) ,equlpment (denoted by eg) refers fo the type of equipment (e.g., heat pumps).

'The module includes the-option of using hfe—cycle costing to calculate market share welghts

: using a loglt funcuon The hfe cycle cost calculatmn is,

1-( +‘DI&R15-HOR’Z‘5N (3)
LFCY,,,, = CPCOST,, + OPCOSI;W by X o !

r Energy Informauon Admlmslratmn ’ o -
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where,

LFi CYW br - is the life cycle cost of specific equipment by forecast year,

housing type, ‘and census division,

¢

CPCOST,, is the installed cap1tal cost of the equipment by specific.

equlpment type, \

HORIZON is the number of years into the future that is-used to compute the
o . present value of future operatmg cost expenditures presently set _
o ' to seven years, and a o
DISRT ’ o . is the discount rate applied to compute the_'present- value of

future operating costs presently at 20-percent.

s

A weight for each general equlpment type is calculated to estlmate the market share for each
of the 11 heatmg systems for new construct10n based on the cost factors computed above,

' base year Census construction data and the bias. The functional form is expressed as,

. HEAT}S'YSyeg ol B4y +p,xmcr 1 (4)
where, S T 7
HEATSYS oehr s the ’equipment_ weight’for general heating equipment for new

~ housing by year, housing type, and ~'Census Division,

-

"BIAS,, - isa consumer preference parameter that fits the current market

share to histoncal shipment data,

LFCYW, is the life cycle cost for the general equlpment type by year,
- housmg type, and Census Division; and ‘ '
B, o ~ is a parameter value of the logit funcuon. :

: Sumrning over the general equipment types computes,:the total weight for the general

~

Energy Informatlon Administration ST o
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equipment types:

where,
SYSTOT,,,

~

' where,

HSYSWGT sesir

' HSYSWGT

SYSTOT, ;.

_ equipment types. - ,

- The general equipment fuel share is computed by

yeghr =

eg=11 -
= Y HEATS

eg=1

HEATSYS, .25,
SYSTOT,

0 -

Y. S yegbr

-

(5

~ is the sum of general equipment weights for the all-general

, SYSTOT, w870 (6)

, _otherwz.ge

1s the general equlpment fuel share by year, bulldmg type, and )

Census D1v131on

A weight for eacn specific equipment type is&’calculated based on the cost factors cdmputed _

above and the bias. - The functional form is expressed as,

EQWIN ; o e[ausa + pl:cpcosr + pztomosrm, + p,, sr] - (7
EQWIR ., = el¥¥ * BrCPOOST, & 85=0COT, 0 + B2y . (8)
where, 4 - |
EQWIN,, s the equ1pment welght for new spemﬁc equlpment by housmg
- _ type, Census Division. and year,
EQWIR,..;, is the equlpment weight for replacement specific equipment by

Energy Information Admmxstrauon
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' hougsing type, Census'D‘ivisioh and year, \
BIASH,_ ‘ is a consurher preference parameter that fits- the currerit market
share to shipment data, .
CPCOSZ}S L s the installed capital cost for the spemﬁc equipment type in the
forecast year, o
OPCOSTM,,, ©is the operatmg cost for the spec1ﬁc equipment type by housmg
o type, Census Division and forecast year, ‘
.LF Cer,,,, is the life cycle cost for the specific equ1pment type by housmg
' " type, Census Division and forecast year, and

-

. A * . - - - . » -
i ﬁ,, B,B; . - are parameter values of the logit function.

- Sum over specific equipment types to get total weight for the general eqpipmeht types,

- Hef

mmmwm,,p X T, . o @
T P SRR .'(10)
i ‘ mm.mbf - _gw:.ﬁ- BOWIR s o B

K where ‘ S . \ .
- TOTEWTN veghr ., s the sum of ‘s’peciﬁc equipmeht weights for the new general .
) . ‘ equipment type, and . ‘ . L
" .TOTEWIR,,,. ‘, s the sum. of spec:ﬁc equlpment we1ghts for the replacement
T equlpment type, ‘ ‘

EQ peshr . s the spe01ﬁc equipment welght for new equipment, and.
EQWIR .., , T isthe spec1ﬁc equ1pment welght for replacementequlpment
E ey . rOTEWIN, , »0)
EQFSHRN,,,, = zpmwmm,, yeghs” | (11)

0o - , otherwise

. Energy Information Administrafion .
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~ EQWIR, 1, ' .
| 2=, TOTEWIR >0\ -
EQFSHRR” ey = | TOTEWTR 05, eg.br (12)
0 , Otherwise.

* where, o
EQFSHRN, ., is the fuel share of new specific equipm(;nt typc by year, housing

type and Census Division,

EQFSHRR yesir is the fuel share of replacement specific eqmpment type by year,
housmg type and Census Division,
TOTEWIN, ., is the sum of general equipment weights' for the new general
| equipment type, | '
'TOTEWIR,,,;,  .isthe sum of replacement general equipment weights for the
L " new general equipment type, | ‘
EQWIN,,..,,, is the specific eqliipmeﬁt weight for new equipment, and C
EQWIR,,,,. is the specific ecjuipmerit weight for replacement equiﬁrx_lent.
' ' S HSYSWGT, 3)
NHTRSH, - E FSHRN HSYSSH, —“’b" ‘
&""” e ( - Rissragnr HSYSWGT 5 1, )
RHTRSHR,,.,, = EQFSHRR,.,, - @
where,

NHIRSHR esbir is the new market share for the speciﬁc equipment type by
) housmg type, Census Division and forecast year,

RHTRSHR

y.es,b,r

is the market share of replacement specﬂx ic heating equipment by
housing type, Census Division and forecast year,

EQFSH esr is the fuel share of new spec1ﬁc equipment type by year, housmg

: " Energy Information A&ministréﬁon" .
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‘ type and Census Division,
EQFSHRR esbr is the fuel share of replacement sp'ecific equipment type by year,
‘ housing type and Census‘Divislion,
HSYSSHR, cabr . is the base year market share for general eqﬁiprhent by housing |

type and Census Division.

The new weighted equipment efﬁciencieg,are then computed as,

( S
NHTRSHR .5, |
z[

es

é

E N, HVHE‘SHR)!.GS.M (15)

o WTHEFFNy esbr= ENHZRSHRM by &
‘ 1. )
© ————— , Otherwise.
BASEFF,, , -~~~

'whe.re, _ . : A ‘
’ WTHEFFN eg,,, ‘ 1s the new weighted ‘equipment effimency for each general

equipment type by year, housmg type, and Census D1v1s1on

Appliance Stock Component oL
The appliance stock component n'acks the maJor energy consummg equipment by housing

vintage and equipment _v1ntageA for additions, replacements, and surviving equipment.

N

* . Energy Information Administration '
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Heating Equipment, UEC and Housing Shell Accounting Scheme

~ Equipment

Housing Units which
Existed in 1990

Housing Units Added
From 1991 through 2010

—HTRPY0

HTSR90

HTESE

UEC - Shell -

HRUEC EHSHELL

HAUEC EHSHELL

HTUEC EHSHELL

. Equipment UEC Shell

HTRADD ‘| HNUEC NHSHELL °

HTRREP | HNUEC AHSHELL

HTRSUR | HAUEC AHSHELL

!

The above representatlon depicts the equlpment accountmg methodology The subscripting -of

the variables is not included for sunphcuy, but will be explamed below. The equipment

- accounting system partmons equlpment into two major. categones dependmg on the vintage of

. the housing umt equipment installed in housing units which ex1sted in 1990 (at the -
‘beginning of the model rgm) and equipment added to new- h‘ousing units (those added during
the inodel run). Eouipment’ is further partitioned into three'additi()nkal survivaﬂrepiacerhent
"cetegol'i:es: eguipmeni which survives, equipment purchased to replace other equipment, and

equipment purchased for new construction. The categorization of equipment by housing

'Vinmge and surviving/replacement type results in six categories of ecjuipnient that are tracked.

The equipment cateéories for existing housing units are: .-

- HTESE deriotes the surv1vmg 1990 equipment stock,

HTSR90 represents equipment from the 1990 stock which has been replaced after
. 1990 and which still survives, and

HTRPI0 is cufrenf—year replacement equipment for 1990 housing.

: ‘Energy Information Admm1strauon ,
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For housing units added after 1990:
HTRSUR denotes equrpment wh1ch has been modeled as added and still survives,
HTRREP is equ1pment which has been modeled as added and is in need of
replacement in the current year,.and

HTRADD is equipment for housing units added in the current year.

Unit energy consumption (UEC) is tracked for equipment added by category of houslng unit:
HTUEC is’ the average UEC for survrvmg equrpment in housmg units which existed in
_ 1990 )
. HAUEC is the average UEC for surv1v1ng equlpment 1n-hous1ng units added after
- ~1990
HRUEC is the UEC for all equlpment added in the current year to replace 1990
” eqmpment, and - T
HNUEC i 1s the UEC for all equrpment added in the current year for homes constructed
| after 1990. |
Shell indices are modeled for three categones of housmg units: '
EHSHELL is the shell index apphcable to housing umts exrstmg in 1990 ,
- AVSHELL is the shell mdex apphcable to housmg umts added in all but the current ‘
-',yearand o

NHSHELL is the shell index for housmg umts added in the current year. -

- For example in accountmg for the heatmg energy consumptlon of surviving equrpment

_mstalled in housmg units which exrsted in 1990, the equrpment stock, HTESE would be
multiplied by the unit- energy.consumptron, HTUEC, and by the she]l,lndex EHSHELL. This

: eiplanation was designed for ’accounting for heating equipment, but the"accounting principle

is used throughout the res1dent1al module. For the existing housing example above, the

| appropnate space cooling varrables would be CLESE CLUEC and ECSI-IELL The shell

indices apply only to heatmg and coohng, thus, for example for refngeratlon the accounting

Energy Informauon Admxmstratmn , :
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"requires only RFESE and RFUEC.
The housing decay rate is used in conjunction with the equipment survival rate to determine
the number of equipment units that survive/retire each year in the forecast. A linear funcnon
is used-to model the retirement of equlpment after a m1n1mum age is reached up to its

maximum age. The linear function is expressed by,

: yt<L,:10

S y=t = Ly
= < y-t < 2 min | (16)
. .SVRZE:,LWLM Lo <51 < L, 10[ ) -
. ‘max ‘min
) y-t= Lm: 0.0
where, , \
SVRTE, ,1minimex * is the equipment survival function,
.yt - ' - is the age of the equlpment,
Ly, . . ~ . - the mmnnum equlpment hfeume in years, and .
Ly - is the maximum equipment lifetime in years.

Equipment in post71999 (neW),hou§es is calculated by n_:ulﬁplying the new houses by the

market share of general 'equipment. “This is expres'sed as,

1

HIRADD HSEADD xSHARESN L an.

y.cg.b.r

where, )
HTRADD ez is thc'lnumbc'r of post-1990 vintage éqﬁipment added fo new
_ houses by forecast year, housing type anii Census Division,
.~ HSEADD,,, ’ is the number of néw hqusing units consiructed in the forecast

year by housing type and Census Division,

Energy Infé:matiox{ Administration - _ . .
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. SHARESN,,,,,,, * - is the current year market share.of general equipment by housing

" type and Census Division.

The surviviné post-1990 vintage equipment in pre-1991 houses is computed as,

« y ~ 1 -
;}1‘;1 ¢ HTRP90m -

t

HTSR90

yegbr

« SVRTE xHDR"' ) (18)

y- t,Dnm,Ierax

where; . : ‘ :
. HTSR90 hestr is the surv1vmg post-1990 vintage equipment in pre-1991 houses
- wh1ch accounts for housmg 'demohnon and ‘equipment by
_housmg type and Census D1v151on, )
‘HTRP90, g . is-the number of replacement (post-19§0 vintage) equipment
= units demarided each year'in pre-1991 houses by housing type
” -and Census Division, - ) ' |
SVRIE,, in e~ _' _is the equlpment survival functlon _ ,
HDRP o ‘ . is the housmg survival rate by housmg type, and

' oyt .- - represents the age of the equlpment.
* Total equipment required fof prs-1991 houses is computed as: -

-

HIND90 HTESE \g50,055, < HDR, , if y= 1990) (19)
.cg»bf HTND90’_1 - mxHDRb > zf y>1990 ‘
‘where, | " ‘ o
) H’IND90 g L 1s total equipment required for pre-1991 houses by year, general
S eqmpment type, housing type . and Census D1v1s10n, ‘ |
HTESE;099,,, O isthe ex13t1ng stock of equlpment m 1990 by housmg type and )

. Energy Infonnauon Administration .
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‘ Census Division,
HTNDY0,,,.,, 1isthe total amount of equipment demand in pre-1991 houses by
B housing type and Census Division in the pre\}ious year,

HDR, is the housing survival rate by housing type.

o~

14

Replacement units (post-1990) equ1pment required for pre—1991 houses in the current year are
calculated as, - '

HTRP90

b ~HISK90, ., 20

y.cg.b,r

m 9owg,b,r HIESE”&”
. where, | - '
| HTRP90y,eg,,,_,.. . is the number of replacement units required for pre~1991 houses
o K by fofecast year, housing type and Census Division, |
H,TND90,,,&,,,-, . is'the total equipment required for pre-1991 houses by forecast .
'  year, housmg type and Census D1v1s1on {i.e. the sum of
 HTRP90, HTSR90 and HTESE), |
HTESE, ..., - - is’ the surviving pre-1991 vintage stock of equlpment in pre-1991
' vmtage houses by forecast year, housing type and Census
] .~ Division, and o ‘
" HISR90,,.,, - s the forecast of surv1v1ng post—1990 vuntage eqmpment in pre- .
L 1991 houses | ' o
Surv1v1ng post-1990 equ1pment, ongma]ly purchased as addmons or rcplacements in post-

1990 houses, is calculated as,

» o Eﬁefgy Information. Administration ) :
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N y—l’ - ) ' (

21)

HTRSUR , .= Z [(HTRADD, - ’b,+H1RREPm 5 J)xSVRYEy 4 meHDR{," 1
* where, ‘ , S -
A HTRSUR, . g b E ~ s the surviving post-1990 equipment purchased as add1t10ns or -
- | replacements in post-1990 houses by housmg type and Census
~ Division, o : ,
‘ HTRADD,,_,g br is the quantity of post-1990 vintage eciuipment added to post-
‘ ' 1990 houses by forecast year, housmg type and Census D1v1s1on,
SVRTEyLL;nMDpa; is the equ1pment surv1val function,
- HDR, - - ’ ‘, " " is the housmg surv1val rate by housmg type,
HTRREP,e&,,, © s the number of eqmpment replacements of post-1990
o ’equ1pment in post-1990 houses, and
oyt . -.‘represents the age of the equipment.

‘  This value’ of the surviving postQ 1990‘ equipment is declucted from total demanded equipment

in post-1990 houses to y1eld the number of replacements of post-1990 equlpment in post-1990

houses

where,

y-1 - o )
HmREPm 5= %:91 (HZRADD -~ xHDR,’, ') HmSURm s
HTRREP, cabr - isthe number of equlpment replacements of post~1990
o, equrpment in post-1990 houses, '
* HDR, > . = | is the housmg surv1val rate by housmg type,

o x L Energy Informauon Admmlstratmn
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HTRSURy cabr . is the surviving post-1990 equipment purchased as additions or
replacement in  post-1990 houses by housing type and’ Census
Division,
HTRADD,,?g,,;,; is the quantity of post-1990 vintage equipment added to post- -
o 1990 houses by forecast year, housing type and Census Divisi_on,‘

y-t ' represents the age of the equipment.

Shell Integrity Camponent

The, shell integrity component uses three indices to capture the increases in the energy

' efﬁc1ency of building shells over time. One index corresponds to the pre-1991 housmg stock,
and two indices correspond to the post—1990 stock, one for housing constructed in the current
) year and the other for the average post-1990 stock.. The shell- mdlces are adjusted each year
. to account for fuel pnce mcreases (decreases have no effect on shell 1ntegr1ty, i.e., shell
efﬁcrency increases as price mcreases) and technology nnprovements The first step in this -

algorithm calculates the percentage price change for all heatmg fuelsas, -

——

. - PRI a .
T PRIDELTA CESf” PRICESJ‘»’ o0 1 (33)
. . ,f;' L Pmrczv:sf,,w90 _ PSTEP
Wnere, - , . _ , . :
"PRIDELTA,, © s the percentage change in price from the base year By fuel and

. ) Census Division converted to 5 percentage pomt mcrements
PSTEP . .- -isa constant which i is set to '0.05 to convert the percentage
” change-in fuel price to the number of 5 percentage point

** increments of price change,

PRICES,,, is the fuel price by fuel, Census Division and year, and
PRICESM 9% is the 1990 (base year) fuel price by fuel and Census Division.
’ Energy Information Administration
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'The existing housing heating shell index is calculated as,

. EHSHELL, —EHSHELLy " , if EHSHELL ,, > EHSHELL}, ' |
EHSHELL ,, = EHSHELL .= LIMIT , szHSHELL = LIMIT (29)

EHSHELLM,"I (PRH)ELTA x SSTEP) , otherwise

.- where,

E:HSHELLM, o is the shell mtegnty mdex for ex13t1ng housmg by year, fuel and
- - Census D1v131on -
’ LIMIT - o . limits the maximum shell index efﬁciency to 0.8 (i.e., maximum
‘ | 'shell efﬁc1ency is limited to bemg 20 percent more efficient than
. _ the base year value), and
.SSTEP \ L I s set t0 0.01 and i isa component of the shell elast101ty with

. respect to heating fuel pnce

. PSTEP converts the percentage change in pnce to the number of 5 percentage point ~
mcrements of price.change in Equatlon B- 33 In equation B-34, PRIDELTA is multlphed by
SSTEP and converted to the shell efﬁc1ency index. Every 5 percentage pomt increase in fuel '
pnce relatlve to the base year results in a shell efficiency index decrease of 1 percentage

pomt of the base year shell efﬁcrency up to the hmrt of O 8.

" The neyv honsing heating shell index 15 calculated as,

_ it > if NHSHELL ,, > NHSHELL,_,,, -
NHSHELL ;, = NHSHELL -LIMIT =~ .. ¥ NHSHELL < T (25)
NHSHELL NHSHELLW_,-(@ 1) x TECHG + PRIDBLTA . x SSTEP) , therwise

NHSHELL -NHSHELL

where, o : ' . : . '
NHSHELL,,, is the new housing units shell integrity index by year, fuel and .

Census Division,

i Energy Informatxon Admlmstrauon S
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TECHG is a parameter repres_enting the annual increase in new shell
integriry duae to technology improvemenrs (assumed to be 1.0
percentage points of the base year index per year),

' PRIDELTA,, is the percent change in price of the fuel by Census Division in
5 percentage point increments, ~
SSTEP is set to 0.01 and is a component of the ‘shell elasticiry with -
' - respect to heating'fuei price. ‘ '

"The average post- 1990 housing heating -shell index is calculated as, -

J
<é

e ;% INHSHELL, xHZRADDy cany AHSHELL ,,x( HIRREP 5 *HTRSUR __, )] 26
E . " o § EZ [HIRADD mr,b.r*HTRREP veghr ""mm{y.e&b,r] ‘
. where, . : X
AHSHELL,,, ’ is the average post—1990 heatlng shell mdex by year, fuel and
. | ~ Census Division, . _
- NHSHELL;,, 7 is the new housmg umts shell mtegrrty 1ndex by year, fuel and
L Census D1vrsron, : , o
| HIRADD,, . . .1s the number of equ1pment umts mstalled in new constructron
- by forecast year, housmg type and Census D1vrsron,
. HTRREP esibr s is the number of equrpment replacement. of post-1990
’ 7 ) "equlpment in post-1990 houses and '
"HT{{SUR,’eé.b,," a is the survrvmg post~1990 equipment purchased as additions or

replacement in post-1990 houses by fore. ast year housrng type

and Census Division: . \

- Energy Information Admrmsn'auon B L
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Consumption and UEC Component

Final end-use fuel consumption is determined by the fuels' demanded by :the equipment to
provide households with the demanded services. “For each general equipment type, the UEC
for new equipment, replacement equipment, and the average of all eqbiprnent is computed.

~‘New equipment UEC values are calculated as:

(WTHEFFN 1y

| . ENUEC,.,, - HTUECW o[t o5 Bty xHDDADI,if WIHEFFN>0 @
X \ BSEFF,, , S V
HTUEC, s sXHDDADJ - » Otherwise .
. | . i
- 'where A | . o T
HNUEC nesir is the unit energy consumption for new equipment‘ by forecast )
year, housing type and Census Division, ‘
WYHEFFN egbr is the general equipment‘ efficiency weighted by the market share
. of the specific equipment as co'mputed in the logistic function in
the technology choice component by housmg type and Census
o Division, ) ' ' _ o
.BSEFFe‘g‘ ' is the 1990 stock-avera{ge efficiency of the general«'eqnipme_nt
o - .. type, ) o ' S -,
- HZ‘UEC,, b . is unit energy consumption for the general equlpment type by
. ' ) Census Division and housmg type, and B
HDDADJ,’ »;m; is the heating degree day adjustment factor by Census Division

, B to correct for the unusua]ly warm weather dunng the RECS

" ‘survey year

Energy Information Ademstrauon . ‘
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Replacement equipment UEC values are calculated as:

(WFHEFFR, ., ~———)

share ‘of the specific equipment as computed in the logistic

" function in the technology choice component by housing type

" and Census Division.

Energy Information Adm1mstrat10n
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" HRUEC,, , = [PTUECragsX|l+—— ' =s_\xHDDADJ, , if WIHEFFR > 0| ®
| HIVEC, 5, xHDDADJ | , otherwise-
' where,
IliRUECy,eg,,,,, is the ‘unit energy consumption for replacement equipment by
) _7 housing type and C;nsus Divisi'on, , |
HI"EFF,_,s is the efficiency of the weighted average of retiring units from
- the 1990 existing stock, and ] .
W.’IHEFFR egbr | is the replacement equipment efficiency weighted by the market



‘The average UEC is calculated as:

( HNUEC, ;. , - _if y=1991 \
HNUEC egbr if the equzpment stock < 0
(HIIRP90 b, HIRREP, ., ) xHNUEC,
HAUECy,eg,b; ' + HTIRADD, ,, xHNUEC
r N (HTRSR90 .eg.b,r"'H.jRS URy.eg.b.v) XHAUEC y-leghr , otherwise
. . H’IRPQOm +HIRREP”8M+H’1RADD”&I,, ‘
N +HTRSR9O, . , ’,+HIRS

'3

. R ~ —
) .

e

URy,cg,b,r \ /

(29)

The final step of this algofiﬂirﬁ is to calculate consumption for the service category. This is
' aqcpmplishéd in two steps.j The first year bf the forecast is éémputed initially as,

)

HIESE thTUEC g X EHSHE. PRICES,
- HIRCON, ;15,,, EZ D, s, <HNUEC, ., xNHSHELL ,, —ﬁtI_E‘ES—“
. 16 HIRP90, . ,,xHNUEC, . #xEHSHELL’” y-18r
and subsequent consumption as,. i .
(  HIESE,, MxHTUEC xEHSHELL,,,
- + HIRADD, ; xHNUEC, ., xNHSHELL | -
| *+ HIRP9O , xHRUEC,, xEHSHEI.Ly PRICES
N 42 br fir
mcozvm XX\ + TSRO0, xHAUEC, 5. < EBSHELL 1y | * ]
b g br yhr P, RICES’_lﬂ,
R mRREP m,xHNUEC xAHSHELL, o
[ HZRSUIg“b,xHAUEC,N”xAHSHELLm, ;
= '
where, o
o is the short-term price elasticity, and

- "Energy Information. Administration .
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) ] (I-EPACTH, ) HDDADY,

\

30)

x(1-EPACTH, ) x iDDADJ, (31)



EPACTH, is the projected savings from the EPAC] [‘ window labelmg

program in year y-
Total Residential Energy Consumption by Fuel

The total residential energy con§umptlon for the nation is computed by adding all the

services’ consumption .by fuel for each census division as,

L RSFLCN i S Z (RSFLCN, f,) @
where, ' _
_RSFLCN,,, is résidential sector energy consumption by fuel and Census

.Division.
Emissions Component -

Emlssmns are computed by applymg pollutant-spec1ﬁc emlssmns factors to final end-use
consumptlon The pollutants modeled and the fuels to wh1ch the pollutants are attributable
are discussed earlier in this report in the. Emissions Component dlscu< sion of the module

description. Airborne emlss1on§ ate reported by fuel and then by_ pollutant. Emissions are

_calculated as,
) EMFAC @
EMRSfp,y RSFLCN, f’Xm '
whe.re,; -
 EMRS,, , - is the level of emissions by fuel, pollutant and forecast year,
RSFLCN ir. ' is the residential sector energy consumption by forecast year;
/ .— Energy Information Administration 7
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\ . fuel and Census Division, and
EMFACI; 5 is the emissions factor that converts MMBtu of fuel consumption
‘ to pounds of pollutant '

The expression for emissions by pollutant is, . ,

L RSFLCN,,. | 3a
EMRSC,, = ¥ | EMFAC, x——_2 | (39)

7 27" 1,000,000
whe'ré,’ - . - : .
' EMRSC, _— _ is emiséions by Cgangus Divisior;',. po]lutaﬁt and forecast \yea‘r,
RSFLCN,,, : _ is the residential sector energy consumptioxi by forecast year,
o . fuel, and Census D1v1s1on, and | | ,
T ‘EMI;"A‘CI; ;o s the em1ss1ons factor that converts MMBtu of fuel consumptlon

PR

to pounds of pollutant.

Energy Informatlon Adm1mstrat10n - -
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Appendix A: Data Sources, Input Parameters, and Model Variables

~

The Technology Choice Component requires extensive data describing end-use teohnologies.
Equipment costs, efﬁciency levels, and other characteristics are speciﬁed for all the
technologies included in the menu of choices. These data are drawn lfrom Numerous sources
including Lawrence Berkeley Laboratory (LBL), Arthur D. Little (ADL)’, Gas Research -
Institute (GRI)®, Electnc Power Research Institute (APR)*, Gas Appliance Manufacturing

| Association (GAMA)s ‘Association of Home Appliance Manufacturers (AHAM), and the Air
Condmonmg and Refngeramn Institute (ARI)C.

‘Tables A-1 and A-?; reference the module variables, _defmitions'and,dimensions, and locations

' in the equations presented in the Key Computations‘and Equations section of the main text of -
Volume T of this report. The variables correspond to the -variabl'e names used in the

' FORTRAN source code of the Resic\iential Sector ,Demand Modulét

The remaining text of Appendlx A descnbes the input data sources for the vanables presented

" in Tables A-1 and A2 where apphcable mformat10n is avaﬂable

! Lawrence 'Berkeley Laboratory, "Basehne Data for the Residential Sector and Development of a Residential
Forecasting Database," Berkeley, CA May, 1994,

’

? Arthur D, Lrttle, "Techmcal Memorandum for Technology Advances and Forecasts-Resrdenua]/Commercral
: End-Use Equipment," 1990. )

3 Gas Research Insutute, "Baseline Prolecuon Data Book," Lexmgton MA, 1‘!90

4 Blectric Power Research Insutute, "Draft Model Documentation for Residential End-use Energy Planning
System (REEPS), Version 2.0," Palo Alto, CA 1990. ) K

d Gas Appliance Manufacturers Assocratron "Consumers Dlrectory for Certified Efﬁcrency Ratings," Arlmgton,
VA, 1994,

A1r Condmomng and Refngerauon Instltute, "Duectory of Certified: Coohng Equipment," Arhngton, VA 1994.

. . Energy Information Admrmstrauon :
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MODEL INPUT:

MODEL COMPONENT:
DEFINITION:

. DISCUSSION:

Consumption

§ ra

Unit Energy Consumption (UEC)

Unit éncfgy consumption by service, general or specific

equipment, equipment fuel, housing type, and Census Division. '

Table A-3 Unit Energy Consumptlon Dlsaggregatlon

Res1dent1a1 Sector Demand Module.

‘ The following chart shows the UEC dlsaggregatlons used in the

Energy Consumptzon Survey 1990, DOE/EIA-O321(90) Washmgton D C.

. Energy Information Administration ,
NEMS Res1denua1 Demand Module Documentauon Report

Variable " “Service Equipment | Fuel |- Housing'| Census |

| ‘ " Tyl;g " Division

HTUEC | Space Héating X x | x
CLUEC: | Space Cg)oling: X X X
HWUEC _ | Water Heating X X . X
'CKUEC COﬁlgpg < X X X
DRYUEC 'Clotlles'Dryin,-g. X - x | X
RFUEC‘ 'Rei‘:rigerat‘oi:s' - X X
FZUEC " | Freezers X X
LTUEC - | Lighting X X
EAUEC - Ele_(;tric Appliances X X
SHTUEC ;Secbndary-Spaée a X X X

: .- ~He'at:‘ing"_ T "

APPUEC ° Other Appliances X , X : X

N SGURCE: Us. Department of Eneréy, Energy Informauon Admmlstratlon Residential

"A-18



MODEL INPUT:
MODEL COMPONENT:

DEFINITION

DISCUSSION:

SOURCES:

BIAS, BETAI, BETA2, BETA3
Technelogy Choice | '
Parameter values that are used in the logistic function .to weight
costs to the market share changes.

BETAl and BETA2 are determined by relative importance of
first cost and operating cost in choosing the efficiency level of
the equiprr;enf. BISTAS is used only when life-cycle cost choice
is used (mot currently used in the baseline scenario). BIAS for
each technology is set to ﬁt the market shares to historical
shipment data. | ' '

1)

' Assumptlons regardmg the relatlve importance of first cost and

' -operat,mg cost are included in the module. BIAS is calibrated to

" MODEL INPUT:
MODEL COMPONENT:

DEFINITION:
DISCUSSION:
 SOURCES:

MODEL INPUT:

' MODEL COMPONENT:

- DEFINITION:

DISCUSSION:

it the historical market share data.

‘Technology Choice: .

Equipment Energy Efficiencics

Lawrence Berkeley. Laboratory, "Basehne Data for the
Res1dent1a1 Sector and Development of a Residential Forecastmg .
Database," Betkeley, CA, May, 1994,

YRS

FS'

Technology Choice -

Freezer Saturation in the base year by Census Division and

housing type B

Tabulation of 1990 Resi_dential _Eriergy C()nsumption Survey

Y

Energy Informauon Admlmstranon

NEMS Re31denua1 Demand Module Documentauon Report o A-19
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(RECS) data ;;rovides market saturation .levels of freezers in
\ - existing houses b); Census Division and housing' type.
' SOURCES: . . U.S. Department of Energy, Energy Information Administration,
I Residential Energy Consumptzon Survey ] 990 DOE/EL‘&-
0321(90), Washington, D. C

MODEL INPUT: " HDR

" MODEL COMPONENT: Housing Survival Rate
A DEFINITION: . "The expected lifetimes of housing units. by housing type.’
DISCUSSION: _ ‘ - Percent of houses sumvmg from year to"year. ' ‘
SOURCES: . o US Department of Energy, Technical Support Document:

' 'Energy Conservation 7Standards for Consumer Products:
: Dzshwashers, Clothes Washers, and Clothes Dryers DOE/CE- -
0267 Washmgton D.C. July 1989 pp. 3-4.

MODEL INPUT: ~ = LMIN, LMAX .

- MODEL COMPONENT Apphance Stock L ,
ADEFINITION - Expected minimum and maximum hfetunes for spemﬁc types of
oo .. " -equipment. - o C '
DISCUSSION: . . ]
HeatPumps = - - - 8 - .16 <
Furnaces - - . .- - - 18 - .29 , .
Central Air Conditioners [ S 6
Room Air Conditioners. =~ - 12 ' 18 - ' -
Water Heaters o : 5 _ ;ﬁBOV
AStoves o 16 a1
Energy Informauon Administration

NEMS Residential Demand Module Documentation Report A-20
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Clothes 'Dryers-
Refrigerators

Freezers
SOURCES:

MODEL INPUT:

. MODEIL, COMPONENT:

DEFINITION:

DISCUSSION:

‘SOURCES: -

’

| MODEL INPUT:

DEFINITION'

" DISCUSSION:.

_ SOURCES:

6 .30
7 29
11 31 .

Lawrence Berkeley Laboratory, "Baseline Data for the -
Residential Sector and Development: of a Residential
Forecasting Database," Berkeley, CA, May, 1994.

CACSAT, RACSAT

Technology Choice

Saturation level of central and room air ¢ ondmonmg by Census
. Division and housing type. P

= Cross—tabulatrons of the RECS data provnde these saturatlon

levels by housing type and Census Division.

U.s. Department of Energy, Energy Info: rmation Administration,
Residential Energy Consumptzon Survey 1990, DOE/EIA- -
0321(90) Washmgton, D.C, February 1993.

. UPSHR .
'MODEL COMPONENT:'

Technology Choice
Market share of new houses w1th upnght freezers

Current value set to 41% of the new housing additions.

i Assocrauon of Home Appliance Manufac turers, “Freezers

Energy Efﬁcrency and Consumptlon Trends," Ch1cago 1L,

' August, 1994

MODEL INPUT:

' MODEL COMPONENT:.

f et — s e e tmAg A A o = vA———————— T, VY

SLSHR
Teehnology Choice

i

Energy quormauon Admmsu'auon

NEMS Resrdenual Demand Module Documentatlon Report A-21
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B

' DEFINITION:
DISCUSSION:

o Market share of solar water heaters i in the base year.

- Market shares by housing type and Census Division are derived

_ from cross tabulations of the RECS data. Smgle- Family homes

SOURCES:

~

MODEL INPUT:

DEFINITION:

DISCUSSION

o SOURCES

- MODEL INPUT:
’ MODEL COMPONENT

‘ VDEFINITION

" DISCUSSION:
SOURCES:. -

4

- NEMS Residential Demand Module Documentanon Report

are the only housing type using solar water heaters.

~ U.S. Department of Energy, Energy Information Administration,

Residential Energy Consumption Survey 1990, DQE/EIA—
0321(90), Washington, D.C., February 1993.

. EFFTID
. MODEL COMPONE_NT;

Technology- Chorce

\ Efﬁc1ency of srde-by-srde refrrgerators wrth through-the -door

. features.

(

Assocratron of Home Apphance Manufacturers, “Refngerators

“Energy Efﬁcrency and Consumptron Trends, Chicago, IL,

August,_ 1993.

TIDSHR

Technology Chorce

' Share of srde-by—srde refrigerators with through the door )
- features. T '
\ ‘Current value at. 0. 221
' Assocratron ‘of Home Apphance Manufacturers, “Refrrgerators

' Energy Efﬁ01ency and Consumpuon Trends, Chrcago, IL,

August 1993..

Energy Informauon Admmrsu'atmn
A-22



- MODEL INPUT: BSEFF
MODEL COMPONENT: Technology Choice

DEFINITION: . = Base year equipment efficiency by fuel or equipment type,
’ depending upon usage. ’ '
 DISCUSSION: o .
SOURCES: ©  In house analysis of hisforical shipment data,
MODEL INPUT: " LIMIT
- MODEL COMPONENT: Shell Integrity |
" DEFINITION: ‘ Mammum level of shell efﬁc1ency 1mpr0vement
DISCUSSION: ' B - This value places a cap on the shell effici iency nnprovements due
’ “ to technology and pnce effects. The limit is currently set to 0.8
‘ _ for the index. . . |
SOURCES: | oo This_ is‘an -as$umed parameter‘value based on analys‘_t, judgement.
 MODELINPUT: . SSTEP -
MODEL COMPONENT: Shell Tntegrity | |
. DEFINITION: .- ‘ | A parameter ‘that represents a conservatmn supply curve of shell

, effic1ency in ex1st1ng ho‘usmg

DISCUSSION: " N  The conservatron supply curve represenL. the minor shell

o ’ - efﬁc1ency unprovement such as general mamtenance on existing
; : homes that increases the energy efﬁ01ency of the house. Current-- -
o ‘ ”valuesettoOOl - S - . ‘ |
SOURCES: . - . Th1s is an assumed parameter value based on analyst Judgement.

L Energy Informauon Admrmstratron ' ) :
) NEMS Residential Demand Module Documentation Report . "A-23
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MODEL INPUT:

MODEL COMPONENT:

DEFINITION:
- DISCUSSION:

SOURCES:

&

' MODEL INPUT:©

. MODEL COMPONENT:

- DEFINITION:

~ DISCUSSION:

SOURCES:

HSE90

Housing Stock _

Existing Stock of housirig units in-the year 1990,

This data is disaggregated by buﬂdmg types and by Census
D1v151on The three building types are:

(1)~ . - Single-Family IHor,nes

(@)  Multifamily Homes

(3) - Mobile Homes

U.s. Departrnent of Energy, Residential Energy Consumption

"Surve&:‘ Household Energy Consumption and Expenditures,
_ DOE/CE-0314(90), Washington, D.C., May, 1992.

" HORIZON ,

Tebhnology Choice

‘Number of years over which consumers are assumed to calculate

equlpment hfe-cycle cost. HORIZON is used to determine the
- present value of future operatmg costs.

“The value is currently set to seven years, based upon analyst
Judgement and the average length of time that a homeowner 1s
hkely to remain in the same home o

Analyst Judgement, combmed w1th residency pattems from the

. RECS studles c1ted in Appendlx C of this report.

MODEL INPUT:

MODEL COMPONENT:

" DEFINITION:
DISCUSSION:

DISRT

Technology Choice

"7 ‘Consumer discount rate

The discount rate is used to compute the present value. of future

egrpenditures and operating costs of energy consuming

' Energy Informatlon Administration

NEMS Residential Demand Module Documentation Report . ' - A4
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equipment.

SOURCES: AEQ093, EPRI studies cited in Al:ipendix_ C of this report.
MODEL INPUT: -HDD
R CDD - \
MODEL COMPONENT: Consumption '
DEFINITION: Heating and coolmg degrce days for hlstory and normal weather
. ’ by Census Division. '
' DISCUSSION: ' These climate adjustment factors are used since the last RECS
- ' ‘ sufvey'sﬁans a period of unusually mild winter weather. ,
SOURCES: L e U.s. Depai'tment of Energy, Energy Information Administration, _

Resiéentz'al Energy Consun}pﬁon. Survey 1990, DOE/EIA-
10321(90), Wash., DC, February 1993,

MODEL INPUT: - SHTSHR

MODEL COMPONENT Consumption .
- DEFlNITION - " Market share of residential househdlds with secondary space
‘ . o heating in the base year. | | \
DISCU_SSION£ ' " Market shares are dcrived from cross tabulations .of the RECS

 data’ by fuel and Ccnsus Division for houses that use a secondary
, ’ space heating source. ;
SOURCES: - US. Department of Energy, Energy Information Administration,
.. Residential Energy Consumptioni Siirvey 1990, DOE/EIA-
o , 321(90) Washington, D.C., February 1093
- MODEL INPUT ‘ PSTEP . |

MODEL COMPONENT Shell Integrity

DEFINITION C Pnce elast101ty of shell efﬁc1ency for both néw and ex1st1ng

Energy Information Administration
NEMS Residential Demand Module Documentation. Report : r A-25
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, housing. ‘ » - ‘ ,
DISCUSSION: . The price change in fuel from the base year is multiplied by the

reciprocal of PSTEP to get PRICEDELTA. The current value of
PSTEP is 0.05. _ o
SOURCES: , | This is an assumed ‘parameter value based on analyst judgement.
MODEL INPUT: - TECHG
MODEL COMPONENT: . Shell Integﬁtgr’ o
. \D"EEIN‘I’I‘ION: o . Rate of i increase in the shell efﬁmency of new (post- 1990
‘ o . L ‘( . vintage) housmg due to technology improvements. ..
N DISCUSSIONE : “ . : 'I_‘hls growth rate in the shell efficiency represents technology'

improvements in buﬂdmg materials and housing design and
N _ greater ma}ket peneﬁaﬁon of these mdteriais and methods. - -
. SOURCES:- o This is‘an assumed iiarameter based on analyst judgement.

-\_

“MODEL INPUT: ~ ~ GSL _ ‘
MODEL COMPONENT Technology Ch01ce

I

DEFINITION T ~L1m1t to the number of the space heaters by Census Division and
o D . fuel that'can potentially 0 switch to natural gas. .
DISCUSSION: These estimates were developed based on ana1y31s of RECS and
. . - | N | Amencan Gas Assoc:latlon fuel swﬂchmg data.
SOURCES: ‘ " RECS studles cited i in Appendlx C of th1s report and, American -

“~ Gas Assocmtmn, "Residential Natural Gas Market Survey
1992 " Arlmgton VA, Tune, 1993

A

MODEL INPUT: ‘ - HTSHR

o~

S Energy Informauon Adm1mslrauon o : : i .
NEMS Res1dent1a1 Demand Module Documentauon Report - A-26



MODEL COMPONENT:

DEFINITION:

DISCUSSION:

. year.

Technology" Choice _ ,
Market share of general spacé héating equiprhent in the base
Market shares by housing type and Census Division are derived

from cross tabulations of the RECS data fof the 11 general space

- heating equipment types. The 11 equipraent types are:

SOURCES:

MODEL INPUT:

' MODEL COMPONENT:
DEFINITION:

7

'DISCUSSION: *

' SOURCES:

.Market share of geﬁeral space cooliné equipment in the‘base

“year.

" 'Electric Furnace - Electric Heat Pump
) ‘Gas Furnace \ * Gas Boiler/Radiator
Kerosene Furnace LPG Furnace
Distillate .Fumace . Distillate Other
Wood Stoves & , .7 Geothermal Heat Pump
- Natural Gas Heat Pump ‘ | -

U.S. Department of Energy, Energy Information Administration,

) Reszdentzal Energy Cansumptzon Survey 1990 DOE/EIA-
0321(90), Washn_]gton, D.C., February 1993.

 CLSHR -

Technology Choice

: d
S

4

- _Market éha'res are derived from cross tabulations of the RECS
- data by housmg type and Census Division for the three general

space, coohng equlpment types.. The three equipment types are
room air cond1t10ners, central air conditioners, and heat pumps
In add1t10n ‘the market share of housmg that has no air

conditioning is derived ﬁom RECS.

‘US. Department of Energy, Energy Infoxmauon Adm1mstrat10n

Reszdentzal Energy Consumptzon Survey 1990, DOE/EIA-

Energy Informauon Administration -

 NEMS Residential Demand Module Documentation Report A27



0321(90), Washington, D.C., February 1993,

'MODEL INPUT: HWSHR

MODEL COMPONENT Technology Choice \ r
DEFINITION: ‘ Market share of general water heating eduipment in the base

, . year. ‘ . o o
DISCIJSSION: .- Market shares by housmg type and- Census D1v1$1on are der1ved

from ‘cross tabulations of the RECS data for the four general
water heating eqmpment types The four eqmpment types are
'deterrmned by the fuel consumed They are natural gas,. electnc,
o o ~ oil, and LPG. S '

- SOURCES:. e U S. Department of Energy, Energy Informatlon Adrmmstratlon,
| o Reszdentzal Energy Consumptzon Survey 1990, DOE/EIA-

" 0321(90) Washmgton, D.C., February 1993

MODEL INPUT: CKSHR

<MODEL COMPONENT Technology Ch01ce
* DEFINITION : (Market share of ‘cooking equ1pment in the base year
, DISCUSSION S ‘Market shares are derived from cross tabulatlons of the RECS

data by housmg type and Census D1v1$1on for the three general
equlpment types The three equlpment types are def“med by the
S . ,fuel consumed The three types are electnc, natural gas, and
"SOU‘RCES: e U S Department of Energy, Energy Informatlon Ademstratlon,
‘ o c Reszdenzzal Energy Consumptzon Survey ]990 DOE/EIA—
) 0321(90)_, Wa_s_hmg_ton, DC,, Eebruary 1993.

o S Energy Informauon Adm1mslrat10n : R
IR NEMS Res1dennal Demand Module Documentanon Report ’ - A28
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MODEL INPUT: - DRYSHR

MODEL COMPONENT: Technology Choice . .

. DEFINITION: ~ Market share of clothes drying equipment in the base year.
DISCUSSION: Market shares ‘by house type and-Census Division are derived
| ‘ from cross tabulations of the RECS data for the two general

equipinent types. The two equipment types are defined by the
.fﬁel' consumed k(natur'algas or electricity). The market share of
households that do not have clothes dryers is also developed
o using RECS ' T \
SOURCES:‘ . © US. Depértment of Energy, Energy Information Administration,
' Residential Energy Consitmption Szrwey 1990, DOE/EIA-
0321(90), Washington, D.C., February 1993. '

’

MODEL INPUT: ~ 'RESHR

MODEL COMPONENT: Technology Choice _ |
. DEFINITION: - - Market shares of homes that have seconcl refngerators, for the..

o " bascyearof 1990., - : |
- DISCUSSION: * * .. . Market shares by house type and Census Division are derived

S ,’ : from cross tabulauons of the RECS data for houses with a

: second refngerator

'S URCES: .~ - US. Deparnneﬁt of Energy, Energy Information Administration,
o ) - Reszdentzal Energy Consumptzon Survey 1990 DOE/EIA-
0321(90) Washmgton D. C February 1693.

MODEL INPUT: *  FZSHR

,

. - . Energy Informatlon Administration - :
A NEMS Residential Demand Module Documentation Report * o A-29



MODEL COMPONENT:

DEFINITION:

DISCUSSION:

v

~ SOURCES:

MODEL INPUT
MODEL COMPONENT

DEFINITION:
DISCUSSION:

’

Technology Choice ‘
| Market share of residential houscholds that have .a freezer, for
. the base year of 1990.

Market shares by house type and Census D1vrslon are derived

from cross tabulations of the RECS data for houses with a

“freezer.

U.S. Department of Energy, Energy Information Administration,
Residential Energy Consumption Survey 1990, DOE/EIA-

0321(90); Washington; D.C., February 1993.

EMFAC

Consu'mption

" Emission factors

* These emrssmns factors were developed for the resrdentlal sector

usmg EPA estxmates of emrssmn rates of residential equrpment.

\' The emlss1ons factors are prov1ded by fuel and po]lutant “The

: \po]lutants modeled are total carbon carbon monox1de, carbon

- . SOURCES:

- MODEL INPUT:
‘ 'MODEL COMPONENT

DEFINITION:

" - DISCUSSION:

d10x1de, sulfur ox1des, mtrogen oxrdes, non—methane volatlle
orgamc compounds, methane, and paruculate matter. .

"EPA Compﬂauon of Stationary Source Air Emlss1ons Estimates.

. SAVEHTR

Consumptlon | _ .

Savmgs of space heatmg fuel due to The 1992 Natronal Energy
Pohcy Act (EPACT) window labehng program '
An EIA mternal analysrs of the program)y1elded estifnated‘ ,

' savings‘of 0.08 percent per year.

' Energy Informalmn Administration

' NEMS Residential Demand Module Documentanon Report § . A30



SOURCES:

. MODEL INPUT:

MODEL COMPONENT:

'DEFINITION: -

; <
'

DISCUSSION:

SOURCES:

American Council for an Energy-Efficient Economy, "Energy
Savings Estimates from the Energy Efficiency Provisions in the
Senate and House Energy Bills," Washington, D.C., August
1993, | |

SAVECLR-

Consumption .

Savmgs of space cooling fuel due to EPACT ‘window labehng
program, - _

An EIA internal analysis of the program y1elded an estrmated
savmgs of - O 03 percent per year , )

Amencan Counc1l for an Energy-Efficient Economy, “Energy
Savmgs Estlmates from the Energy Efficiency Provisions in the
Senate and House Energy Bills," Washington, D.C., August

. 1993

- MODEL INPUT:

" MODEL COMPONENT:

DEFINITION:
DISCUSSION:

SOURCES:

Consﬁnipticn -
Percent.of existing, homes replacmg wmclows
The RECS data prov1ded information on the market shares of

existing homes hkely to replace windows over the forecast

* horizon.’ The variable construct provides three‘rates of

- participation in window replacement. "The first rate is 1% over

the ﬁrst five years. The second rate 1s 10% from the fifth to the
tenth year, and the third rate is 20% from the eleventh year to

the honzon

- US. Department of Energy, Energy Infcrmatron Admm1strat10n

.. ‘Energy Information Administration

‘NEMS Residential Demand Module Documentation Report " - A-31



' MODEL INPUT:

-

MODEL COMPONENT:

" DEFINITION:

_DISCUSSION: * - *

- SOURCES: -

' MODEL INPUT

-MODEL COMPONENT

\ #Input from NEMS MAM.

. DEFINITION: .
DISCUSSION:

" "SOURCES: ~ "

‘MODEL INPUT:

A‘ .‘\

Residential Energy Consumption Survey 1 990,‘DOE/EIA-
0321(90), Washington, D.C., February 1993.

MC_HUSTS1

MC_HUSTS2 .

MC_SHUMBL

Housmg Stock ,

Constructlon starts of smgle-famﬂy and mult1-fam11y homes, and
shlpments of mobﬂe homes _

These inputs are obtained ‘at the Census D1v1s1on level of detail
each’ forecast year from the NEMS MAM

-

USAGE
Technology Cho1ce

Usage component of unit energy consumptlon for space cooling.

: " ; The USAGE vanable is constructed from an analysrs of the
_RECS data by space coohng equlpment type and Census’

: D1v1s1on

, U S. bepafunent of ﬁnergy,‘Energy Information Admhﬁstraﬁon,
) - Residential Energy Consumptzon Szirvey 1990; DOE/EIA-
. 0321(90) Washmgton, D.C., February 1993.

- PEN_RATE

Energy Informauon Administration
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MODEL COMPONENT:

DEFINITION:

DISCUSSION:

SOURCES:

MODEL INPUT:

" DEFINITION:

DISCUSSION:

" SOURCES:

MODEL INPUT: ~, *
MODEL COMPONENT:

DEFINITION:
DISCUSSION:
SOURCES:

".“ ' NEMS Residential Demand Module Documentatron Report

"~ "Association of Home Apphance Manufa( turers, "Freezers:

Technology Choice

Market penetration rate of central air condmoners in existing

“housing.

- The RECS data provided the market shares of existing housing

that do not have central air conditioning but do have duct work
for space heating systems. |

U. S Departrneht of Energy, Energy Information Administration,
Residential Energy Consumptzon Survey 1990, DOHEM—

‘ 0321(90) Washmgton D.C, February 1993

" EPACT
MODEL COMPONENT: -

Consumpuon ,

‘ Percent savmgs in water heating UEC due to EPACT mandated
o showerhead standards '

It was assumed that showers account for 30% of hot water use

: and that low-flow shower heads can cut use by 50%.
“In house analysrs of RECS data '\ S B

‘Technology Choice
Efﬁcienc); of upright freezers.

Currently set at 492.

-

Energy Efficiency and Consumptlon Trends," Chicago, IL,
August, 1992. o :

Energy Information Administration '
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MODEL INPUT: . MKTSHR
MODEL COMPONENT: Technology Choice

4

- DEFINITION: - Market shares for lighting technologies.
DISCUSSION: - / o
'SOURCES: - . Analyst judgement '
MODEL INPUT: ~ RACUNTS
' MODEL COMPONENT: Consumption R
DE!S‘]NITION: o . Average number of room a1r _éonditionei*s per household.
DISCUSSION: - .-
SOURCES: L. us Départment of Energy, Energy Infomiatién Administration,

‘ " Residential :Energy Consumption Survey 1 990, DOE/EIA— .
" . 0321(90), Washington, D.C., February 1993. °

)
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NEMS Residential Demand Module Documentatlon Report o A-34



Appendix B: Detailed Mathematical Description

This section presents the detailed 'calculations used in each of the module components. Table

B-1 shows the correspondence between the subscript in the documentatron and the subscnpts
in the FORTRAN source code.

" Table B-1. ‘Subscript Correspondence

Subscript in Documentation - - ' Subscript in the FE)R'IRAN Code
r’ _ Co | - . D orR, refers to Census Division
t- . . T ' o Y, when Y is a year increment
pf"\ e ' " IR, fueltypes”

b I o PO o ‘B, housing type

y.oo o R Y, YR; or Y1, the annual index

P e a ; .| P, pollutant ,

eg | s S | ,. E, general equipment. type

es. B o | F;‘ E2, specific equipment type.

Please note the followmg conventrons

The above table of subscnpts mcludes all of the major usages In some minor
mstances, additional subscnpts are defined as needed. , .

" The equatrons follow the logic of the FORTRAN code very closely to fac1htate an
understanding - of the code and 1ts structure In several instances, a vanable will appear
on both s1des of an equauon ThlS isa FORTRAN programmmg device wh1ch allows
a prevrous calculatlon to be updated (for example, multiplied by a factor) and re-stored

J under the same vanable name (i.e., in the same memory locatlon)

Energy Informauon Admmrstratlon . i
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)

- "The subscript y, in the docurhentation'refers to the year represented as 1990 through
2010 In the FORTRAN code, the subscrrpts for Y, YR and Y1 represent array
) drmensrons startmg with an mdex of 1 to represent 1990 (1n some cases, the array
| index of 1 represents 1991 as explamed below). Not all arrays begin with an array \
position for 1990 Specifically, the arrays representing and relating to equipment .
added after the 1990 base year begin with the first array posrtron representing 1991 to
o economrze on memory storage _
- Some variables are documented as havmg a "y" dimension when in fact they do not.
| "I‘he most’ common mstances are for the var1ab1es, LFCY, OPCOST, SA, SHARESN )
L and SHARESR These vanables are. calculated on an annual basls but are retained

only for the current year The "y" d1mens1on is used in the documentation to highlight
) .il) that the calculatrons do vary by year and 2) to mdrcate the current’ year in formulae
B to avo1d confusmn o e ‘
- Summatrons wh1ch take place over all relevant vanables w1]l usua]ly be written
T 'wrthout upper ‘and lower range hm1ts on the summation.

- " Unless otherwrse stated the range of y “for an equatron is 1991 through 2010

‘ The equatrons in th1s appendlx are orgamzed by the fo]lowmg services:
‘ : Space Heatmg ' B , ,
. ‘VSpaceCoolmg ‘ ' S
: ":WaterHeatmg o N E , .
. ... Cooking. . L
.- .. ‘(Clothes Drying -
c ‘i{etﬁ'g(eration‘ o
o Freeze'rs"‘_ ‘~' s
" Lighting
. Other Appliances ' |
: ‘Secondary Heating . ‘

SR ‘ Energy Informauon Admmrstratron . ‘ ‘
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* documentation.

'Equipment Survival, Housing Survival and Hous.ing Additions |

SVRTE (Equjpment Survival Function)

y—t <Ly: 10
, y-t - L,
SVRTE, 1B <771 < L 10 -(____) B-(1)
’ y-i t’Lnin’me - Lmax - Lmin
y-txL,: - 00
where, _
SVRTE,. | i 1max is the propomon of surv1v1ng equlpment
it . is'the age of the equlpment, .
L., : [ is the minimum eqmpment lifetime in ye ars, and
Lo ' _ " . .maximum equlpment Tifetime i in years

‘ Note ‘that funcuon calls to SVRTE in the FORTRAN code mclude a "place holder" as the

first parameter. . However, the first paramieter is currently not used in the calculattons Since
i .

~

it is not used in the deﬁmtton of the functton in. Equatton B-1, it is not noted in the

r

EXHSE (Exxstmg Housmg Sumval Functlon)

Housing units are removed from the stock at a constant rate over tlme The surv1val rates for

the household types (HDR,, ) are as follows L -
Smgle-Famﬂy Homes: -~ 0. 995 HDR o _' -
Multifamily Homes: .+ .0990=HDR, . -
Mobile Homes: ~* . 0.961 = HDRy

The surviving 1990 housing stock is defined by: :

»

. 4 ’ ' ,. Energy Informatmn Admtmstratxon o
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E E o R, iy 0
"where, ‘
EH,, ' is the 1990 housing ‘stock surviving in year y,
_HDR, - is-the housing survival rate.

< : c ol
. ~ B 4

- NEWHSE (Calculate.New Housing)' ) - I
~ The NEMS Macroeconomlc Act1v1ty Module prov1des foreCasts of housmg starts by Census

: D1v131on for each forecast year :

VT | ‘ , o .
1000000xMC HUSTSI o B-(3)

HSEADDy single ﬁm“y ,
NHy,ﬁngleﬂmay,r HSEADDy.mgzefmuy'f *NH 1.szngzefumay;"HDszeny B-(4)
HSEADDyMk M,W IOOOOOOxMC HUSTS2,, - BG)
NHy,mubipzefmnuy.r HSEADDymwpzem;r“NHy—l.muMpzefunuty,r"HDmepkﬂmUy B-6)
- HSEADD ,,Mm 1,ooo,ooo xMC_SHUMBL,, . . - B-(D)

- NHy,mobiIe Izamc,r HSEAD D y,mobile hame,r +gVH —l,mobﬂe home,rXHD Rnwbile home . \B-_(S)
‘ _ where, A \ , ’
. HSEADD,,, a "is the number of new housmg units constructed in the forecast

.-year by housing type : and Census Division,

,‘MC'_H USTSI ry . single farmly housmg starts by Census Divisiorr'and year, -

, Ener-gy Informatlon Adm1mstratlon o N T
NEMS ‘Residential Demand Module Documentation Report ' ) B-4
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MC_HUSTS2,, multi-family housing starts by Census Division and year,
MC_SHUMBL,, mobile home shipmehts by Census Division and year,

NH,,, is the total post-1990 housing units by housing type, Census
Division and year, and
HDR, : is the housing survival rate by housing type.

Pl
s

S Ehérgy Information Administration .
' NEMS Residential Demand Module Documentation Report



: ~ Space Heating
_ Heating Equipment, UEC and Housing Shell Accounting Schem‘e‘

‘Housing Units which ) ‘ " Housing Units Added

Existed in 1990 - '____From 1991 through 2010

Equnpment~ UEC: Sheli . Equipment UEC Shell

FTRPS0 | HRUEC ‘EHSHELL

HTSR90 | HAUEC EHSHELL ~

HTRADD | HNUEC NHSHEL

-+ - [IIRREP_| HNUEC AHSHELL
HTESE |HTUEC EWsHELL . | B

HTRSUR. | HAUEC AHSHELL

- The above representatron deprcts the equrpment accountmg methodology The subscnptrng of

| 'the variables i is not mcluded for srmphcrty, but will be explamed later in the, appendix.- The

equlpment accountmg system partruons equrpment into two major categories dependmg on the

vmtage of the housmg unit:’ equrpment mstalled in housing units wh1ch existed i in 1990 (at

'f the begnmmg of the model run) and equrpment added to new housing units (those added

durmg the model run) Equrpment is: further partrtroned into three additional ’

surv1vmg/replacement categones equrpment whrch survives, equrpment purchased to replace
~other equlpment, and cqulpment purchased for new construction. Currently the replacement

: eqmpment for all eqmpment types (heatmg, cooling, refngerauon, etc) 18 assrgned the same
 unit energy consumptron values as equipment added for new constructron (.., HRUEC and

HNUEC are the same) The categorrzaﬁon of equrpment markets by housing vmtage and

P Energy Informauon Admmlstratlon ) S
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surviving/replacement category results in six categories of equipment that are tracked. The
equipment categories for existing housing units are:
HTESE denotes the surviving 1990 equipment stock,
HTSR90 represents equrpment from the 1990 stock which has been replaced after
1990 .and which still survives, and .
HTRPI0 is current-year replacement equipment for 1990 housing.
For housing units added after 1990: : .
HTRSUR denotes equipment which has been mcdeled ‘as added and still survives, .
", HTRREP is equ1pment which has been modeled as added and is in need of
replacement in the current year, and '

. HTRADD is equlpment for housmg units added in the current year

Unit energy consumption (UEC) is tracked fdr equipment added by category of housing unit:
HTUEC is the, average UEC for surv1v1ng equrpment in housmg units which existed in
© 1990, S , .

HAUEC is the average UEC for survrvmg equ1pment in housmg units added after
" 1990 ‘ o o ; )

L HRUEC is the UEC for all equrpment added in the current year to replace 1990
" equipment, and . - e T ) ‘ X
HNUEC is the UEC for all equrpment added in the current year for homes constructed .
after1990 AR L

Shell mdlces are modeled for three categones of housmg units: \
| EHSHELL is the shell index apphcable to housmg umts exrsung in 1990
AVSHELL is the shell mdex applrcable to housmg umts added in all but the current
* year, and o
o NHSHELL is the shell mdex for housmg umts added in the cuirent year.

Y

T -

R Energy Informauon Adrmmslraﬁon oo R :
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For exa.mple, in accounting for the, heating energy consumption of surviving e(ji;ipinent ’
_installed in housing unif:s' which existed in 1990, the equipment stock, HTESE, would be
multiplied By the unit .ener'gy consumpﬁon, HTUEC, and by the shell index EHSHELL. This
explanation was deéigned for accounting for heating equipment, but the aceounting principle

~ is used throughout the residential module. For.the existing housing example above, the
appropnate space cooling vanables would be CLESE CLUEC ‘and ECSHELL. The shell

_ indices apply only to heating and coohng, thus, for example for refngerauon the accountmg

‘ requlres only RFESE and RFUEC ' '

RDHTEQT (Pro,;ect 1990 thage Heatmg Equlpment)
_ Calculate surv1v1ng heatmg eqmpment in the pre—1991 housmg stock for 1990

B mSHR
HIESEI

B-(9) .
m,cg,b,r T X EH1990,b,r for all r, b eg ’ ( )
. ;?Vhere, L e o “
- HTESE,@ abr ¢ - is the exristing‘ (pre41991 vintage) stock of equipment in the base
A | ' year by housmg type and Census Division, ‘
HTSHRe&,,,,, <. s the 1990 market shares of heatmg equipment from RECS by
. general equlpment type, housmg type and Census Division,
EHjo0057 . Lis the nuimber of surv1vmg pre-1991 housmg units by year
' housmg type and Census D1v151on '
" Fory >'1990,’
HZESEy.eg HTESEmo X SVRIE —1990,Dnin,Lmax X HDRH”O B-(IO)
) M . N . ) (l
| . HTESE,,S&,,‘ . o is the amount of .survi'ving pre-199i vintage eauipment in pre-

1991 "housing by housing type and Census Division,
SVRIE 1990 LminLnax 1S the equipment survival function, and -
e . 3 ,Energy Infomation Admin'is'tration\ v
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’

HDR,

i

OPCOST

‘where,

, - OPCOST.. b
- ’ (
 PRICES,,,

| HIUEC,,, -

EFF, e;
BASEFF,,

;. es’ -,

g

LFCY,,,, = CPCOST,, + OPCOS,,,, x

where, =
LFCY, e

H
!

is the housing demolition raterby housing type.

- HTRTEC (Space Heating Technology Choice)

xCornpute current year operating costs,

11 ’ .
PRICESW x HIUEC,,, x |1+ 2% | B-(11)
'BASEFF,,

is the current year operatmg cost for the spec1ﬁc eqmpment type
by housmg type, Census D1v1310n and year,

are the fuel pnces for the equipment by fuel, region and forecast

.year,

is the unit energy consumption by Census Division, general

‘) equipment eawgory and hdusing type,
oo is the spe01fic equlpment efﬁc1ency,

" is the 1990 stock—average equlpment efﬁuelency,

refers to spemﬁc equ1pment (model or v1ntage) w1thm a
technology class, a.nd

refers to general equ1pment or technologv class.

' Compute-current year life cycle costs, -«

|1-¢1 +DIsRD-HoRZON| g (40
" DISRT -

' 1s the current year life cycle cost of specific equipment by

housing type and Census Division, -

- Energy Informanon Administration . ‘
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CPCOST.,,

OPCOST.

yesbr -

HORIZON

',l

- DISRT

I

is the mstalled cap1ta1 cost of the equ1pment by spec1ﬁc
equrpment type, ‘ - -
is the operatmg cost of the speclﬁc equipment type by housing

type and Census Division in the forecast year,

* is the n‘umber of years into the future that is used to compute the

_present. value of future operatmg cost expendrtures presently set

to seven years, .and

is the dlscount rate apphed to compute the present value of

' future operatmg costs presently at 20 percent. ‘

\

A welght for each general equ1pment type is calculated to estrmate the market ,share for each

of the 11 heatmg systems for niew construction based on the’ cost factors computed above,

base year Census construction data, and the b1as. The funct10na1 form is expressed as,

<
M I
~

where, )

_'.BIAS'

~ LFCY

HEATSYS

€8

egbr -

,gg"

egbr .

g 1s the hfe cycle cost for the general equrpment type by year,

[BIAS +BxLFCY]B.1
HEAISYS%,,, B | t3)

iy RN

s the equlpment welght for general heatlng equ1pment for new
' 'housmg by year, housmg type, and Census Division, *

s a consumer preference parameter that fits the current market

share to h1stonca1 sh1pment data,

.,\housmg type, and Census D1v1$1on, and

. 1s a parameter value of the log1t functron

\
- k

Energy Informauon Admrmstrauon
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- Summing over the general equipment types computes the total wefgh't for the general
equipment types: '

' ‘ eg=11
, | B
 SYSTOT, ,;1 HEATSYS,,,, (14)

yhr

| where, ‘ . [

SYSTOT,,, 'is the sum of general equlpment we1ghts for the all general
equlpment types.

" The general equipment fuel share is‘cdmputed by

HEATSYS,

yn.b.r SYSm B-(1
1‘ISYSWGTy s . = SYSTOL,,, ybr” ( 5)

. 0, otherwise

where, o , '
HSYSWGT hegbir ‘is the general equlpment fuel share by year, bmldmg type,” and

Census D1v1s1on

Welghts for each spec1ﬁc equ1pment type are calculated based on the cost factors computed

above and the b1as The functlonal forms are expressed as,

EQWYN - e[BMSH + BI:CPCOST + 52:OPCOSTM + p,: ,c,b,r] ‘ B_(16)
: BIASH,, + P;*CPCOST,, + p *OPCOST, 5, + By*LFCY 051 . B-(17)
EQWIRy - e[ 1 2 essr + By*LFCYy op;
.es.b , , o
where,- T A
EQWIN,,.;, . - is'the equipment Weigh_t for new specific equipment by housing
type, Census Division and year, o
/ S - Energy Informatlon Administration -~ .
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‘EQWT Ryestr
| BIASH,,

| CPC_O:ST“‘:
" OPCOST,

LFCY,,,

yesbr T

BuBy B ¢

_is the equipment weight for replacement specific equipment by

‘housing type, Census Division and year, . |

is a consumer preference parameter that fits the current market

share to shipment data, -

is the installed capital cost for the specrﬁc equrpment type in the - .
. forecast year, _ '
‘; is the operatlng cost for the spec1ﬁc equrpment type by housmg

“type, Census D1v1s1on and forecast year,

is the life cycle cost for the specific equlpmeht type by housing

B type, Census D1v1s1on and forecast year and

- are parameter values of the logit function.

_' '.S'um— dver speciﬁc_ equipment types to get total‘ weight for the. general-equipment types,

- where,
" _TOTEWIN,
' TOTEW:I'R

egbr

; EQWINM,,,, :

. EQWIR.;

yegbr

K ef

mm}nﬁ: mgw:‘fmmwymb.r . ' a ) B-(18)
o ' we
TOTEWIR, o5, = 3 BQWIR .5, \ B-(19) .

as=iow eff

S N

E _ is the sum of specific equ1pment welghts for the flew general
. ‘:»equlpment type, and. ' '
is the sum of specrfic equ1pment werghts for the replacement

o T'eqmpment type,

is the specific equipment welght for new. equipment, and

t:ls the specrﬁc equrpment welght for replaeement equipment.

- 'Energy Informauon Admrmstratlon
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i

Eamy.c.b
EQFSHRN, .5, [—“mmmm, » TOTEWIN, > Q] © B-0)

, Ootherwise

/ - EamRyn.br i _; . i
EQFSHRR ., = | Tomam,,, * TOTEW R,g,>0| = B-21)
, . . 0. , ptﬁerudse -

where, .

EQFSHRNM,,, , 1s the fuel share of new specific equlpment type by year, housing
’ : type and Census Division, _
' EQFSH m,,, _ - isthe fuel share of replacement specific eqmpment type by year,
housing type and Census D1v1$1on, '
o TOTEWTN yegbr is the sum of general equipment weights for the new general
| _ equlpment type, - : o .-
7 TOTEWTR vestr + .. is the sum of replacement general equlpment weights for the '.
= . new general equipment type, . _ .
. .E.QWTNM;,,, - - is the specific equipment weight fof nenv equipment, and
EQWIR, ..., o ie the specific equipment weight for replacement equipment.‘
.. NHTRSHR},”M _ E QFSHRN ( HSYSSHRB%‘&,,’,‘ HSYSWGTy cobr ) B-(22)
. HSYSWGTMIHM '

RHMH& esps = EQFSHRR, ;. ' B-(23)
where,

NHIRSHR,&,,,, ' is the new market share for_.the. specific equipment type by

' Energy Information Administration - .
NEMS Resxdennal Demand Module Documentation Report B-13
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" RHTRSHR

S o .NEMS Re31dent1al Demand Module Documentauon Report

housing type, Census Division and forecast year,

? -

eshr is the market share of replacement- spec1ﬁc heatmg equlpment by
. housmg type, Census Division and forecast year, '
‘EQFSHRN;,“',,,, : is the fuel share of new specific equipment -type by year housmg
: type and Census Division, ’
EQFSH mb, - is the fuel share of replacement spemﬁc equipment type by year,
. . _housing type and Census Division, )
' HSY;S’SHRy,eg,,,,, is the base year market share for general egulpment by housmg
- - type and Census D1v131on ’ .
B )
IR I >l |
‘ A WmEFFNy,eg.b.r = ENHTRSH&WJ)J § ,}'HRSH&”), | ‘ B-(24) .
j o m—; _,\‘ot‘hierw_zse R
.where, R , - .
WIZHEFFN eg,,, s the welghted effimency of new general heatmg equlpment by
. ) * year, housmg type and Census D1v1$1on, '
_ NHYR&HR,,”,,,,, 1s the market share of new spec1fic heaung eqmpment by year,
o e S housmg type ¢ ‘and Census Division‘ '
\ o EFEy,eé R 1s the general equlpment efﬁmency, and
' 2 BASEFFég = is the 1990 stock-average eqmpment efﬁc1ency

. Energy Informatlon Ademstratlon .
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" HADD (Additions and Replacement of Spaee Heating Equipment)

where, |
-SHARESNY,,_,& br

"SHARESR,,,,,,

where,
HTRADD ey

- HSEADD,,,

SHARESN,,,, . -

. HISRO,

o B-(25)

SHARESN, ., . = gef NHIRSHR .,
Kgh ef
SHARESR, .., = % RHIRSHR,, * B-(26)

es=law eff

is the current year, aggregate market share for new equipment by
general equipment type, housing type and Census Division,
is the current year, aggi‘egate market share for replacement‘

equlpment by general equipment type, housing type and Census ‘

,' Division. ThlS is currently set to the sarne value as SHARESN

mRADDm b HSFADD X SHARESN, B-27)

yegbr

“is'the number of post—1990 vmtage equ1pment additions for new
'*housmg units in the- current year by general eqmpment type

housing type and Census D1v1s1on,

 is the number of new housing units constructed in the forecast
" year by housing type and Census Division,

" is the market share of general eqmpment by- housmg type and .

Census D1v1s1on

HTRPYO,,, SVRIE, B-(28)
m'.b.e e 991( % y-&b.e.lm

xHDR")

"Energy Information Administration
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where, A ' , ,
- HTSR90 esbr is the surviving post-1990fvintage equiprnent in pre_-1'991
' housing units which accounts for hdusing demolition and
‘ equipment by housing tyt)e and Census Division,
HTRP90,,,,, - 1s the number of repiacement;(poét— 1990 vintage) equipment -
o " units delnanded in pre-1991 housing units by housing type and
~ Census Division each year, ' "

SVRTEH Lmin, l,,m - isthe equipment survival function, \

. : HDR, - is the housing survival rate by housing type, and
.yt o represents thé' age of the equipment. -
L HIESE ., xHDR, , #7=1990) © ©  B.(29
0 i ) e

xHDR, , if y>1990

V where, D . , 4 ) .
HTND90 ) ecbr '- Co s the\total amount of equ1pment demanded in pre-1991 ‘housing
“ j Rt - "umts by year, general equlpment category, housmg type and
S | Census D1v1s1on L ’
| HTESE,égo:eg,,,,, - isthe surv1vmg stock of equlpment in pre-1991 housmg in 1990
SR : by general eqmpment category, housmg type and Census
;; ~D1v131on » .' L
HYNDQO ,eg,,, ' _ts the pnor year total amdnnt of eqnipment required for pre-1991
ST ,‘hou~sing units by housing type and Census Division, - N

- HDR,, I “is the housing survival rate by housing type.- .

Energy Infoxmauon Admxmstratlon ‘
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where,

HTESE,

y,8,b,r

where,

HTRPY0

HTND90,,,,,

HTSR90

’SAy,eg,b,r‘

HTRADD,

HDR,

HIRSUR’,“J, "

yegbr

vegbr

egbr

HTRP90.

: D1v1s1on

t=1991

= HINDS0 B-(30)

yesbr -HTESE

gy~ HISRI0,

yaghr p7 w.b.r

is the number of replacement units required for pre-1991 housing

- units by housing type, Census Division and forecast year,

is the current year total amount of general equipment required

for pre-1991 housing umts by housing type and Census D1v1s1on,

. is the current year surviving appliance stock for pre-1991 vintage

housmg units by housing type and Census D1v131on, and
1s the current year amount of surv1v1ng post-1990 vintage .

equ1pment in pre-1991 housing units by housing type and Census |

i

-1 ) ’ )
sfgm,,, ’E HIRADD,,, xHDR’" B-31)

is the current year amount of surv1v1ng post-1990 vintage
equ1pment added to new “housing units not accounting for

equlpment attrmon by housmg type and Census D1v131on,

s the amount of new (post-1990 vmtage) space heaters added in

new housmg units in-the year by housing type and Census’

- Division, and ‘

s the housmg surv1va1 rate by housmg type.

5
[

-1
3 HIRADD, ,,,, + HIRREP, ., \xSVRIE <HDR)*] . B-(32)
( w.b;) Y-tlapnlig .

Energy Information ‘Administration - _
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-

where, )
HITRSUR,,,,, s sufviying post-1990 equipment purchased as additions or
' - repl_acements in post-1990 housing units by housing type and
Census Division, o | |
HTRADD,eg,,, , . isthe number of post-1990 vintage equinment‘ added to post-
' 1990 housmg units by housmg type Census Division and

" forecast year, )

- SVRTE, 1 i 1max is the equipment survival function,
"HDR, = is the housing decay rate by housing. type,
HTRREP,,eg,,, . isthe number of equipment replacements of post- 1990
. ‘ o equlpment in post-1990 housmg umts and
Nl s ' represents the age of the equlpment.'
m yaghr ™ fAym.b{,'mUwa.br . o . B-(33),
"Where,; o ) ‘_ ”
) -HIRREP yosbr -is'the number of equlpment replacements of post-1990

. ‘ eqmpment in post—1990 housmg units, :
SA, .5y .- disthe current year amount of surv1v1ng post-1990 vmtage
R equlpment added .to new housing units not accounting for
equlpment amuon by ‘housing type and Census Division, -
' HfRSUR,,eg,;,, is'the éqfiriving‘post-1990 equ'iprnent purchaéed as additions or ,
R replecement in‘post-19'90 housing units by housing type and

Census Division, - . , S

- N -
i . .

Energy Informafion Administration L .
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HTCNS (Heating Consumption Subroutine) =

The first step is to construct shell integrity indrces for housing units. There are three indices
used to capture the increases in the energy efficiency of building shells over time. One index
corresponds to the 15re-1991 housing stock; and two indices which correspond to the post-
1990 stock, one for housing constructed in the current year and the other for the average
stock. The shell mdlces are adjusted each year to account for fuel price increases (decreases
have no effect on shell mtegnty, that is shell efﬁc1ency ratchets up as- price mcreases) and |
technology improvements.. The ﬁrst step in this algonthm calculates the percentage price
: change for all heating: fuels as,

!

& . ~ - > 4

" PRIDELTA, PRICESf” _ PRICESf”m x =t - B-(34) -
ey T PRICES PSTEP ‘
f.r1990 o : .
- where, - . 0 . -
‘ PRIDELTA;, - - is ‘the percentage change in price from the base year by fuel and

‘ S Census Divisien,‘cen\;erted to 5 percentage point increments,
. PSIEP ~ is-a constant which is set to 0.05 to convert the percentage
| o ) change in fuel price to the number of 5 percentage _point
T 'mcrements of price change »‘ '
’ PRICESﬁ,,y‘ - 1s the fuel pnce by fuel Census D1v1s1on and year and
: }’MCESﬂn 1990 | . ‘ 7 is the 1990 (base year) fuel pnce by fuel and Census Division.

-, N '

"+ The emstmg housmg heatmg shell mdex 1s calculated as,

ST EHSHELL -EHSHELL,_,,, -, ifEHSHELL ' > EHSHELL’_, .
. 'ERSHELL,, = EHSHELL,,, LIMIT , if EBSHELL , = LIMIT B-(35)

EHSHELL,,,-l (PRIDELTA ' SSTEF) , otherwise

where,- o ‘ .
' EHSHELL,,, . isthe heating shell,integrity index for existing housing by year,’
: vEnergy Information Admlmsu'anon ) .
NEMS Residential Demand Module Documentauon Report K B-19 .




fuel and Census Division (the lower the value of the mdex, the
greater the shell efficiency),
LIMIT - limits the maximum shell index efficiency to 0.8 (i.e.,- ma:dmum
shell efficiency is limited to being 20 percent more éfficient than
. ‘ the base year value), and
' SSTEP , . is set to 0.01 and is a component of the shell elastlc1ty with
S respect to heatmg fuel pnce ‘
PSTEP converts the percentage change in prrce to the number of § percentage pomt |
‘mcrements of pnce change in Equauon B-33 In equanon B-34, PR]DELTA 1s multlphed by
' vSSTEP and converted to the shell efﬁc1ency index. Every 5 percentage point mcrease in fuel
;f price relative to the base year results i in a shell effic1ency 1ndex decrease of 1. percentage

pomt of the base year shell effic1ency up to the hmrt of 0. 8

The new housing heating shell : index is ca_lculated Ias,v -

- © (NHSHELL, -NHSHELL,_W . ifNHSHELL > NHSHELL ” 'B-(36)
NHSHELL, = |NHSHELL ,=LIMIT , * . © yNmsmELL,, <TmaT - :
~ NHSHELL,,_,-NHSHELLW (@-1990) x TECHG + PRIDELTA,, x SSTEP) , otherwise

" where, L -
- NHSHELLy f, ‘ 1s the new housmg Anits shell mtegnty index by year, fuel and
B f - .~Census Drwsron, : L I
fECHG - o ' '. ;1s a parameter representmg the annual increase in new

" shell mtegnty due to technology nnprovements (assumed
“ to be 1 0 percentage pomts of the base year mdex per -
.'-'year),dfl R o
; PRiDELTAﬁ, o , 1s the percent change in pnce of the fuel by Census D1v1s1on in

s percnetage point increments,

B o Energy Informauon Admrmstratlon .
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SSTEP

t

is set to 0.01 and is a component of the shell elasticity with

respect to heating fuel price.

' Thecooling shell indices are linked to the heating shell index calculations,

.- b
ECSHELL,, =

E E EHSHELL yﬂcg).r (HIESE”&,” + H’IRP m;y,eg ;¥ HTIS’R90m )
Z;E(HTESE)W’W + HYRPQO”M, + IHSR90M;’,,,)

where, '
ECSHELL,,
. EHSHELL

'yAleg)r

- HTSR90

v.ezbr
" HIRP9,,,,

- HTESE

egbr

" _-D1v1s1on, -

B-(37) |

- s the existing housing units cooling shell efficiency index by

year and Census: Division, N

" is the heatlng shell mtegnty mdex for existing housmg by year,
7" fuel for equlpment type eg and Census Division, ’

- is the surv1v1ng post-1990 vintage. geneml equipment in pre-1991 ‘

housmg units in the current year by housi .mg type and Census

'
i .

is the number of replacement (post-1990 vmtage) equipment

e "demanded in pre-1991 housmg units by housmg type and Census
« D1v1smn, and

. is the surv1vmg pre-1991 vmtage stock of equ1pment in pre-1991

vmtage housmg umts by housmg type- and Census D1v131on

! N -
3

Energy Informauon Admmlslrauon
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EE NHSHELL,, x HTRADD

o yeg.hr o
NCSHELL,, = : i - B-(38)
\ Z 2 HIRADD}, egbr
b e |
.\,\

where, . ‘ 7

NCSHELLN o is the new: housmg unit coolmg shell efficiency mdex by year

\ " and Census Division, ‘ '

NHSHELL, g is the new housing units heatrng shell efﬁc1ency index by year, '

IR ’ - fuel and Census D1v1s10n, and -~ - o

HIRADDy br_ 18, the number of post-1990 vmtage equipment added to post- -

1990 housmg units by housmg type, Census Division and

forecast ryear

g The average post~1990 housmg shell mdlces are calculated as

o AHSHELL’” ’};\E [NHSHELL, f,xHTRADDy aads * AHSHELLy . ,,x(HmREP +HIRSUI§“ 5]
o i : EE[”TMD y.ec.b.r +HTRREP, yn.b.r'*m URyn.b.r]’
| : B-(39)
where, : ‘ ‘ . _
AHSHELL is the average heaung shell mdex by year, fuel and Census
L ‘ - . ' D1v1s1on, ‘ S ,
T :.NHSHELLM, e .. | is the new: housmg umts shell mtegnty mdex by year fuel and
T o »»"Census D1v1s10n R
HTRADDy egr - s the number of equlpment umts mstalled in new constructton B
o e by housing type Census D1v1s1on and forecast year,
HTRREP, esr s the number of equipment replacements of post-1990
: R equlpment in post-1990 housmg units, and
-7 HTRSURy esir 4 - . 1s the surv1vmg post—1990 equlpment purchased as addmons or

‘
-

' 'Energy Informauon Admrmstrauon . ° oo :
NEMS Res1denual Demand Module Documentatron Report A B-22



ACSHELL,, =

replacement in post-1990 housing units by housing type and

Census Division.

; % [AHSHE yf,,x(mmz)p + HTRREP, M+HZIRSUI§ s ,,,)]

~

where,
' ACSHELL,,

' HTRADD

: jHTRREP

yegbr

AHSH EL,LMI' '

yegbr

" HIRSUR,, ;,

HNUEC

A D1v1s1on

- HTUEC
y.eg.b,r I

E E [ y.eg.b.r + HIRREP yegbr +HmURyAe.b,r]

B-(40)

is the average cooling shell index by yedr fuel and Census

D1v1s10n,

- is the average heatmg shell index by year, fuel and Census

-t

. is the number of post-1990.vintage equipment added to post-

1990 housing units by housing type, Census Division and

- forecast year, .
s the nuinber of equlpment replacement.. of post—1990
: eqmpment in post-1990 housmg units, and -

s surv1v1ng post-1990 equipment purchased as additions or

replacements in post-1990 housmg umts by housmg type and

. Census Division.

(WIHEFFN,,,,, +m) o |
s X|1+ - = |, if WIHEFFN>0%-41)

BSEFF,,

HTUEC, .

, Otherwise

Energy Informauon Administration
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- where, » 4
| HNUEC eg.bir is the unit energy consumption by year for new equipment by
, housing type. and Cénsus Division,

WYHEFFNY,CS;,,,, ‘ is the equlpment efﬁc1ency by year, general equlpment type,

housmg type and Census Division,

| BSEFF,, . . _1s ‘the average effic1ency of the general eqmpment type, -
~ HTZ]EC,_egy,, oo ; - is unit energy consumptmn for surviving equlpment in pre-1991
- ' t fhousmg by Census D1v1$1on, general equlpment type and housmg .

type; . ST

(W?HEFF&,@, =)

L HTEFF, e o ‘.42’,
HRUEC - HTUECM&,,X 1+ — —=-| , if WIHEFFN> (42)
. - HIEFF, .‘ - - '
\HTUEC,,, .~ ", otherwise
'where, PR ’ T g ' ‘
HRUEC weghr .- isthe replaeement equipement unit energy consumption by.year,

- general equipment type, housing type and Census Division, and

-

H’IEFFy o s fs til_ﬁ efﬁcieﬁej of retu‘mg 19.90 vintage equipmenf by year. °
(. LENUEC,;,STc L U 1fy—1991 Yy
I HNUEC ’b’,,’:"“f Voo zftkeequzpmentstocks() :

- A [HTRPY0,,,, x HRUEC, .
- HAUEG,,,, =| * (HmADD 5 +HIRREP, - ) x HNUEC.

+ (HTRSR90,,,, +HTRSUR, ., ) x HAUEC, ; i ﬁ,,]

[HTRPSO, -+ HIRREP, ., +HIRADD, ., |

¥ st ,,,,szRs‘qu” P

\ ER : AN Y:£8;

therwise

\"

- Energy Informauon Admm1strat10n . . e :
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where,

HAUEC,,,,, is the average unit energy consumption general equipment type,
housing type and Census Division. 7
. 5
) HIESE,,,, xHTUEC, beHSHELL PRICES
HTRCON,,,, ﬂFEE + HTRADD,RMXHNUEC xNHSHELL x{_—’f’ x(1 - EPACTH)xHDDADJ,
, @\ + HIRPOO, ., xHRUEC, <y \ XEHSHELL .| \PRICES, o .
B-(44)
' HTESE,,, xHTUEC, , ,xEHSHELL ,,
g M’"b'x%g’m’xggggggzﬂ PRICES,
-+- X .
HTRCOKN, razhs d ¥ — Y| |x(1-EPACTH )xHD
btr D2 | 4 HISROO, gy HAUEC, oy, < EHSHELL,, |* ( PRICE,, w) x(1~EPACTH )xHDDAD],
+ HmREPm,,xHNUEC 5, XAHSHELL . . -
\ + HIRSUR ,,, xHAUEC, ., xAHSHELL o
, X B-(45)
where,
HTRCON,,, is the consumptlon for the service category,
. HTSR’QOy,,,&,,,r s the surviving post-1990 v1ntage general.equipment in pre-1991
) housmg umts in the current year by housmg type and Census
Division, ' _ R o ' )
HTRP90 gy o - 1S the‘ number of replacement (post-19904vintage) equipment
' demanded in pre-1991 housmg umts by housmg type and Census
- ’ D1v1$1on ‘and ' : '
HTRREP egbyr - is the number of eqmpment replacements of post-1990
" - equipmént in post-1990 housing units, -
HTRSUR eg,,, . 1s surviving.post-1990 equ1pment pumh&ed as additions or

: :-NEMS Residential Demand Module Documentanon Repc»rt :

H

replacements in post-1990 housmg units by housmg type and

,
~
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H TRADD

" HTESE

'y.e8.b,r

EHSHELL,,,
 NHSHELL,,,
S ’AHSHELLM,

'

HTUEC

egb

AHRUEC

egbr

’, HAUEC

egbr -

o !PRICESf-,?,,y"f -
- | ~ is the short-term prrce elast1c1ty, and -
EPACTH,™ " ~.

AV

(< .

yegbr

 HDDADIJ,- ~

Census Drvrsron

1990 housmg units by housing type, Census D1v1510n and

forecast year

. is the number of post-1990 vmtage equipment added to post-

is the surviving pre-1991 vintage stock of equrpment in pre-1991 -

. vmtage housmg units by housmg type and Census D1v1s1on
1is the heatlng shell mtegrlty mdex for exrstrng housing by year,
fuel and Census Division; ‘
s the new housmg units shell mtegrrty mdex by year, fuel and

‘Census D1v1s1on .

N ‘D1v1s10n

-\housmg type and Census Drvrsron,

; is the fuel prrce by fuel ‘Census Drvrsron and year,

W

y, and

1s the heatmg degree day adJustment factor by region to correct

~

N

S the average heating shell mdex by 'year, fuel and Census

‘ hgeneral equrpment type, housmg type and Census Division.

A

' 11s unit energy consumptron for survrvmg equrpment m pre-1991

= housrng by Census D1vrs1on general equlpment type and housmg
. ‘type, | . )

is the replacement equrpement umt energy consumption by year,

i the pl‘OJeCth savmgs from wmdow labelmg program in year

for the unusua]ly warm weather durrng the RECS survey year.

L o . Energy Informauon Admrmstratron X
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SPACE COOLING

RDCLEQT (Project Existing Cooling Equipment)

For y = 1990:
CLESE1990 g HTIESEH.,90 eenr V¥ €lec, gas, geo heat pumps B-(46)
CLSHR,, o
;b ) 2 -
CLESE1990 b —To‘ﬂ x EH\ g b v non-l&ect pumps ‘B (47)
L where, ‘
CLESE,”M,,,, . is the base year space coohng eqmpment stock by housmg type
_ - arid Census D1v1smn, '
HTESE 99005, s the base year number of heat pumps for space heatmg by
o ‘ ' /housmg type and Census Division, ‘ )
‘ CLSHReg vr. . is the base year market share of space coohng equlpment by"
4 _ bu11d1ng type and Census D1v1$1on, and
EH,m',,,,‘ © s the base year e}ustmg '(pre-1991 vintage) housmg stock by
, o housmg type and Census D1v131on
‘ 'For y > 1990
- ﬂ CLESEy cehr HIESEy e ¥ elec, gas, geo heat pumps B-(48) .
- '
| CLESEy egbr = CLE.S’E1990 b x SVRHZ),_1990 Lo HDR;™™". Y non-heat pumps
: B-(49)
where,- ' .

Energy Information'Administration 7 o
NEMS Residential Demand Module Documentation Report -B-27

1




: CLESE

'y,.eg,b,r

HTESE

'y,eg,b,r

is the amount of surviving pre-1991 'nintage space cooling
eouipme_nt in pre-1991 vintage housed by housing type and
Census Divisron;' _ |
) is the surviving number of original‘:heat pumps used for soace
heating in pre-1991 housing units by housing type and Census

Division, - =

SVRTE 1950, mm 1s the equ1pment surv1val rate,

HDR;
y-1 990 B

4

OPCOST

where,

" OPCOST s
PRICE'Sﬁ;,’y‘ -

. USAGE,,

EFF,,

es -

' BASEFF

is the housmg survival rate by housmg type, and
is the age of the pre-1991_ vintage equipment.

s

' RACTEC (Room air conditioning equipment choice)

M P

e 1 1

© BASEFF

PRICESGMN

s the operadlng cost for ﬂ;é soeciﬁc'roorn air conditjoner

‘ equipment'type by housing type, Census Division and year,
_are the electncrty pnces by regron and forecast year, . :

< is the’ electnc1ty umt energy consumptlon of room a1r |
condltronmg equrpment by ‘Census. D1v1s1on and housmg type, .
‘ is the specrﬁc equrpment efficrency, and

s the 1990 stock—average room aJr condmoner equrpment

-"effic1ency S S S

‘The followmg vanables areoomputed as in the equatrons 1nd10ated

LFCY y,es,b,r '

v -~

is the specrfic room air conditioner’s life cycle-cost by year,

housmg type and Census D1v1s10n Itis computed as in B- 12

Energy Informatron Admrmstrauon 3 _' o ) o -
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S 4.



above.

EQWIN,,,. is the equ1pment weight for new specific equlpment by housing
- -type, Census Division and year. It is computed as in B-13
above. »
EQWIR,,.,, ‘is the equipment 'weiglit for replacement specific equipment by

housing type, Census Division and year. It is computed as in B-
14 above. ' o
‘ TOTEWTN veghr - 18 the sum of specific equipment weights for the new general
. equipment type. It1is cornputed as in B-15 above.
) TOTEWTI.QY,,,&,,,, - is the sum of specific equipment vyeights for the.new general

" equipment type. It is computed as in B-16 above.

I3

: ' . Eqmm N . . )
RRACS, w < yeshbr . B-(51)
et " TOTEWR gy
NRACS —__yeshy .. B-(52)
HR e = mmwmm . : :
where, - ’ ? }
' NRACSHR,,.,, . is the new market share for the new roora air, conditioner
| ' ' specific equlpment type by year, housmg type and Census
. D1v1smn, 8 , ‘
RRACSHR yesbir s the new market share for the new.room air conditioner

spe01fic equ1pment type by year, housmg type and Census :

: D1v1s1on,

TOTEWIN,,,;, is the sum of spe01fic equ1pment welghts for the new general

————

equlpment type, _ \ C
TOTEWTR ezhy - 18 the sum of specific equipment weights for the new generai
equipment type, . . ‘ '

Energy Information Administration
" NEMS Re51dent1a1 Demand Module Documentation Report . B-20



EQWTN esbr ', s the speciﬁc equi'pment weight for. new equipment, and ‘

EQWIR, ., - s the specific equipment weight for replacement equiptnent.

ey

(0 [ rracsER
, Z[ EFF, ]

es b o

' ' , Y RRACSHR,, . >0|
WIACEFR 1,c5, = | Y RRACSHR, ., b Wossts B-(53)
. - es.

1

K . -l ——=—, otherwise
’ . o A - BASEFF ' R )
LT e A o [mcsmg,,,] B )
. - .es,b,r 0 N
e WTACEFN macar =, ENRACSH@M, s ‘ B-(54)
R ,otherwzse -
Where’ ' O . L. 5 .. B
WTACEFN Vyracy; g "1s the welghted efficiency of new room air condmoners by year,
‘.': N ~housmg type and Census Division, - o
WTACEFR YRACE:T i the weighted efﬁmency of replacement room air cond1t10ners
L : S by year, housing type and Census D1v1s1on S ‘
- -NRAC’SHR,,&;, s, .is the new market share for the new room air conditioner
B e - specific equlpment type by year, hOUSmg type and Census
: | I Division, . )
- RRACSI-_I"(RM;',"’-; © “is.the new market share for the new foom air conditioner
- ST ~spec1ﬁc equlpment type by year housing type and Census
o D1v1s1on, : S
i e - Energy Infonnauon Administration : .
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EFF,, - is the specific equipment efficiency, and |
BASEFF is the 1990 stock-average room air conditioner equipment.

 efficiency.

CACTEC (Central room air conditioning equi‘pmentcho_ice)

~ The following variables are computed as in the equations indicated:

OPCOST, s, . is the operating cost for the specific central air conditioner
‘ ~ equipment type by housing type, Census Division and year. It is
.computed as'in B-49 above, /

LFCY.. esbr is the spec1ﬁc central a.u' cond1t10ner s life cycle cost by year,

]

’ housmg type and Census Division. It i is computed as in B-12

above,

LI

EQWIN,,,,,  isthe equipment weight for new specfﬁc equipment by housing
| - type, Census Division and year Iti is computed as in B-13
. above. _ -
EQWIR shr is the eq.iiipmxentiweight for replacement specific equipment by
» 'housmg type, Census D1v1s10n and year “It is computed as m B-
o S | ’ 14 above
| TOTEWIN

egbr 1s the sum of spemﬁc equlpment welghts for the new general

.equlpment type It is- computed as in B-15 above.
TQTEWTRy,eg,,,,;' is the sum of spe01fic equlpment welghts for the new general

. o ;'equlpment type. It is computed as in B- l6 above. -

- _ EQWZN
NCACSHIQ, eshr = TOIEW'IN y
’ . 0 , otherwise

br . TUTEWYN >0 B-(55)

PR Energy" Informatlon -Administration .
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EQWIR}WM

RCACSHR ;= mmwnzﬁg o 5 eg.bir - (56)
- » Otherwise

where,
NCACSHR yesbr is the new market share 'for the new central air condiﬁener |
, specﬁ“lc equlpment type by year, houSmg type and Census
D1v131on, | ,
) RCACSHRy,&,, b s the new market share for the new central air condltloners
I . . spec1fic equ1pment type by year, housmg type and Censis-
Sl D1v1s10n, S ‘

_ TOTEWTIN g 1s the sum of specific equlpment welghts for the new general

equipment type - . ‘
L TOTE;WTRN&,,, - isthe snrn of speciﬁc.eqi_linment weights for the new general
B . equipment type, "
EQWIN, .., ‘1s the spemﬁc eqmpment welght for new equlpment and
EQWYRM - isthe spec1fic equlpment welght for replacement equlpment
( [chenzg ] R Y
. E L ymbr . ,
i ’ NCACS. -
WTACEFN cachr = ENCACSH&” b § H&"W |- B8
‘ 1 ——~ l_. .» otherwise -
. BASEFF : - )

i

. Energy Informauon Admmlstrauon L r - o
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( RCACSHR .5, o \
E[ R:,b] .

EFF,,

‘ » Y RCACSHR , , >0

WIACEFR ,,, =| 3 RCACSHR , ,, -§ OMsr™0 p(sy)
- i

—1— , otkerwise .
\ BASEFF _ ; ]

- &8

: where, ‘
WTACEFN WRACH,r 1s the welghted efficiency of new centra] air conditioners by
) year, housmg type and Census D1v1s1on,
WTACEFRy,RA'Cj,,,‘, . is the weighted efﬁc1ency of replacement central air condmoners
‘ by year, housing type and Census Division,
NCACSHR,,,,,  is the new market share for the new central air conditioner
“specific equlpment type by year, housmg, type and Census
.- Division, _
' RCACSHR,: eshr . i the new market share for the new central air condmoner

specific equ1pment type by year, housmg type and Census .

e . N Division; - '
EFF,, . is the specific equipfnent efficiency, and ‘
BASEFF ‘ l ) 1s the 19QD stock—average room air conditioner equlpment

efﬁc1ency Lo :
} . ‘ . ‘. ". o

COOLAD (Addiﬁons and replacements'of cooliné equipment) |

. . - CLADD ., . HSEADD xCACSATb - : . B~(39)
Where, ’ ' ’ - ‘ o
CLADD LCAGHr is the number of central air conditioners added to new (post-

. ) : . !

- P

S ) " Energy Information Admmlslranon S
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where, ~
' CLADD wRchr

HSEADD,

b,r

'CACSAT,,

HSEADD,,,

RACSAT,,

CLADD

1990) housing units by"year, housing type and Census Division,
is the ameunt of housing additions by year,-bousing type and
Census D1v1sron and - A _ )

is the market penetration level or saturation of the market for
central air conditioning equlpment by housing type and Census |

Division.

D, racsr HSEADD xRACSATb, ‘ B-(60)

is the number of room air- cond1t10ners added to new (post-1990)

’ housmg umts by year, housmg type and Census D1v1s1on

is the amount of housmg additions by year, housing type and

' Census D1v131on, and

is the market penetratlon level or saturation of the market for

B

‘room air condmonmg equlpment by housmg type and Census

‘D1v1s1on

.."..CLADDy',H?,’b}._ H_mADme B vh.e‘atpung)s’ B-(61)

where,

CIADD)’,HP,b,’: =

 HIRADD, 7,

v

s the number of heat pumps used for space coohng added to

h _ mew (post-1990) housmg units by year, housmg type and Census

D1ws10n and

s the number of heat pumps used for space heatmg added to

'dnew housmg units by year, housmg type and Census Division.

.
N
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S leCIADDM‘cHP’b’,, if CLADD ymcﬁ;sz CMD .
- CLADD, /¢, = '
CLADD ., - E CLADD,, , ., otherwise - |
‘ . - B-(62)
 where, _ ‘
 CLADD. eg,,, -~ is the number of generél space cooling equipment added to new
‘ ’ ' <(post-1990) housing units by year, housmg type and Census
Division, v
eg . ’ is the general space cooling equlpment type where 1=RAC,
S Z—CAC ‘3=Electric heat pump, 4= Geothermal heat pump, and
- 5=Natural gas heat pump.
1 - ,
‘?["gllzyp?ﬁg’b’ - _129391 [cuepyo % HDR,, x svzmzy o .L,.,] B-(63)
- Jor eg=RAC, cac” | '
czsmom,,, nmmom_,,, V heat pumps . -B-(64)
" where,

' CLSR90,,.,, - . s the surv1vmg post-1990 coo]mg equlpment in pre—1991
- ‘ | 4 housmg units by year, housmg type and 'Census Division,
CLRP90,,, - 18 the number of replacement (post-1990 vintage) equlpment
‘ ' requlred for pre-1991 housing units by year, -housing type and

Census D1v1s1on

Energy Informauon AdmlmstratIon -
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b where,

HDR,, © is the housmg survival rate by housmg type, and

SVRTE w,,,,,,b,m' ; 1s the equlpment survival rate

1

CLND90 ' CLESE sgbr X HDR, xPNRT , if y-1990
vaghs " CLNDDO, w,,,xr:um,,xPNRT if y>1990 B-(65)
: Jor eg-RAC CAC
where, - . o '_, '
‘_CLNDQOy,eg,,,,,J - 1s the total amount of room and central air condluomng
| ' equrpment démanded in pre-1991 housmg each year by housmg
~ .type and Census D1v1s10n, :
'_C'LESE,m br  -isthe pre-1991 air. condmonmg equrpment in pre-1991 housmg
. - - L - umts in the base year by housing type and Census D1v1sron,
" -HDR, T 1s the housmg surv1va1 rate by housmg type, and '
: pivrzr (10+pE_N RATE,, V smgleﬁzmdphomeswuhCA - “B-(66)
_ 1 0 otherwise : ‘ :
PNRT‘ T L is market penetratlon of. central air condmomng equipment into
i ' smgle famﬂy homes whlch contam ex1st1ng duct work for the
space heatmg system '
CLRP90 CLND90 CLESE CLS‘R90 ‘
- . B-(67)
. fnr _eg=RAC,CAC
S cmmom,,, ‘ Hmpyom,,, 'V heat pumps . B-(68)

v

\
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where, .
vCLSRQOy,eg,,,,, , is the surviving post-1990 central and rcom-air conditioning
equipment in pre-1991 housmg units by year, housing type and
Census D1v1s1on '
' CLRP90,,,,, | is the number of replacement (post-199(]' vintage) equrpment
demanded in pre-1991 housmg units by year, housing type and
Census Division, 1
CLESE,,.,, ~  is the amount of suwiving pre-1991 vintage space cooling
. equlpment in pre—1991 vintage housed by housing type and
PR Census’ D1v1s1on ’
’ ‘CLND90,,,, is the total amount of room and central air conditioning
' . ‘ equipment demanded in pre-1991 housing each year by housing »
' type.and Census Division, and ' o ) '
HTRP90 hegbr. - | is the number of heat pump replacementé for space heating in
pre-1991 housmg umts by year, housmg type and Census

.~ ' Division..

Sy e .

. yot . .
SAy,ig,b,r ‘-§91 [CLADD"‘&W x . HDR; ] ‘ | !3-(69)
‘ for eg-= RAC, CAC

where, . ‘ »
SA Jegbr . : -1s the. number of surv1v1ng air condltromng units originally |
' rpurchased for new housing. add1t10ns by year, housing type and
| Census D1v1s1on, ‘ .
CIADD,,,,, . " "i§ the number of air condltronmg umts added to new (post-1990) '
housing units by year, housmg type and Census Division; and

HDR, - _ " is the housing demolition rate by housing type.

. . -Energy Information Administration _
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CLSUR ., = X [cLapp, gy, + CLREP was) % HDR SVRIE, ,; A_‘] B-t70) |
' " for eg=RAC,CAC . |
: CLSURy - ’,u HIRSURy ghr “ Jor 'egéhea'_t pumps B-(71)
where, . g ‘ -
. "»CLS'URy,eg_,,,, . is the number of survrvmg room and central air cond1honers in '
.~ T ,post-1990 housmg umts by year, housmg type and Census
‘ » “ Division, U .
n : CIADD,eg,,, ) . is the number of general space cooling equrpment added to new -
E ) , -(post-1990) housmg units by year housmg type and Census
:{D1v1510n,‘, :
'CLREP,,_,g,,, is the number of equrpment replacements demanded in post—1990
L ' housmg units by "year, housmg type and Census D1vrslon,
‘ HDR,, ' i | is'the housmg demohtron rate by housmg type,’ and
: SVRTE itmin s i cds the eqmpment surv1va1 rate. a
} CLREP» 8 (SAy,es.b,r CLSUI%&«&M > zfeg G[RAC CAC-I) ‘ B-t72) ’
y.eg.b.r = S HIRREP "bf s zfege[heatpump] : S
CLREP yeghr = . ., 1s the number of equrpment replacements demanded in post-1990
. SR = housmg umts by year, housmg type and Census Division, _
. JCISURy;eg,,,;‘,. “is the’ number of surv1v1ng room and central air condrtroners in

. post—1990 housmg umts by year, housmg type and Census

D1v1s10n, .
Energy Infonnauon Admmrstrauon ) o
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SA, o ' is the amount surviving central air cdnditionefs originally
purchased for new housing additions by year, housing type and
‘ lCens'us Division, and ’
HTRREPm br is the number of heat pumps replaced for space heating in post-
1990 housing units by year, housing type and Census Division.

CLCNS (Cooling Consumption) »

. f -
' NHTRSHR, .5,
E[ HPEFF, * ]

&s pLd

B » Y NHIRSHR , 1r0;,>0
" WTACEFNy,,“ —_— %}NHIRSH& by I.S-(7§)
’ 1

\ BSEFF g 1y

, Otherwise

-where, . L
‘ WTACEFNy,e,ec #pyr 1S the weighted efficiency of new electric heat pumps by year,
housmg type and Census D1v1310n, l
HPEFF' © is the efﬁ01ency rating of the spec1ﬁc he.it pump equlpment type,
BSEFF yepric 1y " isthe 1990( stock-average efficiency of electric heat pumps, and
NHZRSHRM&,,,, .. 1is the market share of new general heating eciuipment.by year,
- housing type and Census Division. ‘
. ‘ GEOEFF,, HSYSSHRy.gw HP.b,r >0 B-(74)
2 WTACEF Nmo mpr =L =y OtherWtse
. BSEFF,,, pp
'where,
Energy Information Administration
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e

3

where,

WTACEFNy,éw HPbr 1S the weighted efficiency of new geothermal heat pumps by

year housing type and Census Division,

GEOEFF,, " is the efﬁc1ency rating of geothermal heat pump equipment type,
BSEFF,,, up is the 1990 stock-average efficiency of geothermal heat pumps,

. and } ,
HSYSSHRy ebr . 1S the base year market share of geothermal heat pumps by

housmg type and Census D1v1s1on

WTACEFNym, mpy = | 1
\ BSEFF o

. 1
' GHPEFF,;

, HSYSSHR ;; 1o, >0

, atherwise

B-(75)

’ WTACEFN 5a HPbr is the weignted efficiency of new natural gas heat pumps by

HSYSSHR

-year, heusing type and Census Division,

" and’ Census Dmsxon

- WIACEFR, . mpy, ™=

( E[%]

HPEFF,

es: pimd

| BSEFF o 1y

", otherwise '

es

. SSRHTRSHR . .. 50|
.Emmsmgm,,,z AR e s ™0
(23

- Energy Informauon Admm1strauon .
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where, . .
WTACEFR, ... pps, s the weighted efficiency of teplacement electric heat pumps by

year, housing type and Censlus\ Division,

HPEFF,, is the efficiency rating of the speciﬁc~he:at'pump_equipment type,
BSEFF,,,,.. ,,; + is the 1990 ~stock-avcrégé efficiency of electric heat pumps, and
RH TRSHRy,e;,,,,,- . is the market share of replacement general heating equipment by

year, housing type and Census Division.

1
, | Gemsy; - RHTRSHR,,,,,>0 B
“- WIACEFR, s, =| 1 e
- BSEFF,,, \

. where, .

: WTACEFRy,gw HPhr is the weighted efficiency of replacement geothermal heat pumps

Lo . -+ by year, housing type and Census Division, '
GEOEFF,,- . is the efficiency rating of geothérmal heat pump équipment type,

- BSEFF,,, yp - _ is.the 1990 stock-average efﬁciency of geothermal heat pumps,

RHTRSHR,,,, . : s the.market share of replacement geothérqm‘él heat pumps
" equipment type by year, houlsing,type and Census Division.
e | R0
T ™ éSEFlF . otherwise I
\ " gaskp )
where, -

. - Energy Information Administration .
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WTACEFN, i, s

is the weighted efficiency of replacement natural gas heat pumps

by year, housing type and Census Div@sion, .

GHPEFF,, . is the efﬁciency rating of natural gas heat pump equipment type,
'BSEFFSM HP is 'tne ayerage efficiency of gas heat pumps, and '
RHIRSHR s, - 'is the market share of replacement natural gas heat pumps
equ1pment type by year, housing type and Census D1v151on
CLUEC,, , x |1 + (PACE ) v WTACEFN , > o[B-(7 )
CNUEcm,,, rash 1T _ 31” - ’
.. CLUEC,, - , otherwise
CNUEC egbr *1s the efﬁmency welghted unit energy consumpuon of new a1r
condmonmg equlpment by year, housmg type and Census
o D1v1s1on | ) ' L o
CLUEC,,e&,, - is the umt energy consumpnon of the general space cooling’
B ,"equlpment type by housmg type and Census Division,
WTACEFNy coibr is-the welghted effimency of new space cooling equlpment by
‘ “year, housmg type and Census D1v1s1on,
BSEFE%

A '1s the 1990 stock-average effi01ency of space coohng the general
;equ1pment type "_'; . o ,

- Energy Information Admm1strat10n )

. NEMS Resxdent1al Demand Module Documentation Report .~~~ " B-42



CRUEC,,,,, =

'where,
CRUEC eabr

CLUEC,

egb .

WTACEFR, .

CLEFF

yeg

. CAUEC,,,,

_cLuec,, , x |1+

1
(WTACEFI{M,J, cm,,,)
1 ) ’
CLSEFF, o
CLUEC, 2b » Otherwise

. o/ B-80)

if WIACEFR,,

is the efficiency weighted unit energy cs»nsumpﬁon of

" replacement a1r csndiﬁoning equipment by year, housing tjpe,
and Census Division,
is the unit 'energy conSumption of the genéral space cobling '
equ1pment type by housing type and Census D1v1310n,

‘is the we1ghted efﬁc1ency of replacement space coohng
equipment by .year, housmg type and Census Division,

’is the retlrmg effic1ency of the 1990 eqmpment stock by general

- equipment type and year.

. CNUEC,,, C e L ify=1991 : A
[CLRP90 #,XCRUEC, ;1,] . ,
+ [(CLADD ., 1CiREP w53 XCNUEC, 1. ]

[(C”R” CLSUR, 3 JXCAUEC , .5,]

where, ;
. CAUEC,,,

(CLRP90, b ,+CLREP +CIADD

~CLSR90 , gfdenominatar>0

vagpr*CISUR, 40p.) ‘ 7
, atherwise . )
o B-81) '

YARBr 2,

CNUEC””’

is the average unit energy consumption of the-space cooling -

Energy Information Administration
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CLSR90,

CLRP90

yegbr

" CRUEC

yegbr

CLREP

egbr

"CLSUR

CNUEC

egbr o

yegbr

yegbr- "

'TCLAD D y.‘eg,;.r o

" general equipment by year, noqsmg type and Census Di\{isien,'
is the snrviving 'post-1990 central and room-air eonditioning
equipment in pre~1991 housmg units by year, housing type and
Census D1v1s1on

- is the number of replacement (post-1990 vintage) equipment
| demanded in pre—1991 housmg units by year, housing type and
"Census Division,

is the efficiency weighted unit energy consumption of '
replacement air condmomng equlpment by year, “housing type
and Census Division, | _

" is the number of equlpment replacements demanded in pos_t—l99bt

'housing units by year, housing type and Census Division,

_ 1s the number of surv1v1ng room and central air cond1t10ners in-
post-1990 housmg units by year housmg type and Census
D1v1$10n |

. is the number of. general space coohng equipment added to new
(post—1990) housing’ umts by year, housmg type and Census

D1v1310n and - . . -

is the efﬁc1ency welghted unit energy consumption of new air

condmonmg equipment by year housmg type and Census

D1v1310n -

| WIACEFA,,, = ( .

WIACEFN g51 0.5, » f <1991 ' )
(CLSR90, i,,,‘scrsmemr 5,) < WIACEFA,, ..
H(CLRP90, 5, +CLADD, 1 +CLREP, 1 X WIACE TN gy |
czsngo +czswgm,+cmp9om,, S
| +CLADD 2,*CLREP, .
. L. wracEmN ,otherwiseu' )

. NEMS Res1dentlal Demand Module Documentation Report - PR
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where,
WTACEFA

yeg.br

egbr

WTACETN,

- CLSR90,,,,,
* 'CLRP90,,,,,

CLREP

yegbr |

 CLSUR,,,

- CLADD

yegbr

cooz,cnmw evergyr =

. B-(83)

" 'where,
CLESE,,,,

is the weighted average efficiency of Space cooling general

~ equipment types by year, housing type and Census Division,

is weighted average efficiency of new space cooling equipment

. by year, housing type and Census Divisi ion,

is the surviving post-1990 central and room air condmonmg
equipment in pre-1991 housmg units by year, housmg type and

Census Division,

is the number of replacement (post-1990 vintage) equipment

demanded in pre-1991 housmg units by year, housmg type and
Census Division,. - .
is the number of equipment replacements‘de'manded in post-1990

housing units by year, housing type and Census Division, .

- is the number of surviving room and central air condmoners in

_post-1990 housing units by year, housm1, type and Census

,D1v1s10n, and

b

is the number of general space cooling equipment added to new
(post-1990) housmg umts by year, housmg type and Census

Division.

L CLUEC’
slec kpb
CLESE brgeo ko +CLRP90, b geo kp J ( CLUE(,,,R” o

+CLSR90 \Burgeo hp CIADDy Brgeo hp X 33 ]x(l-El:’ACIC,)
*+ I‘S URy-bf.xw p* +CLREP, y.brgeo bp

is the amount of surviving pre-1991. vintage space cooling

. equipment in pre-1991 vintage housed by housing type and

Energy Informauon Adm1mstrat10n
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CLSR90.

CLRP90,,

y.egbir

" CLSUR

y.eg,b,7

CLADD

egbr

EPACTC,

' ~F0‘ry‘=‘ 1991, ;‘ .

COOLCNN, _

‘Fory > 1991, , -

yeghr

' D1v1smn

Census Division '
is the surv1vmg post-1990 central and room-air conditioning
equipment in pre-1991 housmg units by year, housing type and

Census Division,

‘is the number of replacement (post-1990 vmtage) equlpment

‘ demanded in pre-1991 housmg units by year, housmg type and
) Census D1v1s1on

*is the: number. of surviving'ioom and central air conditioners in

- -post-1990 housmg umts by year, housmg type and Census

is the number of general space coolmg equlpment added to new -

(post-1990) housmg units by year, housmg type and Census

D1v1$1on

: is the savmgs from the EPACT window labehng program on
'space coohng costs by year. S o

CLESE xCLUEC ’beCSHELL
+CLADD xCN UEC 5, *NCSHELL

E}: "+CLRP90 xCRUEC ’b’,xECSHELL - B39,

PRICESfN ,
Ty x(‘l—EPACICy)xCDDADJ
PRICESf, 19%0) | | |

Energy Information Admmistranon
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COOLCN,

where,
' CLSR90

y.e8,b,r

CLRP90

yegbr

' CLREP

yegbr

yegbr’ :

CLSUR
CLADD, by -

CLESE, ., ,

/

Yhro

[ ( CLESE,,,, xCLUEC, ’beC'SHELL \
+CLADD,, . xCNUEC vegiyNCSHELL
+CLRP90 xCRUEC xECSHELL

y.eghr
+CLSR90 'b,xCAUEC 1 ’b xECSHELL

yeghr

B-
Zb:)q: +CLREP 2, <CNUEC, _, xACSHELL (85)
8 +CLSURy e ,,,,chUECy e ’b,xACSHELLy )
——PRIC St (1-EPACTC )xCDDADJ.
x (1- .
PRICES,, | * (! HHACTO<CDDADT

is the sur\ii\}ing post-1990 central and room air conditioning: ‘

- equipment in pre-1991 housing units’ by Slear, housing type. and

-Census D1v1s1on,

o is the number of replacement (post-1990 vintage) equipment

o demanded An pre-1991 housmg units by year, housing type and

F D1v1$1on

Census D1V131on
-is the number of equ1pment replacements demanded in post-1990

housing. units by year, housmg type and Census D1v1s1on,

" is the number of. surv1vmg room and central a.u‘ conditioners i in

post-1990 housmg umts by year, housmg, type and Census

~

" is the number of general space coolmg equipment added to new

(post—1990) housmg umts by year, housmg type and Census ‘
Division, - L ' '

is the amount of 'surViving‘ pre-1991-'vinta'ge space cooling

* equipment in pre-1991 vmtage housed bv housmg type and

Census D1v1$1on,

7
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ECSHELLy,,
NCSHELL;‘,
,ACSHELLN
" "CAUEC ,g,,,

~ CNUEC

egbr

CRUEC

eg,br

. PRICES,,, " .

" EPACTC,

. CDDADJ, T

- is the exisdng housing units cooling shell efﬁciency index by .
" year and Census Division, | ' '
is the new hbusing units cooling shell efﬁciency.’ index by year
" and Census Diyision, | |

is the average coohng shell mdex by year fuel and Census
'D1v1s1on, l ) ‘
is the average umt energy consumptron of the space coohng
i general equ1pment by year, housmg type, and Census D1v1s1on,
E ‘1s the efﬁcrency welghted unit energy consumptron of new air -
condmonmg equlpment by year, housmg type and Census
. Division, = | e )
is the efficiency welghted unit energy consumptron of ~
_ »replacement aJr condrtromng équipment by year, housmg type
, "and Census D1v1s10n, '
“are fuel pnces by Census Drvrs1on and forecast year,
- ‘TIS the short-term price elastrcrty of space coohng energy demand,
n s the savmgs from the EPACT wmdow labelmg program on
space coohng use by year, and .

s, the coohng degree day adJustment factor by region.

~ ~ N -

~
v
\

N
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Water Heating

RDHWEQ (PrOJect Hot Water Heatmg Eqmpment Stock)

Fory = 1990
.HWSH ’ '
HWESE oy, ., = Tw‘&”_f x EHygnoy, ¥ b and eg B-(86)

where, ] : i

‘ HWESE,”,,'C&,,,‘ ‘. 1s the existing’ stock of equ1pment in 1990 by housing type and

’ o S o Census Division, ‘ (
HWSH,,,, C o, isthe 199()lwater heater marketlshare in pre-199i housing units -
' by general equipment type, housing type and Census Division,
| L oand. . .
' EH, br s the 1990 stock of housmg by housmg type and Census -
Division. - . .
SLESE, g, = EHm,xsng, b=1 : B-(87)

wﬁere, _

, ‘SLESE,”,,' , ' is the | ex1st1ng 1990 solar water heaters by Census Division for

. , 'smgle-famlly homes, . _ .
: SLSHR, - . »l © is the 1990 market share of solar- water heaters in pre-1991
N . housing units by Census Division, and '
EH, g5, : -is the 1990 stock of housmg by housmg type and Census -
' ’ ‘ D1v131on “ ' '
- For y > 1990, -
Energy Information Admlmsuatmn
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. HWESEM&I,; ’

where, - ‘
HWESE, ;.
mm |

SLESE

y.eg.b.r

'wherel, _ .
ﬂmg}
. SVRIE 990.I.nun,lmax
HDR,

mmmmmﬂmmz

-1990
Y1990, g s x HDR;

B-(88)

is the surviving ﬁre-1991 vintage general water heaters in pre:- .
1991 housing by year, housing typé and Census Division, .

is the equipment survival rate, and

s the housing demolition rate..

mW““ e
m%%x © B«89) -

: for b=single family ‘ ‘

mm®ﬂwmm

is the amount of surv1vmg pre-1991 vmtage solar water heaters
in pre-1991 housmg imits by Census D1v151on
1s the equlpment survival rate, and

is the housmg surv1val rate by bu11d1ng type.

HZOTEC (Water Heater Eqmpment Ch01ce)

N

whére,
E Tomb,r “ ‘

HSYSSHR

y,e8,b,r

and

mzw,,, 7 EHSYSSHRW,, . BOO)

is the sum of the base year market shares of general space
Theating equipment fypes by housing type Yéhd Census Division,
/

is the rbé.ise year market share of the general space heating

Energy Iﬁfoxmalion Administration

- NEMS ‘Residential Demand Module Documentation 'Report . B-50

[



' equipment type by housing type and Census Division.

HSYSSH. '
gg: lg':eg»b;’ B"(91)
NH20SH, B
TOIN,,
where, .
NHZOSHy,,g,,,,, : '_ is the market share of new water heater by general equipment

type,' housing type and Census Division. There are four general
equipment types for water heaters: natural gas, electric, distillate,
o and LPG. | |
’TOTN,,,, . .is the sum of-the base year market shares of general space
‘ heating equlpment types by housing type and Census Division,
- and ’ ‘ - \ .
HSYSSHR eg,,, ‘ ‘ is the base year market share of the general\space heating
g eqmpment type by housing type and Census Division. There are
.1 types of general equipment types for space heaters.

The folIow‘ing variables are.computed as in the equations inciicated:
7 OPCOST veskr *- - 18 the operating cost for the specific water heater equipment type
‘ . by housing type, Census Division, and year. It is computed as
in B-11 abeve. o o |
LFCY,,,,, o is the water heatcr’s life cycle cost by year, housing type and
S o Census Division. It is compiited as in B-12 above.
EQWTNM br : -~ s the equipment weight for new spec1ﬁc eqmpment by housmg
A ’ type, Census Division, and year.. It i is computed as in B-13
above. ‘ i ]
EQWYRy‘, esbr . is the equipment weight for replacement speciﬁc equipment by
housing t&pe, Census Division, and'year. It is computed as in

Energy Information Admmistratmn . - ;
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B-14 above.’
‘TOIEWTN eahr - is the sum of speeiﬁc eqnipment weights for the néw general
equipment type. It is computed as in B-15 above. '
TOTEWIR, . is the sum of specific'equipment weights for the new general
‘ equlpment type. Itis computed as in B- 16 above
'EQFSHRNM b is the fuel share of new specific eqmpment type by year, housing
‘ ‘ ) _type and Census D1v1s1on Itis computed as in B-17 above.
EQFSHRR, .., \- is the fuel share of replacement specific equipment type by year,

.housmg type and Census D1v151on It is’computed as in B-18

S _— _above: .-
NH20SHR,,,,, = NH2OSH,, , X EQFSHRN B9
. where, , s , - -
NHZOSH esbr s the market share of- new water heaters by spemﬁc equlpment

type, housmg type and Census D1v1s1on

. [ - - e

i E{%] o .
o : es yas
L - EQFSH >0
o WIWEFEN. y,cs,b,r . }
- b e . l -'_‘ .
L Vo ' | .7 —===— , Otherwise
N B '-r.. . : . : \‘ BASEFch . B ' »
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where,

'3

WTWEFFRy;g 2 = § EQFSHRI%, eshr

WIWEFFN,,,,,

” 1 ” EFFRy,eg,b,r ‘

' EQFSHRN,,.,.

EQFSHRR,,.,,

BASEFF,,

#

~

( ‘ B \
E EQFSHRR, .5,
[ »‘:,’b } '
- , EQFSHRR, ., >0

es

B-(94) |

1
———. , Otherwise
) BASEFF‘g ‘ -

is the weighted efﬁciency for new general water heating
equipment types by year, housiné type and Census. Division,
15 the welghted efﬁmency for replacement general water heatmg'

eqmpment types by year, housmg type-and Census Division,

© is the market share of new hot water heating equipment defined

by its efﬁmency w1thm a fuel category by bulldmg type and

. Censts Division, , : : R

. is the market share of replacemeﬁt hot water heating equiprhent ’
" defined by its efﬁc1ency w1thm a fuel category by building type
-.and Census Division, and.

is the efﬁ01ency of the general water heatmg equipment types

WADD (Water Heater Addmons and Replacements)

v'vhere, o
- . SOLADD,, -

: HSEADDy’ br

SOLADD HSEADD .vlnsle fmuy xSLSHR, cL Bt(95)

,.3 - s F2RN

L is the amount of new solar water heaters purchased for new

_ housing units by year and Census D1v1$1~on,

is the number of new housmg addmons in the year by housing

type and Census Division, and

Energy Informauon Administration -
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-where,

SLSHR,

"H20ADD

| HSEADD;,,,,

NHZOSH

egbr

egbr

'HWSR90‘

SLSR90,, =

' yyhere, o
SLSR90,,

- 'HWSR90

- HWRP90,,

egbr : ‘s

egbr

‘ SLRP'_90,,; R

y£8.hr

is the penetration level of solar water heaters in new Housing

units by Census Division.

H20ADD,,

Dyjesr = HSEADD,;, x NH20SH,

“negbr

B-(96)

-

+ is the amdunt_or: new general water heating equipment in new
~ 'housing"units by year, housing type and Census Division,
is the number of new housing add1t10ns in the year by housing
type and Census D1v1sron, and . .
is the market share for the hot water heatmg equlpment defined
" by fuel category for the bulldmg type and reglon
y-i \

HWRP90, cohr
r-1991

xSVRTEy,L L

x~‘y1

y- t,Lmr.me
t—1991

[SLRP90 X SVRTE, QHDR"‘] - | B-(9$)

R B

‘is the surv1v1ng post-1990 vmtage solar water heatmg equlpment

: m pre—1991 housmg umts by year and Census Division,

:",1s the surv1v1ng post-1990 vmtage general equipment in pre-1991

:housmg umts by year, housmg type and Census D1v1s1on .
:' is the replacement (post-1990 vmtage) solar water heatmg
"'eqmpment demanded in pre-1991 smgle farmly housmg units by
year and Census Division, . - . o ,
1s the replacement (post—1990 vmtage) equlpment demanded in

, pre-1991 housmg unlts by housmg type and ’Census Division,

- " Energy Informauon Admlmstratlon
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' SR VIE, 'y-t,Lmin, Lmax

is the equipment survival rate, and

HDR, is the housing survival rate by Building fype.
HWRP90,, , = HWES. y-19%0 5o
y.eg.b.r £ 195,05 *HDR, =~ HWESE, .1, - HWSRQOy eghr
SLRP90,, = SLESEm,xHDR"‘”” - SLESE,,-SLSR90,,  ~ B-(100)

where,
‘ HWRP90 hesir

HWESE,

'y,e8,b,r

SLSR90,,

HWSR90mb,d

SLRP90,,

- HDR,

|

7fI'he following variables are computed as iﬁ,the ecjyations indicated:

SAy eg,b,r

is the Iiumber of replacement units demanded in pre-1991

housing units by year, housing type and Census Division,

is surviving pre-1991 vintege equipment in pre-1991 housing
units by—yeer, ,houeing type and Census Division,

is the.survivirié post-1990 vintage eelar water heating equipment

in pre-1991 heusing “units by year and Census Division for

‘'single-family homes
is the surv1vmg post—1990 vintage general equ1pment in pre-1991

- . housing units by year, housing type and Census D1v1s1on,

is the replacement (post-1990 vintage) solar water heating

equlpment demanded i in pre-1991 housing units by Census

Division for single-family homes, and

is the housing survival rate.

is the amount of equipment demanded in post—1990 vintage

housing by hoﬁsing tyi)e and Census Division‘. It is computed as

" in B-30 above using H20ADD instead of HTRADD.

Energy Information Administration
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H20ADD,,,,, _is the amount of post-1991 water heaters by general equipment
types added, to new housing units by housing type and Census
Divisions. - _ , : ‘
‘ . ‘HZOSUIQ&&,,,, is the surviving post-1990 water heaters by general equipment
type in post-1990 housing units by year, housing type and
' Census D1v1s10n It is computed as 1n B-31 above usmg

H20ADD and HZOREP where appropnate

HZOREP swcs SAy wsps = H20SUR,.,,  B-(0D
-vvhere '
HZOREP ,_,g,,, ' " is the number of equrpment replacements of post-1990
equlpment in post-1990 housmg units by year, housing type and

Census D1v131on

The following variables are computed as in the equations indioateriz |

2

SA eg,,, S ‘., s the amount of solar water heaters demanded in post—1990
- vmtage housmg by housing type and Census Division. It is-
" computed as in-B-30 above using SOLADD instead of .
| HIRADD. . . = . L
‘ ::S'OLADDy,; L0 s the amount of new soiar water heaters purchased for new
4 / .,housmg units: by year and Census Division. . .
’ SOLSUR,;, o is the : surv1v1ng post—1990 solar water heaters in post—1990
H I housmg units by year,. housmg type and Census Division. It is
computed as in B-31 above using SOLADD and SOLREP where
\ appropriate. - '

Energy Informauon Admrmstrat:ron . . o
NEMS Residential Demand Module Documentatron Report o B-56 .

N



where,

SOLREP,,

SOLREP,, = SAy s gonts; - SOLSUR,, | B(102)

-

1s the amount of replacement units (post-1990 vintage)
demanded in post-1990 housing units by year and Census

Division,

{

. Energy Information Administration
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HWCNS (Hot Weter Heater Energy Consumption) ' T | -
If year < 1995, ‘ : |

1

(. : e )

WTWEFFN 'b cghr™
'BASEFF,,
, HWUECmgz,X 1+ = fWTWEFFN‘g’b, >0
WNUEC, ] !
b T : .. BASEFF_ -
g R A\ o " ' ’ HWUECM&,,, otherwise | \ )
' . ' .o ‘ “ ) ~‘ ' : _l : . B-(;lo/3)
.,Ifrthe_y'ear.z 1995, . E / . o : )
i - ' WTWE‘FIWy cabr™ e -
: . HWUEC, ” ,bePACTx 1+ < \if WIWEFFN. e ,>0
- WNUEC. 1
o ?,es.b R r RASEFT,
B ! \.A' HWUEC soh X EPACT - otherwise }
‘\‘ . " _-" . . S . . - B_(104)
v/ . -
'l_"Where, _ | |
g WWUEC egbr ’ . is the unit energy consumptlon for new equipment by year,
o '.housmg type and Census: D1v1$10n, |
- HWUEC regh :IS the unit energy consumptlon for the general equlpment type

) - by housing type and Census D1v1s1on, ’
- _‘f WTWEFFN egir. = is the welghted efﬁc1ency for new general water heatmg
S equlpment types by year housmg type and Census D1v1swn',
EPACT - ‘ . is the fraction by which the 'UEC must be adJusted to reflect
PR mandated Jow-flow shower head standards as part of the Energy
A'Pohcy Act of 1990, and | '

\
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BASEFF,,

is the efficiency of the general water heating equipment types.

. g A
( WTWEFFIQ eebr ™ T g
HWUEC, egpX| 1+ s If WTWEFF&%,,’)O
WRUEC eg . ‘
yegbd = HWEFF, "HWEFF.’
\
\ HWUECr eob ? other@e g
' : B-(105)
where,
Wil WEFFR s br is the weighted efficiency for replacement general water heating
equipment types by year, housing type and Census bivision
WRUEC, ., is the unit. energy consumpuon for replacement equlpment by
‘ _ year, housmg type and Census Division, and
HWUEC,,,_,&,, ) “ is the umt energy consumption for the g(,neral equlpment type
- by. housmg type and Census D1v1310n, and
HWEFFy e 7."1s the efﬁc1ency reunng eqmpment from ‘the 1990 stock by year.
If y = 1991,
: WTWEFFAy 22 .b - WTWEFFNJ,_1991 esbr B-(106)
If y>1991 and denominator SO
, : . (HWSR90 +Hzosm<, " ,)xWTWEFHL,_,A, 5
! +(HWRP90,,, +HZOADDym,,’+H20REPy s X WIWEFFN, o3, | B (107)
FFA’”‘" stxyom 5, *H20SUR, ., +HWRP, _,_ T
- +H20ADD,,,,, +320REPm b
Energy Information Administration ;
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1

'If y> 1991 and denominator <0, - - B

. WTWEFFA WTWEFFN - B-(108)
"where, | | » | )
WIWEFFA,,,,.  is the weighted average water heater efficiency by general '
’ equipment typ\e, housing type, Census Division, and year.
(- WNUEC,, . » ify~l991‘ Y
_ ‘ WNUEC, .5 » ;fHWRP9om'b,+H20REPmJ,,+H204DDM,,,+HWSR90mh+H20swgdh<o
. . K ‘, ‘(Hmy.q.brXWRUEny.bf) o
WAUEC,,W —~ (H204DD; ), + ’HZOREP”‘”)xWNUEC’R b | g
3 + (HWSR90, ., +H20SUR ,,)xWAUEC,_, prs
. @WRPH,,,, +H2OREP,, ,, +H20ADD, ,,, otherwise
R o +stmqg:bm*mm%x-b) I /] -
o - B-(109)
wheré , ) _ S
, WAUEC vieg.br ' is,ihe' average unit energy.consumption for water heaters by
o Do year, general equipment type, housing type and Census Division.
IE y =1991,- L L e
HWESE xHWUECr e
282 - |. CES, HHSIZE,
H20CON, , =Y. | |+ H20ADD, ., xWNUEC, , , |'x (L) [__________) 4
T +HWRP9om xWRUEC PRICES;; ;1) \HHSIZE g,
- B(10) .
Energy Information Administration o d
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"If y > 1991,

[ ( HWESE, , , xHWUEC, \

r.eg.b
s HzoADDm 5 XWNUEC

y28.b,r T N
+ HWRP90 eg,b;XWRUEC co.br ( PRICES, ) [ I'IHSIZEy )

' H20CON, . £ T
it Xb: +HWSR90, ., xWAUEC, .., | * | PRICES HHSIZE 4,

+H2OREP,, , xWNUEC, .
| |+m20sUR ’b,,xWAUEC

Sry-1

¥- l.eg,b,r) )
B-(111)

. \‘ - -
¢ ,

_where, ’

“H20CON,,, ~ is cohéuﬁpﬁqn for water heating by fuel and . .
HHSIZE, : . the number of people per household by year.

| ' SLESE, +SOLADD, , HESIZE, |
SLCON, , ——> | B-(12)

+SRLP90,, +SLSR90, .| x SLUEC, x[
+SOLREP, ,+SOLSUR,, HHSIZE o5

5
where,

SLCON,, is consumption for solar water heating,

. ) ’ Exiergy Information Administration- ;
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Cooking Equibment .

RDCKEQ (Project-Cooking Equipment Stock).

'CKSH,,,,
wisghs = qop % Diisosr

" CKESE, Vb vamé eg B-(113)
where, - b . ; L .
- CKESEJ@ ,_,&,,,,' " s the surv1v1ng old (pre-1991 vintage) cookmg equrpment in ‘old
L. IR (pre-1991) housing units by housing -type and Census Division, .
CKSI’-I,_,&,,,r ‘ . ‘ is the base year market share of the general cooking equrpment :
— L type by housing type and Census D1v1S1on and /
- EHyo00, s the ‘base year housing stock by housing type and Census

- Division..
I y.> 1990,

e B(114
x HDR}™™® v r,eé,b )

| CKESE CKESE 0t X SVRTE e

N f

- ~

where ' : T .- , ‘
CKESE eehr . ' s the surv1vmg old (pre~1991 vmtage) cooking equrpment in old
u o (pre-1991} housmg umts in the current year by housmg type and J
| B - .Census D1v1$1on, _ o
SVRTE 1990, ,,_m,m, 1s the equrpment survrval rate and ‘ -
HDR,, S - | is the, housmg surv1val rate. '

A Energy Informauon Administration Lo
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CKTEC (Choose Cooking Equipment)

‘ NHZOSHy cenr % 03, if eg=gas stoves
NCKSHy cabr = . NH20SH, s if eg=lpg stoves
NH20SH,,;, ,,+NHZOSH>, electricityh ,+(NH20SH nghr™ 37),zf eg elec stove
N B-(115)
where, S ,
. ' NCKSH. egbr is the.new. market share of general cookmg equ1pment in-the
, . current year by housing type and Censu< Division, and
NHZOSHJ, egbr “is the new market share of water heaters in the current year by
' B general equipment type, housmg type an‘d Census Division.
OPC’OSTy asr PRICES 5 X CKUEC ) | B-(I,IG) , '
" - where, ‘ _ , ) L
OPCOSTM br - is the current year pperaﬁng cost of the r;peciﬁc ceoking.
. ' _ - equipment type by heusing ‘type a\ndfCen:sus Division,
t PRJCESﬁny is the fuel price in the current year by Census Division, and .
CK'UEC,,;&,,' -is the unit.energy consumption for the general cooking
’ equipmen'f type by heusing ryﬁe and‘ Census Diirision"
LFCY veshr: 'is the current year cooking: equ1pment life cycle cost by year,
housmg type and Census Division as computed in B 12 above.
| NCKSHM? 59, for es=1,3,5 A =123 “Ra;peczivezy
. NCKSHR,,,, =
: - \NCKSH,,; x.1, for es=2,4,6 /\ eg 1,2,3, Re.spectzvely

B- (117)

* " Energy Information Administration -
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where,

B f;" NEMS Residential ‘Demand Module Documentation Report

NCKSHRm,b,, is the new market share of stoves by specific equipment type,
housing type and Census Division, and
NCKSH egbir is the new market share of general cooking equipment in the
current year by- housing type and Census Division.
a1 S U,
WZKEFF NCKSHRy cebr X pr +NCKSHRy eghr X B-(118)
es ] es+] .
.where, ' o |
‘ WTKEFF egbr is the weiglite& cooking. equipment efficiency in the current year
" ' by housing type and Census Division.
- SADD (Stove Addluons)
] COKADDy s ,b’, :HSEADD xNCK.S'Hy cobr B-(119) -
‘where, L _
COKADD eg,,, . isthe ‘new cooking equipment '(post‘-1990)‘ in new housing
-additions in the current year by housmg type and. Census
o o -Division, - ’ _
.HSEADD,»,,, ; " is the number of new housmg addmons in the year by housing
o .7 - type-and Census Division, and ” , ‘
NCKSH g W o f is the new market;share of general cooking equipment in the
.~ current year by nnusing type and Census Division.
S e B ) o
cxsnmm " .E [CKRPsao X sne:[Ey g X HDR) | . B-U120)
: £=1991 - - :
where, ¢

Energy Informauon Admmlstrauon o IR T
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’ CKSR90 st

CKRP90,,,,,

SVRTE, 10 e

HDR,
CIG@P90), cabr
‘ where,‘

CKRP90 st

CKESE

egbr ,

" CKSR90, .,

HDR,

The following variables are computed as in the e’quatioﬁs indi_cated:

‘ SAegb r

NEMS Residential Demand Module Documentation Report

CKESE

-is the surviving replacement equipment (post-1990 vintage) in

old (pre-1991 vintage) housing units in the current year by '
housing type and Census Division,

is the number of replacements (post-1990 vintage equipment) in
old (pre-1991 vintage) housing units by year, housing type and
Census Division, _

is the equipment survival rate, and

is-the housing survival rate by housing t@e.

B-(121)
~CKSR90

-1990 .
xHDR’ - CKESE, st

y=1990,e8,b,r 'Yeg,b,r

,

+ is the number of replaicement's (post4199()‘ vintage equipment) in

old (pre-1991 v1ntage) housmg units by year, honsing type and

- Census Division, \
is the surviving old (pre-1991 vint;a.ge) cooking equipment in old -
‘ (pre-1991) housmg units by housing typf and Census Division, -

is the surv1vmg replacement equipment (post~1990 vintage) in

old (pre-1991 vintage) housing units in the current year by

o housmg type and Census Division, and

is the housing survival rate by housing type.

;

‘is the amount of cooking equipment demanded in post-1990
vmtage housing by housing type and Census Division. It is
computed as in B-30 above using COKADD instead of .

Energy Infonnauon Administration
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N

RNUEG, 5=

COKADD

C OKS UR

" COKREP

where
COKREP

yegb,r

egbr

y.eg;b.r

egbr T

.. CKCNS (Cooking Consumption)

L

HTRADD.

" is-the new cooking equipment (post-1990) m new housing '

- additions in the ‘cnrrent year by housing type and Census

Division.

. , . . ’ . J ' -
_ is the surviving new (post-1990 vintage) cooking equipment in

“new (post—1990 vmtage) housing umts in the current year by

E housmg type and Census Division. It is computed as in B-31 | :
above using 'COKADD and COKREP where appropriate.

is the amount of replacement equ1pment in new (post-1990

'vmtage) housmg umts in the. current year by housing type and

- Census Division."

X ‘ Compy,eg.b.r SAeg.b,riCOKS'URug.b.r

.~ ~ M 7
: '"'r“,

Census D1v1s1on o

Energy Informalmn Admlmstrauon
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‘ : » W’IKEFF -1l
‘ < 4857 BASEFF,, | .
§ CKUEC ,,x 1+ : o ,_,'-.f 3\th7KEFF”g >0
) CKUEC sgp » Otherwise )

B-(122)

is the amount of replacement eqmpment in new (post—1990

- vmtage) housmg umts in the current year by housing type and

B-(123)
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where,
' KENUEC, ;.4

is the unit energy consumption for new cookmg equipment in the

current year by housmg type and Census Division,

S St o e i bt ey horbne il & ol ol D o o Ry s 1 oF o Sl o €4 et o A P i aianatirs o A N et A A P ey Vs ey -

CKUEC,eg » is the unit energy consumpt10n for general cooking equipment by
housing type and Census Division,
WIKEFF, ,, is the weighted cooking equipment efficiency in the current year
by housing type and Census Division, and ‘
BASEFF,, is the 1990 stock-average efficiency of the gencra'l_\ cooking o
) equipment type.
If y=1991,
KAUECy eg.br IQVUECy eabr B-(124)
. If y > 1991, -
- mszEcm o if denominator<0)
' ((CIG!PM b+ COKREP, ., ,+COKADD cobr) xKNUECy cobr|
KAUEC]M&,,, +(CKSR90, ., ,+COKSUR, eg07) XKAUEC, ;... . ,othem}ise T
"CKRP90, ,, b, *COKREP, ., . .
+COKADDy egny "CKSRIO, ., ‘ _ .
AL +CQKS_UI§”J,}_ : : K e J
L . B-(125)

Energy Informau’on: Adminis_tration _ R
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' CKESE xCK UEC,

- y.eg.br regh’ S ]
CKCONy - =y"| +COKADD, , ’b’,xKNUECmg s » if y=1991
. b +CKRP90y pors erNUEC
, CKESEy eg.b.r xCKUEC
. +COKADD xIGVUEC
+CIG€P90 xKNUEC
"CKCON.

Nir “D| +CRSRI0, oy xKAUEC, g | * ¥ 71991
- - | +cokreP,.., XKNUEC,..,|
| +coxsuRS, ,,,xmuzc

S : Energy Information Administration .
SR NEMS Re51dent1al Demand Module Documentanon Report
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Clothes Drying

RDDRYEQ (Project Existing Clothes Dryer Stock)

z)m'sma1 5

: B-(128)
100 -

DRYSAT
where, 7 / _
DRYSHR;,, is the market share without clothes dryers by housing type and Census
Division, and - - .
* DRYSAT,, =~ is the level of market penetration of clothes dryer equipment by

housing type and Census D1v1smn

DRYSHR,;,

DRYESE1990 egbr = X EH1990 br B-(129)

. where, . - ' : :
DRYESE,”M},,  isthe surviving old (pre-1991 vintage) equipment in pre-1991 -

housiljg units in the current year by ho{lsing type and Census

Division; : , )
DRYSHReg nr " is the market share of clothes dryefs by general equ_ipment type,
" housing type and Census Division,and ’, -
EH,m,;,,. 4 , is the base year housing stock by housing type and Cegsus Division.
o0 s .
DRYESEy ezhr DRYESE1990 eg.br XSRVIE, 1990, x HDR; | B-(130)

" where, A : » o

Energy Information Administration <
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DRYESEJ,,‘,&,,,,‘ is the. surv1v1ng old (pre-1991 vintage) equrpment in pre-1991
housing units 1n the current year by housmg type and Census
’ Division,
SRVTE 1990 Lminmas 18 the equipment survival rate, and

Y

. HDR, " " is.the housing survival rate.

- DRYTEC (Clothes Dryer Technology Choice) -

-~

The following ‘var,iables are c’oniputed as in the equations indicated:

OPCOST veshr s the operatmg cost of the spec1f1c clothes drymg equlpment type
T " o by housmg type and Census D1v1s1on It is computed as in B-11
' A above. o | . ,
LFCY, .., - . ' is the current year clothes dryer hfe cycle cost housmg type and -
SR s 'Census D1vrs1on It is computed as in B 12 above '

-

EQWT o e[ Bz*CPCOST +ﬁz*0PCOSTm,+Bs~*I—FCY,m] B-(131)
»ies, .rs L .

- . . . . . - . ~

,where, ) /~ o . _ .

Q heshr . ... 1S the equlpment welght for specrﬁc equrpment by housmg type,
S k.,Census D1v1s1on and year, and RN ,

‘ ‘CPCbiST% . | 1s the mstalled capltal cost: for the spec1ﬁc equrpment type m the

' 'rforecast year

mWTm, ;‘ BQWL., . B(13)
where,

.
N

. Energy InformatJon Admrmstrahon C : N
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TOTEWT,,

EQWT,,

e

w'hcre,,
NDRYSHR,,,,,.

“TOTEWT,, - ~ -
 EQwr,
DRYSHR

eg, br

WIDEFF, ,,;, =

NEMS Residential Demand Module Documentation Report

is the sum of specific equipment weights for the new general .
- equipment type, and

is the specific equipment weight for new equipment.

~ [

EQWT, B-(133)

veshr  DRISHRp,
TUTE WT, 100

yegbr

is the néw marke_t share of clothes dryer equipment types by housﬁlg‘
type and Census Division i 1n the current year, '

is the sum of specific. eqmpment welghL for the new general
equ1pment type, /

is the ‘specific equlpment weight for new. eqmpment,and -

is the market share of clothes dryers eqmpment ‘types by housmg

- type and Census Division. -

(- EQWTi gy | EQWTuw s, »,‘ \

;feg 1A EQ s Mgh,b,+EQWY;,w lowpr>0

' EQWT, s, Eqwrm,,”,,
EFF EFF,,

- BQWT s bigh, + EQWT,
;f eg 2 /\ EQ

l

b

B-(134)

2
gas lowhr

>0

whiéh.b.r""EQ 8«! lowbr™ /
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where,

WTDEFFM,,, is the weighted efficiency of clothes dryers equipment types in the

current year by housing type and Census Division, and
EQWT,, . is the specific equipment weight for new equipment.
DADD (Dryer AddlthIlS)
© RADD HSEADDy ,,,x[NDRysmg st igh*NDRYSHR 1 ,,,]xDRYSATb , if electric dryer
faadl HSEADD, ,,,x[NDRrsmgm ehs*NDRYSHR ., | xDRYSAT,, i gas dryer’
- ‘ r ’ B (135)
Cwhere, . L T | -
DRYADD,,,,,, ’is“ the arnount'of new (post-1990 vintage) equipment added in new
‘ housmg units in the current year by hOUSlng type and Census
s _ D1v1s1on, ) :
- «HSEADD),,,,,, . isthe number of new housmg addmons in the year by housmg type

]

| and Census Division, ,
NDRYSHR, ;- T s the new market share of clothes dryer equlpment types by housing

'type and Census Division in the current year, and

N

housmg type and Census D1v131on

- DRYSAT,, - . : is the level of market penetratlon of clothes dryer equ1pment by

~The '.following variable was computed as in the equation indicated: L

DRSR90 ,_,gb, R (- the-survivin'g 'post-1990 vintaée equiprnent in pre-1991 housing
ST \umts in the current year by housmg type and Census D1v151on It is
. | computed as in B-25 above usmg DRRP90 mstead of H’L‘RP90 |
DRRP90 esitir \. - isthe number\of replacement unites demanded in pre-1991 housing
umts each: year by housing type and Census Division.'

¥ -

S . Energy Informatlon Adnumslrauon . e
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.DRRP90, . ;.

where,
- DRRP90),

yegbr

DRSRY90,.,,. .

DRYESE 150,55,

HDR, -

DRYESEmo - <HDR}™ - DRYESE

V8 .b,r

DRSR90y 2abr

B-(136)

is the number of _replacemeni unites demanded in pre-1991 housing

units each year by housing type and Census Division,

is the surviving post-1990 viritage equipment in pre-1991 housing

units in the current year by housing type and Census Division, .

type and Census D1v131on,

is the housmg survn(al rate by housing type:

The following equations are computed as in thé equations indicated:

. SA

egbr

* DRYADD

yegbr

" DRYSUR,,, - -

is the amount of dryer equipment demandedt in post-1990 vintage

B-30 above using DRYADD mstead of HTRADD.

Division.

-

" is'the base year old _equipment in pre-1991 housmg units by housmg

¥

; housmg by housmg type and Census Division: It is computed as in

is the amount of new (post-1990 vmtage) equ1pment added in new

' housmg‘umts in the current year by housing type and Census

is the surviving 'ne'w’(post—l’Q% vintage) equipment in the current

year by housmg type and Census D1v1smn It i computed as in B-31

| above using DRYADD and DRYREP as appropnate

yeabr.

" DRYREP

demanded in new (post-1990 vmtage) housmg umts by housmg type

and Census D1v1smn

| Energvanfofmatien 'Administration
NEMS Residential Dem_and Module Documentation Report
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b RYREP yeghr = SAy cop, ~DRYSUR, 5 ‘ - B-(137)
where, /
DRYREP,,.,, is the number of replacement units (post-1990 vint'age) equipment

. demanded in new (post-1990 vmtage) housmg units by housing type

and Census Division.

. DRYCNS (Clot_hes Dryer Consumption) o

“ The following variable is computed as in the equation indicated:_

-

DNUEC wesis . is the unit energy consumptton for new equrpment by housing t’ype\
and Census Division. - It is computed as in B- 102 usmg DRYUEC
. and WTDEFF as approprlate ,
WTDEFF esbr 1s the welghted efficrency of clothes: dryers equlpment types in the
o - current year by housmg type and Census Drvrsron ,
BASEFF,_.gV , ‘ . " is the average efﬁc1ency of the general clothes drymg eqmpment
. oeead o o
DRYUECheg, b . is the unit energy consumptron for the genera] equrpment type by

housmg type and Census D1v1310n

( DRRP90 +DRmEP  eshrt

nnmnnm 4, *DRSR90, ., -

DRISUR 5,

+DRYADD, ;) xDNUEcm 5

DNUEC”@, o +

<0, for y-1991 Lo

DAUEC,, ‘ , otherwise
’g'b’ . (D y&e-b.r"'Dm yeg.br )
1T . (DRSR90, -

DRRPQO’HM

+DRYSUR, ., ) x DAUEC

y.cg.b.r .. |-
+DRSR90”8M+DRYSUI§M,,, ] : J

B-(}38) ,

y.oe.b.r

+DRYADD, agbr

+DRYREP, £z b

Energy Informauon Administration. ) S o
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2

DRYESE,,, xDRYUEC,,_,

DRYCONy o ; +DRYADDy engxDNUECy cebr| » I ¥y=1991 - B-(139)
+DRRP90y.eg,b,rXDN Ecy eg.br
DRYESE xDRYUEC, e ]
‘“’,’,’2’;’35,2 - onEC
+
yegbr | - B-(140)
DRYCONy,es,r ; + DRSR90 AUECm,b.r |
"'+DRYREPy eghr xDNUEC
+DRYSUI§ 22, ’b.rxDA C

y,q'.b.r ) -

7/
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Refrigeration

RDRFEQ (Project existing refrigerators)

RFESE gsqy, = EHigon, X{1+0) | B-(141)
where, ‘ . .
R RFESE1900s, is the amount of old (pre~1991) refngerators in old (pre-1991
’ vmtage) housmg umts in the base year by housmg type and. Census -
. Division,” u \ ‘ ‘
' EH,”,, br - s the amount of old (pre-1991) housmg umts 1n the base year by -
‘ - housing type and Census D1v1s1on, and _' '
RES;HRb,, L "is.the market share of housmg umts with a- second refngerator by.

housmg type and Census D1v1s1on

v -

The foﬂowing variable is computed as in the eduation indicated: -’

‘ RFESEM; ‘ is the surv1vmg old (pre-1991 vmtage) equlpment in old (pre-1991
N o vmtage) housmg units in the current year by housmg type and

- Census D1v1s1on It is computed as in equat10n B-10 above.

REFTEC (Refngerator Technology Chmce)

OPCOST PRICES

),CS,I' Glecﬂ'idty oy’ X UEC . B'(142) .

© where,
¥

o . Energy Information Administration N ,
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OPCOST, is the operating cost of the spec1ﬁc equipment type by housing type
and Census Division in the current year, ’
PRICES;, is the fuel price in the current year by Census Division, and |

UEC,, is the unit energy consumption by the specific refrigerator type.

The following variables are computed as in the equations indicated:

LFCY,, © s the life cycle cost for the specific type of equipment by Census
o ’ i Division. Tt is computed as in B-12 above.
. . EQWIN,,,, - is the equipment weight for new specific equipment by housing type
SR \ and Census Division. Tt is computed as in B-13 above. ‘
' EQW?R,& br is the equ1pment weight for replacement specific eqmpment by
: L . housing type and Census Division. It is computed as in B-14 above.
| élASR,, . isthe constant that fits the current maiket share to historical
T 4 _ shipment data. ‘\ \ . o ‘ " R
- TOTEWIN,, ‘ 1s the sum of the individual welghts for a=ach spec1ﬁc type of new
' L ‘ equlpment by housmg type and Census ])1v1$1on Itis computed as
in B- 15 above '

TOTEWTR,, s the sum of the md1v1dua1 welghts for cach spec:ﬁc type of

replacement equlpment by housing type and Census Division. It is -

computed as mB 16 above.

- .4

. NREFSHR ., —---——b-'- ,(1 :{msmz) B-(143)
2 o W

where,

: Energy Informauon Adm1mstrauon . v SR
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RREFSHIg ey = % (1 -TTDSHR) B-(144)
NREFSHR,,,, - is the new market share .for the‘speciﬁc equipment type in the
‘ - current year by hcusiné type and Census, Division, ,
RREFSHR.W br is the market share for the replacements of- specific equipment type -
| , - in the current yeai' by housing type and Census Division, and
TIDSHR L is thc share of s1de~by-31de refngerators with through—the—door

access feature

—

o,/

—

' WmEFFN

»hr

- . . - N R ’ ; i .
= Y [EFF,,xNREFSHR ,, | + (EFFTTD xTIDSHR) B-(145)
- es T . ) . - . ,I ‘ . )

“‘WIREFFR, = ¥ [EFF,xRREFSHR ., ] + (EFFTIDxTIDSHR) B-(146)

-

' P 3.
- where,

WYREFFN;,,,,," - is the we1ghted average efﬁclency of new refngerators by housmg
. \ type and Census D1v131on =
WTREFFR,_,,,, | is the welghted average efﬁ01ency of replacement refngerators by
NI " housing type and Census D1vrsron, '
: iEFF&, - :— 1s the efﬁcrency by spec1ﬁc refngerator types, T ‘ o s
| ~NREFSHR esbr ‘_v _is the new market share for thie spec1f1c equipment type in the

‘ current year by housmg type and Census Division, _
j RREFSHRW br y .. s the market: share for the replacements of spec1ﬁc equipment type ‘
S "~ _in the current year by housing type and Census D;vrslon, .
’ TIDSHR_ . © is the sharetof 'side-by-side r'efrigera'tors with through-the-door
o - access feature, and . o

!
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~ EFFTID is the efficiency of side-by-side refrigerators with through-the-door

access feature.

FADD (Addltlons to the Refngerator Stock)

ybhr
REFADD, 5, HSEADD,

, ’. »hr*

HSEADD x1.1 , if b=single family home B- (147)

otherwtse

" where,

: - : , j
REFADD,,, .is the amount of new (post{1990 vintage) refrigerators added in new
- S ' housing umts in the current year by houéing type and Census \
Division, and ' | ,
'HSEA’DD'y',,', ', s the number of new housmg units constructed in the current year

'by housmg type and Census D1v1s1on

. The following variables are computed as in the equations indicated:
. RFSR90,,, - ) is the‘surviving new (post-1990/vintage) equipment in old (pre-.1991 -
vmtage) housing units by housmg type and Census D1v1$1on Itis

.. - computed as in B-25 above usmg RFRPY0 instead of HTRP90.
RFRP90,,,. is the number of rcplacement (post-1990 vintage) equlpment in pre-
o ’ L 1991 housmg units in the current year by housmg type and Census

D1v131on

7

?

‘ L ‘ y-1990
RFRPS0,,, = RFESE, 00, < HDR} "7 - RFESE,

B-(148)
s RFSR90 (148)

where, - _ - o
RFESEy,,,!, ’ ‘f is the sur\}iv_ing old (pre-1991 vintage) equipment in old (pre-1991
. ‘ vintagé) housing units in the current year by housing _typé and’

Census Division, and

-~
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HDR, is the housing survival rate.

Y A
The following variables are computed as in the equations indicated:

SA,,, . 1s the amount of refrigerators demanded in new (post- 1\990 vintage)
' \ . housmg umts by housing type and Census D1v1s1on 1t is computed
' Casin B-30 above using REFADD instead of HTRADD
. | ~REFSUR»,,,,- ' s the amount of surviving new. (post-1990 vmtage) equipment in -. ‘
" -.new (post-1990 vmtage) housing units in the current year by housmg
. _ ‘ _ ) type and Census D1v1510n It is computed as in B-31 above usmg
\ - . : »REFADD and REFREP ‘as appropnate - 5

FREP,, -%};‘_REFSU&,,’, R B-(lrt?)
REFREP,,,,. : . " is the number of replacemen\ts:for the curfent year in new (post-

1>99.0'yin_tage)' ‘housing units by housing. type and Census Division.

" RFCNS (Refngerator Energy Consumptlon)

SR U wrRERRN, _BSEFF\ .
c RNUECy 5 " RFUEC,J;x(‘l 2br ] 150 -
‘ A U . BSEFF, ’

— RNUECM,;,,\ e 1s the effic1ency welghted umt energy consumptron for new - -

- refngerators in the current year by housmg type and Census

o L D1v1$10n, R ST ) (
RFUECn ,,: L -is the unit energy consumptlon for refngerators by housmg type and
L o | Census Dmsron, , R L Y '
WYREFFN;,,,, - .‘ ‘ 1s the market share we1ghted effi01ency of new refngerators in the
’ e T M Energy Informauon Admxmsuauon
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BSEFF

RRUEC,,

where,
RRUEC,;,

WIREFFR,,,

RFEFF,

. RAUECy,b,r =

where, -
RAUEC,,,

(¢

current year by housing type and Census Division,

is the 1990 stock-average efficiency of refrigerators.

WIREFFR , - RFEFF,

= RFUEC,,x| 1+

RFEFF,

B-(151)

is the efficiency weighted unit energy consumption for replacement. -

«refngerators in the current year by housmg type and Census

D1v1s10n,

is"the market share weighted efficiency of replacement " refrigerators

in the current year by housing type and Census Division, and

is the retiring efﬁ(éiency of the 1990 stock of refrigerators by year.

- RNUEC,,, ,

* RFRP90,, xRRUEC,,
(REFADD,,
(RFSR90, . +REFSUR, , ) % RAUEC

+REFREP ,)xRNUEC

©if y=1991 .

\

y.b.r

" - .RFRP90,, +RFSR90,,
\+REFADD, +REFREP

Y

s *REFSUR, )

—

y—l,b,rJ , if y>1991

)

\

B-(152)

is the average unit-energy consumption of refrigerators in the current

Energy Informauon Administration
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. \ y ‘ .
year by housing type and Census Division,

where, .. ‘
REFCON,,
. .RFESE,,,

-REFADD,

. Census D1v1310n,

 WIREFFN,,, , if y= 1991 or WIREFFN, 5 <0 )
o T (RFSR90,, +REFSUR , ,)xmeFFAy -
- WIREFFA,,, = +RFRPS),, +REFADDy - *REFREP, ; ,)xmeFFNy b )
| , ~ , Otherwise
1 +RFRP90, , +REFADD, , +REFREP,, )
* B-(153) '
’ lIf yéar: 1991,: | . \‘,
, RFESE xRFUEC J o
REFCON,, =Y +REFADD xRNUEC‘ (E’EES___ wdm_) B-(154)
- »r b | >\ erices, 4 .
' b +RFRP90 xRRUEC (N ety

“is consumpuon far refngerauon, _

| ‘1s the surv1v1ng old (pre-1991 vmtage) eqmpment in old (pre-1991

wntage) housmg umts in the current year by housing type and

.\,"‘ y . ~

A1s the amount of. new (post-1990 vmtage) refrigerators added in new

housmg umts m the current year by housmg type and Census

" IRFRPS0,,-

RRUECy,,, C

NEMS TResrdentlal Demand Module Documentauon Report

D1v151on, A o -
is the number of replacement (post-1990 vmtage) equ1pment in pre-

1991 housmg umts in the current year by housing type and Census

V.

. Division, -

is the eft}clenc')r weighted unit energy consumption for renlacement

Energy Informauon Admrmstrauon .
B-82
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L RNUECy‘b',.

RFUEC,,
. PRICES,,,

If year >1991,

REFCON, i

refﬁgerators in the cprrént year by housing type and Census

Division, and

is the efficiency weighted unit éhergy consumption for new

refrigerators in the current year by housing type and,Cénsus

Division.

is thc unit energy consumption for ‘refrig;erators by housing type énd

Census D1v151on,

is the fuel price in the current year by Census D1v1smn

=2\

b

[ ( REFESE,, xRFUEC,, )

+REFADD , xRNUEC, ,
+RFRP90, , xRRUEC,
+RFSR90,,, XRAUEC,

y.br y-1br
+REFREP xRNUEC

K+REFSUR, ,,,xRAUEc )

Energy Information Administration A
NEMS Residential Demand Module Documentation Report

( PRICES sycriciyry
"\ PRICES gt g1

)“ _.B-(1~55)

B-83



Freezers -

RDFZEQT (Project Existing Freezers Stock)

The following variables are,\computed as in the equations indicated:

FZESE g, br

. FZSHR,, ..

FZESE.'y.b,r

' ‘FRZTEC (Ereez_er Technology Choice)

f

: is the stock of upright freezers in the base year hy housing type and

Census Division. ‘It is'computed as in B-9 above. using FZSHR

) mstead of HTESE

is the share of housing units w1th upnght freezers .

.1s the surv1v1ng pre—1991 equipment in pre=1991 housing units in

current year by housing type and Census Division. . It is computed

' as in B-10 above using FZESE instead of HTESE. .

-

+ The fo]loyving variables are computedfas‘in the equations ‘indicated:

opcosrye,,
LFCY.

'EQWIN,,,,
' EQWIR,.,,

BIASR,;

is the operating cost ofvthe specific equipment type by housing type . .

and Census Division in the current year. It is compitted as in B-141 i

above. ... e -

is the life cycle cost for the specrﬁc type of equ1pment by Census

- ‘D1v1s1on Itis computed as in B-12 above

. . is the equ1pment ‘weight for new. spec1ﬁc equ1pment by housmg type i

and Census D1v151on It is computed as 1n B-13 above. '

is the equlpment welght for replacement spe01ﬁc equlpment by

" housmg type and Céensus D1v131on It is computed as in B-14 above

is the constant that fits the current market share to h1stor1ca1

Energy quormauon Administration -
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' TOTEWIN,,

TOTEWTR,

" where,

'RFRZSHR s

WYZEFFNy b

where,

NFRZS’HRW,,,'

shipment data.

is the sum of thé i’ndividual weights for each speciﬁc i:ype of new
equipment by housing type and Census Division. It is computed as
in B-15 above. S ‘

is the sum of the md1v1dual weights for zach spemﬁc type of

replacement equipment by housing type and Census Division. It is

"computed as in B-16 above.

NFRZSH&, = E_Q___._ eshr B-(156) -
#sb> . TOTEWIN, :
. . Ll hr N -
'ﬁFstz;rRy - BQWIRsy, ., B-(157)
“sbr  TOTEWIR,, .

s

- .is the new market share for the spemﬁc <qu1pment type in the
_ Current year by housmg type and Census Division,

' s thc market share for the replacements of specific equipmént type

in the current year-by housing type and Census Division.

Z[EFF XNFRZSHRy,,,,,,] x (1 UPSHR) * (EFFUPxUPSHR) B'(158)

N

. WIZEFFR ,, = Y" [EFF, xRFRZSHR, ., ]  (1-UPSHR) + (EFFUPxUPSHR) B-(159) -
. ’ - © o es . . - i . o ‘ .

Energy Informaﬁoti Administration
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NFRZS'HR

y.es,b,r

' RFRZS’HR

UPSHR
EFFUP

yesbr ’

AR

is the new market share for the specific equipment type in the

. current year by housing type and Census Division,

* is the market share for the replacements of specific equipment type -

in the current year by housing type and Census Division, -

"is the share of housing units with' upnght freezers,

is the efficiency level assocmted with upright freezers and

is the efﬁmency of the spemﬁc freezer

. ZADD (Additions to the Freezer Stock) .

<

N !
~

‘ Where, By
FRZADD,,,

'HSEADD,,;

FRZADVD; = HSEADD,, I;‘;’g ¥ " B-(160)

' isrthe amount of new (post-1990 yihtaée) equipment added in ‘new '
‘hdusing units in the year by housing type and Census Division,

' is the number of new housmg units constructed in the current year

by housmg type and Census Division, and

: is the market penetration level of freezers by housmg type and

Census Division.

“The. following 'yariables are computed as in the equations indicted: _'

- FZSR90,,,

FZRP90,,;,,

" is the surv1vmg new (post—1990 vmtage) equlpment in old (pre-1991
E ~vintage) housmg units by housmg ‘type and Census Division. Itis

* . computed as in B-25 above usmg FZRP90 1nstead of HTRP90.

-is the number of replacement (post- 1990 vmtage) equrpment in pre-

1991 housmg units in the current year by housing type and Census

D1v1sron,

Energy Informauon Administration
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FZRP0,, ‘= FZESE,s, ’b,xHDR’"I”O - FZESE,; %69 -FZSR90,,, . B-(161)

. The following variables are computed as in the equations indicated:

SA, ;. - is the amount of freezers demanded in new (post-1990 vintage)
| housing units by housing typ\e and Census Division. It is computed
as in B-30 above using FRZADD instead of HTRADD.
FRZADD,,, ] is the amount of new (post— 1990 vintage) equipment added in new
' ‘ ’/ housmg umts in-the year by housing type and Census: D1v1s1on
, f‘RZSURy,b,, - is the amount of surviving néw (post-1990 vintage) equ1pment in
| ' ‘new (post-‘1990 vintage) housing units in: the current year by’ housing
“type and Census Division It is. computedv as in B-31 above using
' FRZADD and FRZREP as appropnate ' N

FRZREPM,,,,'* is the niumber of replacements for the current year in new (post-

~

1990 vmtage) housmg units by housing lype and Census D1v1510n
i Itis computed as in.B-148 above using ]“ZRSUR mstead of
- REFSUR

FZCNS (Freezer Energy Consumptlon)
The followmg variables are computed as 1n the equations mdlcated
. FNUECy,,,,, R is the efﬁmency welghted unit energy consumption for new freezers
) " in the current year by housmg type ‘and Census Divisien It is
_ ‘ computed as in B 149 above usmg FZULC and WIZEFFN as

[ s " appropriate.. . /

FRUEC,,;, - isthe effic1eney \xz'eiénte_d unit energy consumption for replacement
freezers in the current year by housing type and Census Division. It
is 'comp'nted as in B-150 using FZUEC and WTZEFFR as
epprdpriate J

Energy Informauon Administration " (
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FZUECn b ‘is the unit energy consumptron for freezers by housmg type and
Census Division. , j L
WTZEFFN,,, e . is'the- market share weighted efﬁciency of new freezers in the
‘- current year by housing type and Census Division,
. WTZEFFRy,,,', ~-is the market‘ share weighted efﬁciéncy of replacemenr freezers in -
._ _ . the current year by housing type and Census Division, |
BSEFF’ is the base efﬁc1ency of freezers

S WIZEFFN,. 100, 5. if y=19910r WIZEFFA <0 516
. wizerra;, = | (ZSRSO 5 FRZSUR , YxWIZEFFA, ;. - |
. d +(FZRP90,, +FRZADD, , +FRZREP,, )xWIZEFFN,

ybr , if y>1991
: FZSR90 +FHSUR’J, ,+FZRP90»I,’+FRZADD +I'RZREP

where, R
WTZEFFA,,,r ‘ JS the market share werghted average efﬁcrency of freezers in the

current year by housmg type and Census D1v1s10n

— To. ' . . {

' FZRP% ,b,,xFRUEC |
|(FRZADD, , +FRZREP, J)xFNUEC : )
) (FZSR%0,, "\FRESUR,, )xFAUEC,,, | =  B-(163)

. FAUEC,, =
- . FZRP90,, +FZSRS0,, -
+FRZADD,, +FRZREP +FRZSUR/ ),

,r .

. Energy Informauon Admlmstranon . :
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FZESE,

5, xFZUEC, ,

’ ’ , PRICES, ol I .
FRZCONW =E +FRZADD, , ~XFNUEC .. x(_ﬂ&) , if y=1991

5 |-\ +FZRP0,, xFRUEC,, | \"™ a1

- B-(164)

l N\

[ FRZESE,, xFZUEC,, )
+FRZADD,,, xINUEC,,, ¢
— +FZRP90,, x PRICES,; ‘
FRZCON,, = ybr wbr x(——"‘ﬂi—) » if y>1991
S ; +FZSR90,, xFAUEC, ,, |"\ PRICES fririyy 1 vy '
aal f—FRZREPy'b,xFNUEC?,b;, :
| \+FI?ZSURyﬁ;xFAUECy_1 b1)
B-(165)
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o ‘ . Lighting
LTCNS (Lighting Consumption)
Fores=1,2,3

Mmmg 1ﬂ+MKTSHRy_m¢S‘MKTSH1g_1989,w

- - o ,zfy<zooo
MKTSHR ‘ ‘ !
HR},,“ 1‘.{KTSHRy 1 ,‘s-l-MKYSHIlE_ms o5 MK’ISHIg_m s otherwxse
’ . B-i66)
szFFm E(—'—EFIF—xMKTSngw), ores=123 . BAI6T)
es © R o E
. (NHy.b,r+EHy,b.r) - ‘ S o
: " LTCON = E e ( FFy»b:r BASEFF) ‘ P RICESckc Y
: b LTUECT ,b X 1 + , — X ’
_ | ey PRICESM syt
.‘ St o B-(168)
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Other Electric Appliances

APCNS (Electric Appliailce Consumption)

APCON,, =’zbj [( +EH,, \x EAUEC, ,x (1 +PENRAYE)’“99°] B-(169)

y.br y.byr,

where, ' .
APCON,, . is electric appliance cénsuinpﬁon, and

~ -

. PENRATE . is the penetration rate from RECS 87 and 90 annual growth rates.
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Secondary Space Heating

~

SHTCNS (Secondary Heating Consumption)

!

¥ [SHISHR,m,xE : ,b,xSHTUEC - xAHSHELLm,]
b

+EH.

Z{S{{'ISHR,meH 5

SHTCON ybr”

xSHTUEC ’beCSHELL ] if f=wood
yf.r ) .

T E[SHISHR,,x (N 8 ,,,,+EH 57) xSHZUEC,ﬂ, xACSHE’LLy f,] otherwise |
A T A

B-(170)

-
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Other Appliances

'APPCNS (Appliance Consumption)

~

APLCO yhr =,zb: [(NHy.b,; EHy,b.r) xAPP UECrf,b] ' B-(171) ,
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Fuel Consumption Totals
FUELCN (Fuel Consumption Totals)
The total residential energy éonsumption for the nation is computed by summing end use service

conéumptiog By fuel for each Census Division: . .

Natural Gas

* * HIRCON, —+H20CON _+CKCON, \
_ RSFLCN, © = DRYCONy e +COOLCNy . +smt:ozvy e +APLCONy sge B-172)
‘L e~ - 1000000 '
' Electricity
Hmcoar”,,m ,+c00LCN tarictgy FH20CON, oo
. " 4REFCON,..0. +CKCO]\Iy‘km; +DRYCONy leoricng
‘RSFLCN ~+smcoz\g,,¢m, +FRZCON, ey *LTCON, iy +APCONMM‘
”‘"‘”’“"” S . 7T 11000000 : T
S | > i
Distillate - .
B APLCON +Hmc0N ol :
s +HZOCON +SHTCON, sty B-(174) -
RSFLCNym,- :
1000000

’ , L s T S o T v
RN N P , .
h LPG - ) v S .- . . . ~
. . P . Lo D R - . N . .
. ] . E . R .o ' .
, .- - e - - -
- . . - .4 A - -0 -
- L . s v e

. N smcozv +APLCONy A .
’ - ‘ B-(175)
RSFLCNM HTRCONy m,mzocozvy m,+cxcoNy e, - B ,
b/ J‘ * ., . . : . :

-1000000
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Kerosene

| Coalyl | |
,/ . - - RSFLCIme'= SHZ’COO(ZJ(;[&)M
: Wd;d | |
e S s
lGeot;lenna_lf | - . -‘ |
FSFLCN%&W} ,mCOyMWLCNy —
ﬁationai T°W’ ’

Baan)  RSFLON, g s = 20 (RSFLcNm) |
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~ Emissions _

IRSEM (Em1ss10ns) ,

Emlss1ons are computed by applymg pollutant-specrfic emissions factors to final end-use
consumption, The pollutants modeled and the fuels to which the pollutants are attributable are
discussed earlier in this report in the Emrssmns Component drscuss1on of the module description.

Airborne em1ss1ons are reported by fuel and then by pollutant. Emlss1ons are, calculated as,

14

P |

L ) ' : EMFAC, , . . ‘ B-(181
L EMRSM ’RSFLCNW, T : (181)
‘where, " o :
) EIIMRSM,. ' is the level of emlss1ons by fuel, pollutant, -and forecast year,
RSFLCN,;, . ° » *'is the re31dent1al energy consumptron by fuel for each census
4 f o division, . e ' _
' 'EMFACI, ;o ’1s the emissions factor wluch g1ves a MMBtu to pounds ‘of pollutant
’ B B convers1on ratio: -
- The expression for emissions by pollutant is,
- RSF, LCN o
EMRSC,,, = ¥ |EMFAC, x—— | = B-(182)
where, . ~
EMRSC, p,'-. " is the emissions by pollutanit, Census Division and forecast year.
1\\: P o Energy Informauon Admlmstranon
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Appendix D: Model Abstract

Model Name:
NEMS Residential Sector Demand Module h .

Model Acronym:

None

Descrlptlon. | \
. The NEMS Residential Sector Demand Module is an mtegrated dynarmc modehng system
that,prOJects residential energy demand by service, fuel, and Census Division. The modeling
- methodology is based on accounting principles and 'considers important issues related to
consumer béhavio'r Housing and equipment stocks are tracked'over the forecast period for -
seven major services. The major services considered are space heating, space cooling, water
heatmg, cooking, clothes drymg, refngeratlon and freezers. A logit Euncuon is used to
estlmate market shares of each equrpment technology wrthm each major service based on
. erther the installed cap1tal and operating costs or the hfe-cycle cost. - Lighting choices are -
- modeled by assuming market shares for three -specific’ hghtmg technologles in specific -
| forecast years. Mlscellaneous apphance consumptlon is calculated as a function of Unit
' Energy Consumptlon (UEC), a measure of energy intensity developed from the Residential °
' 'Energy Consumptron Survey (RECS) data base.

Purpose of the Model’: '
As a component of the. NationalEnergy Modeling System, the Residentlal Sector Demand
Module generates mid-term forecasts of residential sector energy demand.-for the period 1990
through 2010. The model facﬂltates policy analysrs of energy markets, technological

development, and regulatory development - . -

S Energy Informauon Administration - .
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Most Receht Model Update:
November 1994.

Component of Another Modellng System: ;

The Residential Sector Demand Module is designed, executed, and mamtamed as part of the
~ National Energy Modeling System (NEMS) : ’
“Model Interfaces. '

~ The NEMS Residential Sector Demand Module recelves populatlon and housmg construction
‘mplft data from the NEMS Macroeconom;lc Act1v1ty Module (MAM) Outputs in the form of .
Aquantltles of fuel demanded in the residential- sector are prov1ded to the NEMS Integratmg
Module and the NEMS Supply Modules: Electricity Market Module, Petroleum Market

- - Module, and Natural Gas Supply Module.

| Office Medel Repr;esentat,iv'e;f‘

' John H. Cymbalsky | _
" Office of Integrated Analysis and Fdrecasting
Energy Demand Analysis Branch :
(202) 586-4815 : '

Documentatlon.‘

,Model Documentatzon Report Reszdentzal Sector Demand Model of the Natzonal Energy
Modelmg System, March 1993.

Archlve Media and Installatlon Manual . ,
At the time of this wrmng, the NEMS ‘Residential Secter Demand Module has not been

K}

archived. The module will be archived as part of the NEMS production runs ‘that generate the
Annual Energy Outlook 1995 (AE095) on IBM 3380 magnetic tape compatible with the EIA

- .Energy Informatlon ‘Administration ‘ , )
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IBM 3390 mainframe.

U.S. residential sector enefgy consumption.

| Energy System Described:

-

Scope of Coverage:

- “®

" Model Features:

ks N /

‘ Geographlc Nine Census Divisions: New England, Middle Atlantlc, East North

Central, West North Central, South Atlantic, East South Central, West South Centra.l

- Mountain, and Pacific .
"_I‘ime Unit/Frequency: Annual, 1990 through 2010 is the current mid-term horizon
, Products: Fuel consumption including: electricity, natural gas, dis!illate liqueﬁed

petroleum 8as, kerosene, geothermal wood, solar thermal, and coal Energy .

consumptlon per household Equlpment stock and efﬁclency

- Economic Sectors: Domeshc re51dent1al sector

Services: Space. heatmg, space COohng, water heatmg, ‘cooking, clothes drymg,

refngerauon, freezers, hghtmg, other electnc appliances, other appliances, and
secondary space heating. )

Housmg Types: Smgle-Famﬂy, Multlfamﬂy, and Mobile Homes

’ s

s

Model Structure: Sequential algorithm composed of housing and equipment stock

flow algonthms, technology choice algonthm housing shell ml:egnty algorithm, end-

_use consumpuon, and em1ss1ons calculations. .

Modeling Techmque Housing and equipment stock turnover are modeled uging hnear

decay functions. Market shares for each type of eqmpment choice are based on a logit

* function employing mstalled cap1ta1 costs and operatmg costs. Unit energy

. consumption estimates, fuel prices, and equipment inarket shares are user inputs that

drive the calculation of final end-usé‘conSumption.

. Energy Information Administration- ‘
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. Special Features: Technology'choice logit function has the ability to use installed

capital, and operating costs or life-cycle costs to determine new market shares.

'Non-DOE Input Sources:
~ American Home Appliance Manufacturers Association,
.o Shipment-weighted efficrency ratings for refngerators, freezers, and room air
D condmoners ‘ '

jU S: Bureau of the Census, "Current Constructron Reports -Series C25 Charactenstlcs of New .

'Housmg 1993," 1994.

* .‘New housmg and base"year'market shares for some services and equipment types. . |
. Gas Apphance Manufacturers Assoc1at10n, "Consumers’ Dlrectory for Certlﬁed Efficrency
Ratmgs " 1994 CT -

Lawrence Berkeley Laboratory, "The Potent1a1 for Electnc1ty Efﬁ01ency Improvements in the
U.S. Res1dent1al Sector," 1991

. Res1dent1a1 eqmpment techmcal charactenzatron data
;—- L Expected mmnnum and maxrmum appliance hfetlmes

. Expected hfet1mes of housing” types B

t The maJor data input sources are dmcussed n this Appendlx Appendlx C provrdes addmonal
brbhographlc crtatrons of data sources used in the Residential Sector Demand Module.

| DOE InputSources. — j o -

] U.S. Department of Energy, Energy Informatlon Admunstratlon Reszdentzal Energy ’
) Consumption Survey 1990.

. Base year market shares for serwces and equ1pment types

~ f
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. Ease year housing stock.

. " Unit energy consumption' values (UECs)

The major data inpnt sources are discussed in this Appendix. Appendix C provides additional -
bibliographic citations of data sources used in the Residential Sector Demand Module.
‘Computing Env_ironment: }
* - Hardware Used: IBM 3090. L e | L
( . .Operatlng System MVS | ' , ‘ .
| s . Language/Software Used VS FORTRAN Versmn 2.05 L - -
. , Memory Requirement: 3,000 - - ’
e ' Storage Requrrement Since the Residential Sector 'Dernand Module has not yet been
’ ‘archlved at the trme of tlus wnung, the number of tracks of an IBM 3380 disk pack
that are requlred are currently unknown This mformatron will be provided upon
completion of the archival process. '
" s - Estimated Run T1me 0.8 seconds CPU time per iteration . -
. ,Specml Features None '

'Independent Expert Hewews Conducted
"Independent expert reviews of the Reszdentzal Sector Component Deszgn Report May 28,1992
were conducted by Inderjlt Kundra, Office of Statistical Standards, Fred Joutz, Office of
Statistical Standards, Ronald D. Sands, Batelle Pacific Northwest Laboratory, James E.
~ McMahon, Lawrence Berkeley Laboratory, and Francrs X Johnson, Lawrence Berkeley
Laboratory. . ‘ L

;Status of Evaluatlon Efforts by Sponsor'

None.

-
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Appendix E: Data Quality

This Ap['Jendix discusses the quality of the survey data source from which the majority of the
historical housing stock, appliance stock, and technolbgy information that drives the NEMS
R631dent1a1 Sector Demand Module is drawn. This survey is the 1990 Residential Energy
Consumpuon Survey (RECS). Data quahty information pertment to addmonal sources used

. in the module developmgnt is not available for this report. The parameter estimates included
in the Residential Sector Demand Module are user-speciﬁed. A sensitivity analysis of the -
major Parameters is included in Appentiix F, Model Sensitivities.

4

Qualit{/ of Input Data

RECS Implementatlon ‘ - .

The RECS procedure is composed of two mstruments the household survey and the energy-
supplier survcy. Data. is coll_ectcg_i from a representative sa;np“le of households through
personal ihterviews. 7Biﬂing data is néxt collected through mail questionnaires from the ‘
enérgy supplier to the participating household, pr'ovidéd that authorization is obtained from
the household. The rehul_ts of .the houséhold and energy suppi_ier survsys are prcsehtéd in the
Department of Energy- documentation of the RECS 1990 survey'?. ‘

Stége I of RECS consists of a pérsonal intgfyie\tv. The sample for the-interviews is developed
based on all units occupied as'a.pri‘mary residence in the 50 states and the District of
Columbia, The sample design process is composed of five steps that disaggregate the

L
v

1 'U.S. Department of Energy, Energy Information Administration, Residential Energy .
Consumption Survey: Housing Charactensucs 1990, DOE/EIA—0314(90) Washmgton,
D. C May 1990. . :

"2 U.S. Department of Energy, Energy Informauon Administration, Residential Energy
- Consumption Survey: Household Energy Consumption and Expenditures, DOFJEIA-
0321(90), Washmgton, D.C, February 1993.

Energy Informauon Administration A ‘
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' geographic scope into hou'sing clusters of approximately S housing units to be surveyed.

The original REC_S_'1'990 sarnple consisted of 6,757 units. Out of these units, 848 yvere ‘
"+ determined ineligible due to current vacancy, seasonal occupancy, or inhabitability. Of
" remaining 6,607 units, 5,095 participated'in personal ihterviews and-267 responded to a mail

questionnaire, resulting in a 77.1% response rate.

The interview responses provide information on housing structure’ including insulation, doors,
wmdows, space cond1t10nmg systems, use of wood fuel, energy conservauon improvements,

' household apphances, household vehicles, recerpt of government assistance for the- cost of
‘space heatmg, and demograph1cs Householders were also askéd to srgn authonzatlon forms

to allow access to the1r bﬂhng records with energy supphers

- Stage lI of the surve)t design consists of a mail .questionnaire for energy suppliers of the

- ~ households mtemewed in Stage I. Supphers of re51dent1a1 electricity, natural gas, fuel oil,

; kerosene, and. hqulﬁed propane gas (LPG) are contacted in Stage . For the 1990 RECS,
_each: suppher was asked to supply billed quantmes and expend1tures for the households ‘
mtemewed in Stage I '

- ‘ . . B . . - C .

”

Data venﬁcauon begms w1th a manual venﬁcatlon of the mterv1ew data from Stage L The
kquestmnnan'es are checked for completeness and consistency. Interv1ew responses are
compared to energy suppher data and respondents are contacted in the event that an -

' mconsrstency persists. These data collectron and venﬁcauon procedures ensure the quahty of

the survey data.

) Energy Information Administration . »
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Appendix F: Model Sensitivities
Solution Methodology

 As the description in Sectlon 4, Modelﬂ Strueture‘, and Appendix B, Detailed Mathematical
Description, shows, the s‘olution methodology of _the NEMS Residential Module is a direct, one-
pass, computation of linear and non-linear syster.ns of equations to de{reilep the residential module
'outpu“ts such as quantity demanded by fuel type. Cousequently, conve:rgence within the NEMS
, Resldential Module is never an issue nor is it-relevant since the algorithm within the residential
module is not iterative. .,
| ‘The model requ1res no estimate of the current—year solution to compute the solution to the NEMS
' 'Re51dent1al Module since the' current year solution depends on only the values of the solution in
the prev10us year plus the current economic conditions and other i inputs from the rest of NEMS
Listed in descendmg order of model sensitivity (as will be shown below), variation in weather
pattems, equlpment efﬁc1enc1es, housmg starts and fuel pnces do influencé the residential module
equ1pment purchase decmons and total quanuty of fuel consumed. l"h1$ appendlx contains a
‘'series of sens1t1v1ty analyses for the purpose of illustrating the behavior of the res1dent1al module.
These sensitivities lllustrate. how the model responds to changes in key model inputs.

Although rigo‘rous» tests have net been performed to determine the maiimal meaningful values
' for the key model inputs, an indication of values for whieh the model has proven to be valid is
giveu by thos_e used in the sensitivity analﬁes. It must be stressed that care must be exercised .

in selecting input values so that the model produces meaningful results.

e .. “Energy Information Administration’ -
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Theoretical Considerations. |

Because of the direct (rather then 1terat1ve) solutron algonthm and because all of the functlons
in the NEMS Residential Module are conunuous and differentiable in the domain of applicability
‘of the model (that is, when rea)sonable and cons1stent mputs" are provrded into the model) the
model always produces a unique solutron Exrstence and convergence are not an issue. As
prevrously mentloned some ‘of the mputs to the model may be correlated (as in certain -
demographrc and macro-economlc mputs) and if mconsrstent pairs of such inputs or negative .
prrces are chosen then the model will  produce meamngless results. Th1s behavror, however, is- -
consistent W1th the well know reality in computer models of "garbage i in - garbage out". When
.the‘model istunin a stand-alone 'fashlon, the user must be certam that the inputs are consistent
- and credible. : L ‘ . o '
Ertamples of input assnrnpﬁons that 'V;s;‘ill‘cause, the mode_l to oroduce meaningless resulw*molude:
. ..severely altermg base year data, e. g doubhng the exrstmg 1990

‘ housmg stock,

. charactenzmg‘ unreahstrcally "super-efﬁcrent" technologres wrth .
\ ‘low acqulsmon costs and o L
o modrfymg prrces cons1derab1y in excess of vanatrons h1stor1ca11y experrenced

<

" . such as quadruplmg prrces in one year

AN - Energy Informauon Admrmstratron . N
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Sensitivity Analyses

To demonstrate the NEMS Residential Module’s behavior under a variety of situations, several
model runs were-made to test its sensitivity to altered values for key input variables. These runs
were then compared with the Reference Case forecast used for the AEQ 95. The sections below
descrrbe the six maJor mputs and outputs chosen for this exercise, as well as the results of the
analysrs in tabular and graphrcal form.

-

Input Variables L

~ The. six input varrables chosen for the sensrtrvrty analyses were selected based upon their

percelved unportance in producmg the AEO 95 forecast. The six variables and the magmtude .

of vanatron are grven below.

Electricity, natural gas, and distilldte pric’es Pnces for the three major residential fuels were
each increased by 25 percent over the1r values i in the AEO 95 Reference Case i m every year of
the forecast (1995 through 2010) Fuel prices affect the projected consumptlon levels in two

Ways F1rst, there is an 1mmed1ate "short-run response best thought of as 1mmed1ate behavioral

- changes. For example, hrgher heatmg fuel pnces ‘will result in lower th-=nnostat settrngs ‘These

near term behav10ra1 responses are captured through the model’s short-term pnce elasticities.

Over a longer mterval the - efﬁcrency level of both the burldmg shcll and the energy-using

’equrpment msrde the house will also vary m response to pnces For example when the

replacement of space heatmg equrpment is necessary, hrgher fuel prices Iead to greater efficrency

- for purchased equrpment and lower energy consumptron The longer—term equipment-related_

Tesponses w1ll alter fuel consumptron over an extended number of years in contrast to the

1mmed1ate short-run effects: Based on these two prrce-related respom.es (wh1ch operate in the

‘same dlrectron but over drfferent mtervals), it is expected that contmuc-d higher fuel prices wrll

lower fuel consumptlon and energy mtens1ty and that the effects will tend to increase over time.

- -
'
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_ Housing starts. Housing starts by Census Division and housing type (single-famny, r'nultifarnily,
and mobile homes) are the macroeconomrc variables which drive the NEMS Res1dent1al Model.
‘For.each Census D1vrsron and housmg type, starts were increased by 10 percent every year,
relative to the AEO 95 Reference Case beginning in 1995 Logrcally, these variables represent
household formation and are consrstent with a scenario with implicitly higher population growth.
New residential constructron embod1es new techmques and technologres and tends to be more
efﬁment than the average ex13t1ng stock Thus, it is expected that increasing housmg starts will

mcrease overall energy consumpuon butata rate which is less than proportional. Thus energy

T consumpt:ron per household (energy mtensrty) w111 declme for this model run.

c . 4

"t Equzpment eﬁ‘iczenczes Ihe efﬁcrency of new equlpment entermg the stock plays a central role

) ‘, in determmmg the average level of energy mtensrty for the resrdentral sector. For this sens1t1v1ty
| ana1y51s, every equipment effic1ency represented in the model was increased 10 percent relatrve
“to the AEO 95 Reference Case begmmng in 1995 It is expected that higher -equipment

,efﬁcrencres wﬂl cause both energy consumptron and energy mtensrty to decline. It is further
expected that the declme in consumptron and’ mtensrty will ‘deviate further from the Reference

"~ - Case over t1me as equrpment purchases make up larger and larger shares of total equrpment

Weather Weather also’ has a srgmﬁcant effect on resrdentral energy consumptron, since the
"»- maJonty of the energy use m the sector is for space heatmg and cooling. The Unit Energy
Consumptron (UEC) estrmates are defmed as energy consumptlon per household for specific

equrpment and end-use categones (examples inclide gas forced air space heatmg, electnc air

: condrtromng, electrrc res1stance space heatmg and gas water heatmg) The UECs are estrmated,

from the Energy Informatlon Admlmstratlon S. Resrdentral Energy Consumptron Survey 1990.

'I'hese UEC estlmates reﬂect the weather condmons -of the 1990 survey 'year wh1ch happened to
be abnormally warm To account for weather-related effects on energy consumptron the forecast

o UEC values are adJusted from their base year values based on actual weather in. 1991 through

' »,1994 and for * normal" weather reﬂectrve of long-terrn climatic conditions for all other forecast

years. Dependmg on the fuel the heatmg UEC values are adjusted upward by varymg amounts ‘

R Energy Informauon Admrmstrauon -
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to account for the extremely warm winter during the survey year. For this sensitivity analysis,
no weather adjustments were made. It is expected that energy consumption and intensity will
fall relative to the AEO 95 Reference Case, since this scenario embodies a forecast of warmer-

than-normal winters.

Output Variables
For each input selected, six outputs were chosen to test their sensitivities to these inputs. The

six outputs chosen are:

. the quantity demanded of electricity,
o the quantiiy demanded of natural gas,
. the quantity demanded of distillate oil,
e the quantity demand for all fuels in total,
*  the numbét of occupied households (relevant only to increased housing starts
case), and . »
. the Space heating intensity in million Btu per household per year.

Tables F-1 ihrough F-3 show the relatiénship between the inputs and outputs for the yeérs 2000
and 2010. Table F-1 summarizes the absolute change of each output relative to the AEO 95
Reference Case with scpérate panels for 2000 and 2010. Similarly, Table F-2 shows the percent
change of each output relative to the AEO 95 Reference Case. Table F-3 provides the elasticities
(the percent change of the output divided by the percent change of the input) of the selected
output variables with respect to the selected input variables. Following the tables, a series of six
figures display the elasticities of selected output variables as a time series for each of the six
input variable scenarios, respectively. Finally, the summary and conélusions section discusses

 the results presented in the tables and figures. - -

. . Energy Information Administration
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Table F-1.
Input/Output Matrix—-Change in Quantity Year 2000 .
INPUTS OUTPUTS
(qBtu)
Distillate | Natural | Electricity Total Households Heating Intensity
Gas Consumption | (Million Units) | (Million Btu/hh)
Qmm:.m»m Price (25% Increase) 0.06 0.03 0 -0.06 "N/A 059
Natural Gas Price (25% Increase) 0.01 -0.26 -0.01 -0.25 N/A - 233
* Electricity Price (25% Increase) 0 0.03 -0.06 0.04. N/A 012
Housing Starts (10% Increase) 0 0.02 0.03 0.06 0.97 027
Equipment Efficiency (10% Increase) -0.02 .15 -0.09 0.28 N/A -1.36
‘'Weather Normalization Factor (None) -0.10 046 0.03 Q.72 N/ > -7.31
Input/Output Matrix-Absolute Change in Quantity Year 2010
INPUTS OUTPUTS
(qBtu)
Distillate | Natural | Electricity Total Households | Heating Intensity
Gas Consumption | (Million Units) | (Million Btu/hh)
Distillate Price (25% Increase) -0.09 0.06 0 -0.07 N/A 0.70
Natural Gas Price (25% Increase) 0.03 0.35 001 0.30 N/A -2.61
Electricity Price (25% Increase) 0.00 .o.o,m .o.ou 0.03 N/A -0.03
Housing Starts (10% Increase) 0.02 0.07 0.09 0.20 248 .26
Equipment Efficiency (10% Increase) - -0.04 -0.33 017 057 - N/A 265
Weather Normalization Factor (None) -0.08 -0.45 -0.03 .68 N/A 6.42
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Table F-2.

Input/Qutput Matrix--Percent Change Year 2000

INPUTS OUTPUTS
Distillate | Natural m_mwﬁnmaw Total Households | Heating
Gas Consumption Intensity
Distillate Price (25% Increase) 7.98% 0.62% 0 -0.59% N/A -1.03%
Natural Gas Price (25% ?num.,mmmv 1.55% -5.03% 0.27% -2.32% N/A -411%
Electricity Price (25% Hznnmmmmv 0.03 0.55% -1.77% -0.35% N/A -0.20%
.Eocmmbm Starts (10% Increase) 0.52 0.44% 0.87% . 0.60% 0.95% 0.47%
Equipment Efficiency (10% Increase) -2.70% -2.8%% -2.62% .n.mo$ N/A -2.40%
Weather Normalization Factor (None) -12.13% 8.92% -0.84% -6.69% N/A -12.89%
Input/Output Matrix—-Percent Change Year 2010
INPUTS OUTPUTS
Distillate | Natural | Electricity Total  Households | Heating'
) Gas o Consumption , Intensity
Distillate Price (25% Increase) -12.59% H.wmo\o 0 -0.59% N/A -1.38%
meb.m_ Gas Price (25% Increase) 4.57% -6.85% 0.13% -2.73% N/A -5.16%
Electricity Price (25% Increase) 0.07% - 0.97% -1.86% - 0.24% N/A -0.06%
Housing mmmnm (10% Increase) 2.43% 1.40% 2.26% - 1.80% 2.24% -0.52%
Equipment Efficiency (10% Increase) -555% | -641% -4.30% -5.18% N/A -5.24%
Weather Normalization Factor (None) -10.97% -8.75% 0.67% £.20% N/A -12.69%

F-7
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Table F-3.

Input/Output Matrix—Elasticities Year 2000
INPUTS OUTPUTS

Distillate | Natural | Electricity Total Households | Heating

Gas Consumption Intensity

Distillate Price (25% Increase) -0.32 0.02 . 0 0.02 N/A -0.04
Natural Gas Price (25% Increase) 0.06 020 -0.01 -0.09 N/A -0.16
Electricity Price (25% Increase) 0 0.02 007 0.01 N/A 0.01
Housing Starts (10% Increase) 0.05 0.04 0.09 0.06 - 0.09 005 -
Equipment Efficiency (10% Increase) 0.27 -0.29 -0.26 0.26 N/A -0.24
Weather Normalization Factor (None) -0.87 064 -0.06 048 N/A -0.92
Input/Output Matrix—Elasticities Year 2010
INPUTS OUTPUTS

._umm.&_mﬁm Natural | Electricity Total Households | Heating

Gas Consumption Intensity

Distillate Price (25% Increase) -0.50 0.05 0 -0.03 N/A 0.06
Natural Gas Price (25% Inrease) 0.18 0.27 0.01 0.11 N/A 0.21
Electricity Price (25% Increase) 0 0.04 -0.07 0.01 N/A 0
Housing Starts (10% Increase) 0.24 0.14 0.23 0.18 0.22 0.05
Equipment Efficiency (10% Increase) -0.55 064 043 052 " N/A 052
Weather Normalization Factor (None) .78 0.63 -0.05 044 N/A 091
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Residential Model Sensitivity

25 Percent Higher Distillate Prices Relative to AEO 95
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Residential Model Sensitivity
25 Percent Higher Natural Gas Prices Relative to AEO 95

Percent Change in Output / Percent Change in Input
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Residential Model Sensitivity

25 Percent Higher Electricity Prices Relative to AEO 94

' Figure F-3,
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Residential Model Sensitivity

Figire F-4.

10 Percent Increse in Housing Starts Relative to AEO 95
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Residential Model Sensitivity |
10 Percent Increase in New Equipment Efficiency Relative to AEO 95

F-13

Figure F-5.
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Residential Model Sensitivity
No Weather Normalization Factors

Percent Change in Output / Percent Change in Input
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~ Summary and Conclusions

7

Price Respons:veness
As shown on Table F-3, the NEMS Res1dent1al Module exhibits major fuel own-price elasticities

for 2010 in the range of -0.07 (electricity) to -0.50 (distillate). Figures F-1 through F-3 further

demonstrate that major.fuel price elasticities generally increase over time, reflecting increasing
shares of relatively more efﬁcient end-use equipment. Intuitively speaking,. electricity demand
is expected to exhibit a smaller price elasticity than the -other major fuels. This is because the
‘use of electricity is spread across many ¢ énd uses which are less directly controllable than is space
~ heatmg, wh1ch is readlly adjusted via the thermostat setting. Since distillate and natural gas use,
are dommated by space heatmg, their pnce elast101t1es are expected to lJe somewhat greater than
those‘for electricity. \

Respons:veness to Altered Housmg Starts :

As shown in F1gure F-4, mcreased housmg starts result in the expected dechne in heating
- intensity. This is because new Homes-on average use less energy per unit for space heating than

older homes-because of increased shell efficiency. Thus, as the forecast for housing starts is

adjusted upward (downward), sectoral energy /intensity will decline (increase). In this scenario, :

a'l0 percent mcrease in housmg starts between 1995 and 2010 resulL. ina0. 5 percent decline
in space heatmg intensity relative to the AEO 95 Reference Case -- total energy consumptlon in
2010 is 1.8 percent higher whﬂe total househo_lds are 2.2 percent higher. -
Respons:veness to Altered Equ:pment Efflc:ency ‘ -
In terms of total energy consumptlon the model 1s most sensitive to equlpment efﬁc1ency This

is because over the 20-year forecast- honzon a substantlal amount of “residential eqmpment will

_be replaced For example, roughly two thlrds of a]l furnace equ1pment and all of the existing

heat pumps and a1r condmonmg equlpment wﬂl be replaced along w1th all existing water heaters
and refngerators Nearly all replacements occur at. higher efficiency levels SO that over time the

assumed 10 percent increase in new equlpment efﬁc1enc1es will have greater and greater effects

Energy Informatlon ‘Administration

NEMS Resrdennal Demand Module Documentatlcn Report . B-15



on energy consumption levels. ‘ This contmuously 1ncreasmg reductlon in total energy
consumption is clearly demonstrated i in F1gure F-5. By the year 2010, total energy consumption
is 5.2 percent lower that the AEO 95 Reference Case as ,shown in Table F-2.

'Weather Sensitivity - . o

Because of the dommance of space heatmg for natural gas and drstrllate these fuéls are more )
responsrve to weather conditions than is electnc1ty Space heating mtensrty is most sensitive t0 .
weather changes and least sensmve to electricity prices, since electricity represents only’a small |
percentage of total space heatmg consumptlon For the year 2010 the effects of warmer weather'
- would result in a 6:2 percent reductlon in total energy consumptlon and an 12.7 percent reductron

in space heatlng mtens1ty
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