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Update Information

This is the fourth edition of the Model Decumentation Report: Residential Sector Demand
Module of the National Energy Modeling System (NEMS). It reflects changes made to the
module over the past year for the Annual Energy Outlook 1998. Since last year, several
new end-use services were added to the module, including:  Clothes washers,

dishwashers, furnace fans, color televisions, and personal computers. Also, as with all
NEMS modules, the forecast horizon has been extended to the year 2020.

Two new columns were added to the.detailed technology database. One column relates
the water heating energy savings associated with the use of more efficient clothes
washers and dishwashers and the other specifies the use of furnace fans with central
space conditioning systems.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed hercin do not necessarily state or
reflect those of the United States Government or any agency thereof.
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1. Introduction o

' Rurpose of this. Report S S | S

This report documents the objectlves analytrcal approach and development of the
National Energy Modellng System (NEMS). Residential Sector Demand Module. The
report catalogues and descrrbes the model assumptions, computatronal methodology,

' parameter estlmatron techniques, and FORTRAN source code

This document serves three purposes. First, it is a reference document that provrdes a'
detailed description for energy analysts, other usérs, and the publrc Second this report |

meets the legal requrrement of-the Energy Information Admrnrstrat_ron (ElA) to provide -

adequate documentation in support of its statistical and 'forecast reports according to-
' Publlc Law 93-275, sectron 57(b)(1) Third, it facrlrtates contlnulty in model development
by provrdrng documentatton from which energy analysts can underiake model
' enhancements data updates and parameter refmements .

'Model. Summ'ary

The NEMS Residential Sector Demand Module is currently used for mid,-temt forecasting '

pufpdses and energy policy analysis over the forecast‘hori'zo'n of 1993 through 2020. The
' model generates forecasts of energy demand -which is used interchangeably wrth the
concept of energy consumptron in this document for the residential sector by servrce
fuel, and Census Drvrsron The polrcy rmpacts that result from ‘the introduction of new
technologies, market incentives, and regulatory changes can -be estrmated usrng the '
module, by the user who defines altematrve mput and parameter assumptrons

The Residential Sector Demand Module uses inputs from the NEMS system to generate
outputs needed in the NEMS integration process. The inputs required by the Besidential

/
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" Archival Media

Sector Demand Module from the NEMS system ‘include energy prrces and -
'macroeconomrc lndrcators These mputs are used by the. module to generate energy
) consumptron by fuel type and Census Drvrsron in the residential sector.. The NEMS-'
system uses these forecasts to compute equrllbnum energy pnces and quantmes '

The Resrdentral Sector Demand Module rs an anaiysls tool to address current and.
‘proposed legislation, private sector lnltratlves and technologxcal developments that affect g :

~ the residential sector. Examples of pollcy analyses include assessmg the potentlal
lmpacts of the followrng ' '

- New end-use technologres (such as natural gas heat pumps)
. Changes in fuel pnces due to tax polrcres

: Changes in equrpment energy effxmency standards
.. Financial lncentlves for energy efficiency mvestments

R Fnancral mcentrves for renewable energy mvestments

The Ftesrdentlal Sector Demand Module has been archlved as part of the NEMS

production runs that generate the Annual Energy Outiook 1998 (AEOQ8) on the EIA IBM - :

- RS-6000 workstatlon The archive tape is' a Verbatrm 8mm-DL 112M data’ cartndge
- serial number 1046G112, under the name file1: T

' Model Contact - \'

- John H. Cymbalsky , _

Office -of lntegrated Analysrs and Forecastlng
Energy Demand Analysis Branch '

Phone: (202) 586 - 4815

: . Energy Information Admmlstratron
2. ‘ o NEMS Residential Demand Module Documentahon Report



NEMS Recrdentral Sector. Demand Module Structwe

" The resrdentral sector encompasses resrdentlal housmg umts classmed as smgle-famrly,
multrfamrly, and moblle homes. Energy consumed in residential buildings is the sum of
- energy requrred to provrde specn‘rc energy servrces that. use selected technologies

according to energy efﬁcrency levels of building structures The Resrdentlal Sector -
. Demand Module prorects energy démand followmg a sequence of frve steps. The first

. "step is to forecast housrng stock The second step is to select specrf o] technologles to
. meet the demand for each energy service. The thlrd step is to forecast appllance stocks.
The fourth step is to forecast changes in burldmg shell lntegnty The fifth step is to
calculate the energy consumed by the equrpment chosen to mekt the demand for energy

servrces | ‘ B

Housing Stock Component .

The Housrng Stock Component forecasts numbers of occupred households by housrng .
“type and Census DlVlSlon Forecasted housing starts are lnput from the NEMS'.

. Macroeconomrc Actlvrty Module (MAM). The housing stockis assumed to retlre based on-

set proportlons consistent with available housing ‘demolition- data. The housmg stock '

retlrement.assumptrons are 'presented in the Fundamental Assumptlon_s sectron of thlS‘
report. ' '

Technology Choroe Component ,
.. The Technology Chorce Component srmulates the behavior of resrdentlal consumers
based on the relative importance of life-cycle costs, capital costs, and- _operatlng costs of_
" competing technologies within a service. ’New' 'and replacement equipment decisions -
reflect additional factors beyond the tradrtlonal life-cycle cost methodology, including main "
'space heating fuel choice and prevrous equrpment chorces The -Technology Chorce
,Component allocates end-use services based upon a defi ned equrpment menu of the'
various technologres and fuels that compete in the market. The Technology. Chorce
Component also estabhshes the criteria upon which consumers.base equipment choices.
Appliance ‘Stock Component.
Energy Information Administration
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The.Appliance Stock Component forecasts the. number of appliances required by each
end-use servrce A piecewise Ilnear decay functron retires equrpment based on mrnrmum'

'and maximum Irfe expectancres The Applrance Stock Component tracks each type of -

: ‘equrpment purchased for new households and replacement units. -

~ Shell Integrity Component ' _ ‘
The Residential Sector Demand Module monrtors the changes ln burldmg shell integrity
for the space condrtromng services. The Shell Integrity Component computes an lndex '
. that lncorporates rncreases in exlstmg burldrng shell efficiency based upon responses to
" fuel prrce changes from the base year Burldrng shell -efficiency in new and existing
' ‘housrng isassumedto lmprove over the forecast penod because of strrcter building codes’

. and other efflcrency programs

L COnsumptton and Unit Energy Consumptlon Component .
The Consumptron -and Unit Energy Consumptron Component tracks the composrtron of
resrdentral energy use over trme as technologlcal advances in residential equrpment are.
) mtroduced to the market. The component lncludes pnce elastrcrtres that allow the user to
specrfy consumer responses to changes in real fuel prrces Unit Energy Consumptlon
{UEC) values are adjusted accordlng to heatrng and coolxng degree-day factors and
; household size. :
: i u . , ,
Anew concept called the “rebound effect” accounts for the fact that’ lncreasrng equrpment
effrcrency for a particular equipment class causes a correspondrng change (normally,
decrease) in the pnce elastlclty for the class '

“‘Reportorg_anization - B | N

: Chapter 2-of thrs report dnscusses the purpose of the Resrdentral Sector Demand Module |
with specific detarls onthe objectlves pnmary inputs and outputs, and relationship of the
module to other modules of the NEMS system. Chapter 3 descnbes the ratronale behrnd '
the design, fundamental assumptrons regarding consumer behavior, module structure,

L o Energy Information Admmrstratlon
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and alternative modelirrg ao‘proaches{ Chapter 4 reviews the key combutations and.data
flows.. / ' B o ' |

Appendlces to thrs report document the varrables and equatlons contamed in the
FORTRAN source code Appendlx ‘A catalogues the input data used (o] generate'
estimates and: forecasts in list and cross-tabular. formats. Appendix B provides support
- to the, mathematical representation of the source code eouation_s proyideo in Chapter 4 |
of the mairr"'text Appendix' C is a bibliography of reference rttaterials'used in the
development process Appendix D consists of a model abstract Appendrx E discusses
. the.data quality issues. The mathematlcal propertres of the solutron algonthms will be
presented in a separate volume to this report.

Energy Information Administration . o
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2. Model Purpose

: Module'Objectlves -

The NEMS Resrdentral Sector Demand Module holds three fundamental ob;ectrves First, -

| the miodule generates drsaggregated forecasts of energy demand rn the resrdentral sector '
for the penod of 1993 through 2020 by housrng and fuel type Census Drvrsron and end-
use servrce Second, it is a policy analysis tool that can- assess the |mpacts of changes
in- energy markets, building ‘and equrpment technologres and regulatory initiatives that
- affect the resrdentlal sector. Third, as an rntegral component of the NEMS ‘system, it
: provrdes rnputs to the Electncrty Market Module, Natural Gas Supply Module and ‘
: .Petroleum Market Module of NEMS, contrrbutlng to the calculation of the overall energy
supply and demand balance. ' '

4

o The Resrdentral Sector Demand Module pro;ects resrdentral sector energy demands in
five sequential steps. “These steps ‘produce lnformatron on housing stocks, technology.
: chorces applrance stocks, burldrng shell rntegnty and energy consumption. The module
© uses a stock-vintaging approach that allows the user to monitor’ equrpment stock and .
\"equrpment eﬁrcrency over trme

- The module desrgn allows the user to conduct a vanety of polrcy analyses Technologrcal

' ,advancement in ‘equipment desrgn and effrcrency, as well as trrst-cost rncentrve programs,
are representable at the equrpment level. Housing stock attrrtron and equrpment '
' retlrement assumptrons can be modified to model the accelerated decay of less~eff|crent |

- - energy-using equipment. Burldrng shell characteristics can be modrtred to model polrcy

optrons including updates to burldlng codes and market penetratron of energy-efr icient

-,

mortgages.

Forecasted residential fuel demands generated by the Residential Sector Demand Module .'
are used by the 'NE»MS system in the calculation of the demand and.sUp'ply equilibrium

i - " Energy Information Admmrstratlon
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state. In addition, the NEMS supply moduleS'refetenoed pre\}iously use the residential
‘'sector outputs to determnne the patterns of consumptlon and the resulttng amounts of
- energy delivered to the residential sector.

. Module Input and O_ut'put o

Inputs S | : ol o b
The pnmary module inputs include fuel prices, hausing stock charactenstlcs, housmg
starts populatlon and technology characteristics. The technology characteristics used in

the module include installed capital costs, equipment effi iciency, and expected equipment
_lifetimes. The major inputs by module component are as follows: - ' '

Hotising Stock‘Component
- Housing starts '_
Exlstlng housmg stock for 1993
Housmg stock attrmon rates
Housing floor aréa trends (new and exlstmg)

' Teohnology Choice Comoonent
" Equipment capital cost
‘Equipment eriergy efficiency
Market share of neW_appliances
. Efficiency of retirino equipment
App_lience penettation factors

Appllance Stock Component ; _
- Expected equipment minimum and maxlmum lifetimes _'

Base year appliance market shares
. Equipment saturation level \

Energy Information Admmlstratlon )
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' Burldrng Shell Component _

Maxrmum level of shell rntegnty

Pnce elasticity of shell rntegnty . .
Rate of rmprovement in new and exrstrng housrng shell rntegnty

Energy Consumption Cornponent .
" Unit energy consuniption (UEC)
- Heating and coolrng degree days

-Expected fuel savings based upon the 1992 Energy Polrcy Act (EPACT)
. Population -

Outputs .~ T |
'Forecasted resrdentral sector energy consumptron by fuel type "service, and Census’
' Drvrsron is the pnmary module output. The module also forecasts housrng stock and
energy consumptron per household in addition, the module can produce a drsaggregated
forecast of appllance stock and effrcrency The types of apphances mcluded in thls
forecast are: L
Heat pumps (electnc arr—source natural gas, and ground-source)
Fumaces (electnc natural gas, LPG and distillate)
’ Hydronrc heatrng systems (natural gas distillate, and kerosene)
Wood stoves .
Air condrtron,ers_’(central and._room) -
Dishwashers. .~ .. .
. Water heaters (electnc, natural -gas, dlstrllate LPG and solar)
Ranges/Ovens (electric, natural gas and LPG) '
Clothes dryers (electrrc and natural gas)
-Refrigerators
- Freezers o
'Clothes Washers .i _ S

. < . Energy lnformatron Admmrstratlon ’ {
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,Vanableaass,ﬁmon S

’The NEMS modules are requnred to provude and use system data at the nine Census
Dwusnon level of detall The input data available from the ReSIdentlaI Energy Consumptlon
Survey (RECS) performed by EIA (whlch forms the basis for the Residential Seotor_ '

Demand Module) and other sources are desngned to be statistically sxgnmcant at various

levels, some of which are above the mne Census Dw:sxon level: Another factor that drives - '

the level of aggregatlon of the module variables’ i the technical constramts of the B

' _ computmg system required in order to run the NEMS mode! within a reasonable

tumaround time. The key variables in the NEMS ReSIdentlal Sector Demand Module are -
dimensioned as follows: : oo

census Di\iis'ions' o ~ End-Use Services ' . - Fuels

1 New England_‘ o A -.Space Heatlng ' 1 Distillate
"2 Middle Atlantic 2 Space Cooling . 2 LPG
3 East North Central 3 (;)lothes'Washers © 3 Natural Gas
4 West North Central 4 Dishwashers ‘4 Electricity
. 5 South Atlanic . 5 Water Heating '5 Kerosene
6 East South Central '6. Cooking 6 Wood
7 West S_outh Central. ~ 7 Clotnes- Drying 7 Geothermal
8 Mountain - 8. Refrigeration " 8. Coal
9 .Paoifio .9 Freezing 9 Solar Thermal
L 10 Lighting | -
Housing Types ""11 Color TVs
1 . Single-Family 12 Personel Computers '
2 Muitjfamily - : 13 Fumace Fans
3 Mobile Home ‘_ 14 Other Apphances
LE T 15 Secondary Space Heating

Energy lnformatlon Administration -
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| :Relationship 't.o 'Other Mo.dels .

The Flesrdentlal Sector Demand Module uses - data from the Macroeconomic Activity -
' Module (MAM) of the NEMS system MAM provrdes torecasted populatron and houslng
starts by Census Dlwsron and housmg type The Resrdentlal Sector Demand Module uses |
fuel price forecasts generated by the NEMS supply modules previously’ llsted as key -

dnvers to calculate operating costs for technology selectlons ‘building shell mtegnty‘
' rmprovements ‘and short—term behavroral responses. The NEMS supply modules use the-
residential sector outputs 1o determlne the fuel mlx and the resultlng amount of, energy

s . -

. delivered to the resrdentlal sector

- Energy Information Admmlstration :
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3. Model Rationale

.. Theoretical Approach’

The NEMS Residential Sector Demand Module isan mtegrated dynamrc modelrng system
that generates forecasts of resrdentral sector energy demand applignce stocks, and
market shares. The modeling approach is based on accounting principles and addresses
residential consumer b'éhayior issues. ' ’ T

The Flesrdentral Sector Demand Module is a housrng and.equipment stock model The

stock of households and the correspondrng energy consuming equrpment are tracked for

- each year of the forecast. The housing stock changes each forecast year as houses are

" retired from the stock and new constructron is added The equipment stock changes each

. forecast year as applrances fail and are replaced and new technologres enter the market.

A log -linear function is used to estrmate the market shares of competing technologles

within éach service category Market shares are determined for new constructron_

equipment decrsrons as well as for replacement decrsrons The Technology Choice
Component of the module werghts the relative rnstalled capital and operatrng costs of

: each equipment type to allocate the relative market share of the technology within the
service, region, and housing type. This approach is rmplemented in new. housing for the .- -

services 6f space heating, space cooling, clothes washers, dishwasers water. heatin’g,
cooklng, clothes. drymg, food refngeratron and food freezing. It is also implemented for

’.'replacement equrpment in single family housing for space heatrng, heat pump air

conditioning, water heating, - cooking, . and clothes drying. Lrghtrng, color televisions,
furhace fans, personal computers, and mrscellaneous equrpment chorces aré modeled
based upon altematrve technology assumptrons drscussed below

Red

Base year lnformatron developed from the 1993 RECS data base forms the foundatron

of modelmg changes to the equrpment and housrng stock over the forecast period. Market
share information from. RECS i is used to- estlmate the number and type of replacements

. . Energy Information Administration - .
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and additions to the eduipment stock. The choice between the capital cost and the' first
year’s operatmg cost’ determrnes the market share within a given servrce Market shares
.are also modeled as functlons of the. correspondmg fuel prrces, expected level of

equrpment usage and equupment eﬁrclency charactenstlcs

‘ Burldlng shell rntegnty is. also consrdered in the forecast of end-use consumptron Building
shell mtegnty in existing homes i is ‘sensitive to real pnce rncreases over-base year pnce
levels for space conditioning fuels. Final residential sector energy consumptron is
deterrmned as a tunctlon ‘of .the equrpment and housrng stock average unit energy,
: consumptron welghted equipment charactenstrcs and burldmg shell rntegnty

lmprovements ‘

- Fundamental Assumptions -
‘ '1 The Resrdentral Sector Demand Module assumes that the resrdentral energy marketplace
has the tollowmg charactenstlcs

« Equipment lifetime is- limited by' a minimum ‘and maxim'um number of years. All
equrpment is assumed to survive a minimum number of years and no- equrpment is -
assumed to survive beyond the maximum number of years. The equment retlrement- '

' rate is defined by a linear decay- function.
e The equrpment contatned in a retiring houslng structure is assumed to retire when the
‘structure is removed from the housmg stock Zero salvage value for equrpment is

' assumed

. 'Space heaters heat pump arr condrtroners water heaters, stoves, and clothes dryers .

“may be replaced (up to an rnput percentage) with competrng technologles in single-

famrly homes. Swrtchlng is based on a technology chorce component retall cost of.
" new equrpment switching cost and lifecycle cost. " ‘ ‘

- -, Energy Information Administration
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New housmg stock burldlng shell effrcrency is assumed to rmprove throughout the‘_
forecast penod ata specrtrc rate deﬁned by housrng type.

' ere-cycle costs used in, the technology cost calculatrons are computed overa 7-year .

. time honzon and a dlscount rate of 20%.

Two housmg vrntages are assumed pre-1 994 (old housrng) and post-1993 (new
housing). |

The type of fuel used for cooklng and water heating in new housrng units is’ assumed
'to be a functron of- the main space’ heating fuel. m most cases Exceptions to. this
‘assumption are rncluded for specrfrc cookrng tuel decrsrons Itis assumed that roughly .

65% of new housmg units are equrpped with natural gas. cookrng unrts while natural . -
. gas is the main space heatrng tuel ‘ '

_ The type of fuel used for-cooklng and water heating when replacing retiring equipment -
in single-family | homes ~is based on an in‘put percentage of those who may switch and
a technology choice switching algorrthm Replacements are wrth the same technology
in multrtamrly and mobile homes. ~

Hous'ing units are removed from the housing stock at a constant rate over time. The
survrvat rates for housing stock types are assumed to be 99. 7% for srngle—famrly

homes, 99.6% for multifamily homes and 96. 6% for mobile homes.

Projected new home heatlng fuel shares are based on the Census Bureau’s new
‘construction data and vary over time due to changes in lrfe-cycle cost for each of the
11 heatrng system types : T o

 Energy Information Administration * g
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Further Assumptions'.-~ -

Technology Chorce : .
The efficiency choices made for resrdentral equrpment are based ona Iog llnear functron

The functronal form is ﬂexrble to allow the user to specrfy parameters as erther lrfe-cycle o

. costs, or as werghted of bras capital and discounted operatlng costs. Currently, the
-module calculates choices based on- the latter approach. A time dependant function
_ calculates the rnstalled caprtal cost of equrpment in new constructron based on- loglstrc-
shape parameters '

~ Climate Ad‘ ustment -

. Space condrtronmg usage is adjusted across Census Drvrsrons by heating and coolrng/
. degree day factors to'account for potentral devratlons from “normal” temperatures during
.the RECS 1993 survey performance penod o

Technalogy Srwtchmg ) o
) Space heaters heat pump air condrtroners water heaters stoves and clothes dryersmay . |
be replaced wrth competrng technologres in srngle—famrly homes. The.amount- of .
equrpment which may switch is based on a model rnput The technology choice is based -
. ona log-lrnear functlon The functronal form is flexible to allow the user to specrfy

. parameters, such as werghted bras, retail equrpment cost and technology swrtchrng cost.
‘ ,Fteplacements are with the same technology in multrfamrly and mobile homes. A trme
g ': _'dependant function calculates the retarl cost of replacement equrpment based on logrstrc _'

]

. shape parameters

Space 0¢)olmg. Room and Central Air COndiﬁomng Umis

Room and central- air condrtlomng units are drsaggregated based on exrstrng housing
data. The market penetratron of room and central air systems by Census Drvrsron and .
housrng type, along with new: housrng constructron ‘data, are used to determrne the
'number of new units.of each type The penetration rate for central arr— ondrtronrng is
. estrmated by means of trme series analysrs of RECS survey data.

Energy information Admmrstratron
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 Water Heatmg. Solar Water Heaiers
Market shares for solar water heaters are tabulated from the 1993 RECS data base. The

module currently assumes that solar energy- provxdes 55% of the energy needed to satisfy
hot water demand and the remalnmg 45% is satlsﬂed by an electnc back-up unlt

111raugh-ﬂ1e-Door Rehgeratron Umts

.. Arecent innovation in residential food refngerators has been the advancement of through-
the-door access panels for ice and water.. This added convenlence results in a greater |
_energy use than convent;onal refngerator models. The, Resudentlal Sector - Demand .'
Module assumes that 28% of all post-1993 refngerators mcorporate the through-the-door

" access feature, based upon recent appliance shlpment data.”

CIothes Dryer Saturatron : .

The module currently assumes that clothes dryer market penetration occurs over the
forecast period, with a terminal saturation - ‘level that IS conSlstent with the market
_penetration of clothes washers ‘This assumption is based upon analysis of the RECS,

data base. “

" Clothes Washers and Dishwashers _
" Thé module finks clothés washer and dishwasher choice to the water ‘heating service.
This is a vital link since many eﬁlclency features for these appllances act to cut the

"demand for hot water

- Color Televrsrons and Personal Computers .
The module accounts tor these fast growing electronic devnces based on saturatlon data
~ from ARECS and assumptlons about future growth in the respective categories.

" I Association of Home Appliances Manufacturers, “Reﬁzgerators Enezgy Ejﬁczency and Consumptwn
. Trends ?* Chicago, IL, December, 1994., ) '

Energy Information Administration ‘
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Lighting

Three types of llghtrng technology charactenzatrons based on effrcrency are mcluded in
the module. Market shares are assumed for each type of lrghtrng for 1993 (the base
year) 1999, 201 5, and 2020 The module also includes fast-growrng torchiere lamps,
‘ whrch tend to be very. energy rntensrve compared fo standard lrghtrng systems

Furnace Fans -

Fumace fan energy consumptron is determrned by the number of households that have'
,central heating and/or central air condrtronrng The relative size of heatrng and coolrng
degree-days also. aﬁects the amount of energy used for this service.

~

-

OtherApplranoes S

The consumptron of other appllances by Census. Drvrsron is calculated by multrplylng the

~ sum of new and exrstrng housing units by Unit Energy Consumptron (UEC) housing type,
and Census Drvrsron ' '

Secondary Heatmg _ .
The: consumptron of secondary heating fuels is determined by the share of total- housrng'
that uses a. secondary heatlng fuel multrplred by the UEC adjusted for the shell lntegnty

" Alternative Approaches
Resrdentlal modéls reviewed durmg the model development process are dlscussed in this -
‘ ectron The drscusslon is’ presented, in the order of the components of the NEMS

. Residential Sector Demand Module

Hausr'ng Stock

2 For a more complete description of these reszdentzal sector modelmg systems see the ¢ ‘Resxdentzal Sector
Component Design Report,” Energy Infomzatwn Adrmmstratwn, January 19, 1993.

- L - , Energy Informatron Administration
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'The Resndentlal End-use Energy Planning System (FlEEPS) model3 developed by the
Electrlc Power Research lnstrtute (EPRI) and DFll/McGraw-Hrll’s (DRI) Macroeconomic
model4 also forecast domestrc housing stock. The Bureau of the Census also predicts
household formatlon based on a- complex regressron wrth numerous demographic
: varlables ’

/AppllanoeStock _‘ P v ‘
It is necessary to track the applrance stocks in order to- evaluate specn‘lc pollcres likely to

- afféct residential sector energy use. For thrs reason, models developed recently5 have

focused on keeplng track of the caprtal stock of major household applrances such as
heating and coollng equipment, refrigerators, and clothes dryers. -
_ l=lEEPS tracks the capital stock of energy-using technologies using a method similar to,

the method proposed here ‘The GRI-energy mods!® also tracks the capital stock of ma}or o
residential applrances in ‘order to forecast resrdentral energy "consumption.” '

’ Technology Choroe

The Technology Choice. component of the NEMS Resxdentral Sector Demand Module-
requires ¢ extensrve data that describe-end-use technologies. Equipment costs effrcrency‘
levels, and other charactenstlcs must be specified for all technologies modeled. These

data are avarlable from Department of Energy sources , Lawrence Berkeley Laboratory

3 Electric Power Research Instztute “Readentzal End-Use Energy Plannmg System (REEPS) Draft Model
Dacumentatwn, ?»* Palo Alto, CA, 1990.

¢ DRIMcGraw-Hill (DRI), “Quarterly Model of the U.S. Economy Version U889A Equation Lzstmg,’ ?
DRI/McGraw-Hill, Lexmgton, MaA, 1990.

g REEPS version 2.0, for example was oﬁicxally reIeased in 1991

¢ Gas Research Instztute “1991 Edition for the GRI Baselme PrOJectzon Methodology and Assumptzons
' Topwal Report,” Lexington, MA, December, 1990.

7 U.S. Department of Energy, Technical Support Document: Energy Conservotion Standai-ds for
Consumer Products: Dishwashers, Clothes Washers, and Clothes Dryers, DOE/CE-0267, Washington, .
D.C., July 1989. Also U.S. Department of Energy, Tecknical Support Document: Energy Conservation
Standuards for Consumer Products: Reﬁ'zgeratom and Furnaces, DOE/CE-0277, Washmgton D.C,
November, 1989

Energy lnformation Administration’
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. -(LBL)8 studres, engrneerrng analyses performed by- Arthur D. Lrttle (ADL)9 Gas Research
Institute- (GRI)’° research Electric Power Research Instltute (EPRI)", Gas Appliance
Manufactunng Association (GAMA)12 Assocratron of Home Appliance Manufacturers
(AHAM) the Arr Condltronrng and Refrrgeratron Instrtute (AFtl)13 and numerous trade

publrcatrons S _' . o '
REEPS srmulates consumer chorce based on the consumer’s evaluatron of certarn ,
_equrpment attnbutes (such as capital cost and energy effrcrency) with the chorce of a‘
partrcular unrt expressed as a probability of the consumer choosrng that unit. This
probabrlrty is based on- emprncal estrmatron that reﬂects observed trends in the home
- applrance market described in home applrance trade publrcatrons '

- -

. Shell lntegnty s
The EPRI, LBL, and GRI models account for energy conservatron through shell retrofrt
EPRI S REEPS and LBL's REM models both usea sophrstrcated approach to account for

shell retrofits. The- REEPS model groups drfferent retrofits into, several levels with each
‘ level assrgned a drfferent cost and energy savrngs Over trme housrng structures choose
better combrnatrons of shell attributes, whrch causes a savrngs in energy consumptron
- The decrsron process is srmulated by a Iog-lrnear functron that werghs parameters such ‘

€

J Koomey, J.G, et al, “The Potenaal for Electm:tty Eﬁiczency Improvement& in the Us. Resldentzal
Sector,” Lawrence Berkeley Laboratory, ‘Berkeley; CA, July, 1991. Turiel, L, 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 Jor the Resrdentzal Sector and .
_Development of a Reszdentzal Forecasting Database, » Berkeley, CA, May, 1994. ‘

9 Arthur D. Little, “Techmcal Memorandum for Technology Advances and Forecasts—
Reszdentzal/C’ommerctal End-Use Equipment,” Cambndge, MA, 1990. RN

© Gas Research Instztute, ““Baseline Pro;ectwn Data Book, » Waslzmgton, DC, 1990.
1 Electric Power Reseawh Instztute, “Draft Model Documentatwn for REEPS » 1990.

a2 Gas Applzance Manufacturers Association, “Consumers Dzrectory for Ceraﬁed Eﬁcmy Ratzngs, »
. Artington, VA, 1994. .

B Air Conddwmng and Reﬁ-zgeratzon Institute, “Drrectory of Certzﬁed Cooling Eqrupment,” Arlmgton,
VA, 1994. . :

Energy Information Administration . :
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as flrst cost energy savrngs and discount rate The LBL model uses conservatron supply

"curves to.describe the trade-off between investment in dn‘ferent shell measures and the

energy savrngs associated with them. The chorce to retrofit- depends on the cost of
conserved energy 1If the retrotrt option saves more money than it costs, the optron is
selected. The GRI model assumes an exogenous rate of annual rmprovement

. Reasons for Seledmg the NEMS Residential Sector Demand Module Approach
. Execution time and- memory requirements establrshed in the design stage of the NEMS
,model development effort “contribute to" the ultimate design of the Resrdentral Sector

Demand Module.- The component approaches for’ modelrng housrng stock appllance
stock, technology ¢ choice, and shell rntegrrty are desrgned ina modular fashion to facilitate

) ' enhancements to-each component desrgn The module desrgn draws upon.aspects of the

REEPS DRI, and GRI models drscussed above, rn an. attempt to enhance previous
modeling methodologies whrle retaining as ‘much srmplrcrty as possrble in the: modelrng

' approach. The 'current module design’ is flexible enough to ,lend itseff to further.
‘erihancement in all components. - ' '

Table 1 compares the previous EIA residential sector demand model with the NEMS
approach. The Resrdentral Energy End-Use Demand Model (REEM) ‘developed in 1989,

consisted of four modules—housrng stock, ‘service demand servrce capacity, and new .
-technology chorce REEM was used to produce long-term prorectrons of resxdentral energy -

consumptron Limitations of REEM as compared to the NEMS Resrdentral Demand _ |
Module include: .

- 1) Inabrlrty 0 track applrances through time,

2) Projections were generated ‘for only four.Census regrons (Northeast South Mrdwest .
and West) r

<)) Only six fuel types and six services were consrdered

4) Drd not incorporate consumer choice parameters in the technology choice module,
5) Technology chorce methodology was lrmrted to a life-cycle cost approach,

6). Drd not produce energy consumptron forecasts for each servrce by fuel type
7) Drd not explicitly rnclude dispersed renewable technologres and -

Energy lnformatron Administration ,
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~

' 8) Did not account for weather effects. -

L

Table 1. Companson of Prevnous EIA Model (REEM) Wlth NEMS Resndentlal Sector
Demand Module

Conceptual Task - 'REEM Methodology ' NEMS Methodolegy

Foremst housing stock Increase additions (fdr Forecast by housing type and
additions ' .+ each housing type) by - . region, based on-demographic -
. ... * . . proportion of national. . variables exogenous to the '

housing-starts. Regional Residential Module. Housing '
'shares of each housing . starts by-type and region

type are constant over ' prov:ded by the NEMS
. . | time - . "~ Macroeconomic Module
Compute and forecast No stock method Count appllance stock in base
appliance stock and ‘ employed; use service . year; vintage and add
appliance penetration for “demand and capaclty as equipment over time; forecast
new a’nd existing ho’using - proxies : penetration based on
’ ) ‘ T . assumptions :
Choose equipment to meet . Use logit function based - Segment market basedontype '
appllance stockdemand - . on minimum lifecycle. = of aequlsmon, house type, .
cost; assume initial _ ete.; vary consumer ‘preference

equipment shares, fixed parameters by service type.
discount rate, and inertia - . :

_ factor (lagged penetration) -
Calculate energy - . , Welght ‘share of © . Weight share of equlpment
consumption oo equipment chosen by . choseii by average efficiency.
: . ‘ : . average efficiency for - for each technology and apply
o o each fuel.and-applyto. =~ to appliance (unit) demand .

. service demand

. . ; Energy lnformahon Admlmstratlon o !
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". ' 4. Model Structure
'+ Structural Overview

The NEMS Residential Sector l:)emand Module characterizes energy consumption using - -
"an algonthm that .accounts for the stocks of housrng and applrances equrpment market :
shares, and energy rntensrty The module assesses the shrfts of’ market shares between -
competing technologres based on assumptions . about the - behavror of resrdentrall
consumers. ‘ ' )

‘The NEMS Flesndentlal Sector Demand Module isa sequentlal structured system of.
_ algonthms with succeedmg computatlons using the results from prevrously-executed
components as jnputs. The module rs composed of f ive loglcal components: housmg '
-stock forecast, technology choice, applrance stock forecast, bulldlng shell mtegnty and
' energy consumptron -

Housmg Stock Foreoast :
The location and type of housrng stock are the primary model drivers. The first component .
uses data, from’ the NEMS Macroeconomrc Actrvrty Module to pro;ect new and existing '
"housing for three dwelling types ‘at the nine Census Division level. The three housing
types are as follows: ‘ 8 ' '

. Single-Family Homes
. Multifamily Homes .
. Mobile Homes

Technology (Equrpment) Choice - .
The Technology Chioice Component srmulates the behavior of consumers by forecasting

market shares for each available equipment type. New and replacement. equipment

Energy Information Admmrstratron . : . )
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decusxons are modeled for each technology type For new. constructlon home heatmg fuel '

‘is determined by relatlve hfe-cycle costs of all competlng ‘heating systems.

 Table 2. Senvices arid Equ'ipmerit in the NEMS Residential Sector Demand Module

Space Heating Equlpment
Electric Furnace ,
Electric Air-Source. Heat Pump
Natural Gas Furnace
Natural Gas Other (Hydromc)
Kerosene Furnace

" LPG Furnace
Distillate Furnace .
Distillate Other. (Hydromc)

Wood Stove

-Electric Ground-Source Heat Pump A

Natural Gas Heat Pump'

- Space Cooling Equipment (
- Electric Room Air Conditioner
~ Central Air Conditioner . .

" Electric Air-Source Heat Pump
Electric Ground-Source Heat Pump
Natural Gas Heat Pump

_Water Heaters
- Natural Gas
Electric Resistance / Heat Pump
Distillate
LPG- .
Solar Thermal

‘Cookstoves
" Natural Gas

LPG

. Electric -

‘Clothes Dryers

‘Natural Gas - -
Electrlc -

Refngerators e 1

. 18 cubic-foot Top Mounted Freezer
24 cubic-foot Side-by-Side with
: Through-the-Door Features

~ Freezers
" Chest Manual Defrost
~ Upright Manual Defrost '

Clothes Washers
Vertical Axis

" Horizontal Axis ;

R

-

Relatlve welghts are determmed for each equlpment type based on: the existing market .
share, the installed capital cost and the operatlng cost. These relatlve weughts are then .
used to compute the farket shares and composite average efﬂcnencnes for each servnce ,
.-The technologies are _dlStIﬂQUlShed by the service demand thatthey satisfy, by the fuel

that they consurmie, and by their efficiency.

Appliance Stock Farewst |

. Energy Information Administration- .
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The Appliance Stock. Component forecas‘ts.the'number of end-'use'appllanCes within all
occupied households. Thrs component tracks equnpment additions and replacements
Equrpment is- requrred to meet the followrng servrces

E Space Heating . Space éooling . - Dishwashers .

- Water Heating. » Cooking .
. Clothes Drying. - Food Refngeratmg L
. Food Freezing .+ Clothes Washers '

- -Building Shell lntegnty

Building shell integrity is modeled for exlstlng and new housrng The exrstmg housing
stock responds to rising prices of space conditioning fuels by improving shell rntegnty _
Shell lntegnty improvemeénts might range from relatively i mexpensrve measures (such as
caulking and weatherstrlpplng) to prolects wrth substantral costs (such as’ wrndow
replacement) ' ‘

| Nevu housing stock also incorporates\shell integrity lmprovements, The shell integrity of
new and existing housing is assurned to improve throughout the forecast horizon, as

* building codes and other efficiency 'programs become m‘ore widespread.

. Energy Cmsumptron -

The Energy Consumptlon Component. calculates end-use consumptron for each servrce.'

and fuel type. The consumption. forecasts-are constructed as the product of the number

of units in the equrpment stock and the average technology UEC. “The average UEC |

2 changes over time as the composrtlon of the equrpment stock changes over time.

In each year of the forecast, the tollownng steps are performed to develop the energy ’
consumptron forecast:. -

Energy lnformahon Administration
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.'1 A forecast of housrng stock is generated based on.the retrrement of exrstrng housrng
. stock and the addrtron of new constructron as determrned in the MAM

2 o - Figure 1.. NEMS.“
Residential. Sector

- 2. Pre-1994vrntageequrpmentstock is estimated, accountrng for Demand Module

housing demolrtrons and addmons I : Basic Structure
. L | ForecAsT .|
3._ l\r‘larket shares are deterrnrned for equipment types by service. | " HOUSING - -
. ' o ' o STOCK
4, The'previous year's eqU“'rpment additions and r'eplacements for . -~
" both pre-1 994 and post-1 993 vrntage are determrned based on '
the current year market share. . ' ' '
: SR L CHOOSE
5. Efficiencies 'weighted by ;market share are calculated. - | TECHNOLOGY
" 6. Fuel consumptlon |s calculated usrng UEC and the werghted‘. o l -
' eﬁrcrencres (shell rntegntres and household srze if applrcable) _ — —
_ _ FORECAST
_ . . Lo ~: --APPLIANCE
. Flornr Diagrams o - \ [0 sTOCK
Thrs sectron includes flow dragrams that represent the structure~. l
of the NEMS Resrdentral Sector Demand Module Figure. 1.
presents the overall sequential structure. Figure 2 rllustrates the CHOOSE
G
Housrng Stock . Component flow. The Technology Chorce"; B:tgll.l:
. Component flow is represented i in Figure 3. Figure 4 provrdes the | = L
flow of the Applrance Stock - Additions” and Replacements l |
‘ Component, the calculation of burldrng shell eﬁrcrencres is found : '
rln Fgure 5, and the Consumptron and UEC Component flow rs | ‘c OMPUTE
provrded in Frgure 6. T T |- CONSUMPTION

Energy lnformahon Admmrstratron
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: The overall sequentral structure as rllustrated in Frgure 1 detarls the frve primary-steps that
calculate the final resrdentlal sector energy consumptron These frve steps are drscussed B

—

in the first chapter of this' report

Figure 2 illustrates the Houslng Stock Component of the module “This component draws :
upon éxisting housing charactenstlcs from the RECS data base" and. new housing .
- characteristics from-the MAM forecast. The Housmg ‘Stock calculates housrng stock:
additions, survival, and retirements in order to produce the fotal housmg stock byvrntage,\.

: type, and Census Drvrsron

Figure 3 |llustrates the Appliance Stock Component ofthe module The base year existing '
stock of major housefiold appliances. is derived from analysrs of the RECS 1983 data.
Applrance retirements are determined based upon the mlnrmum and maximum equrpment r
lifetime assumptrons discussed in the Fundamental Assumptrons section of this report'
: Addltlons to the appllance stock are calculated in thrs component, as is the survrvrng‘ .

o ,stock of equipment.

' Figure 4 illustrates the Technology Choice Component of the module. The existing,
replacement, and new appliance stock characteristics are usedby-_ this component to
. determine the stock requirements Technology characterization information iriput to this
. component determrnes the set of equrpment from which-the requlred chorces are made.
The consumer choice functrons by decision type determrne the type, number and
. .equrpment efficiency by end-use servrce '

Figure 5 illustrates the Building Shell lntegrlty Component, which calculates indices that
reflect rncreasrng burldrng shell efﬁcrencres over time, in response to increasing energy .
prices, EPACT wrndow labelrng standards and technology improvement.

Figure 6 illustrates the Consumptron and UEC Component of the module Thrs component '
" uses the base year UEC rnformatlon developed from the - RECS data, the technology

Energy Information Admmrstrahon o
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- selectuon mformatlon developed prevxously, bu:ldmg shell mtegnty, household size, and
heatlng- and coohng-degree day effects to determine end-use consumptlon

. Energy lnformatlon Admmlstranon
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FORTRAN Subroutine Descriptions
" The NEMS Residential Sector Demand Module FORTRAN source code consists of more
"~ than 50 subroutrnes sequentrally called during the executron of the module Table 3 lists
; the major subroutiries and their correspondlng descrrptrons The subroutlnes can be ,
grouped into'the followrng categones accordrng to therr functlons

" Fuel Pnce Subroutine.
The code includes the followmg subroutlne that reads fuel pnces

'RDPR reads in fuel'pric'es from the NEMS system.

Initialization Stibroutines |
The code mcludes the followrng subroutrne for lnmahzatlon purposes :

7

INTEQT rnmahzes heatlng equipment market shares and apphes the decay rate to .
_the emstrngequrpment ‘ '

| Hausmg 3ubroubm " _
The code mcludes the followrng subroutrne to assess housrng stocks
'NEWHSE | Reads housing starts from NEMS Macroeconomic ‘Ac_t'ivit'y Module‘ and
‘cornpuies.new housing stock . = '

Existing Equipment - nnHrmEcsubmuune S
. This subroutine projects -pre-1994 (exrstlng) vmtage equrpment by servrce In thns
subroutine, the following operatrons are performed.

I3

'- 1. The equipment market share is read from an exogenous data file by equrpment type,
housrng type, and Census Dlvrsron .

: ‘ Energy Information Admmrstralron A '
32 . o NEMS Residential Demand Module Documentation Report



Table 3. Primary NEMS Residéhtial Sector Demand Module Subroutines

NAME ) Dsscalrnw OF 'rms SUBROUTINE . ’
“RTERREAD— . —mﬁeﬁmmzmmmmm
RDSQFT . READS ANNUAL AVERAGE HOUSING FLOOR AREAS )
RMISCREAD "= = READS MISCELLANEOUS DATA FOR THE MODULE
RDPR READS PRICES
INTEQT- . INMAUZE HEATING Ecmmsm MARKET SHARE -
RDHTREQC . PROJECT 1993 VINTAGE.FOR ALL SERVICES
RDUECS - INMIALIZE EQUIPMENT UECS (SERVICE AGGREGATES)
RCONSFL . RATIONALIZE FUEL NUMBERING AMONG EGU!PHENT TYPES
EXCONS CALCULATE 1993 CONSUMPTION
SDCONS L CaUBRATE TO SEDS 1993 consump'non
NEWHSE - CALCULATE NEW HOUSING. -
EPACTWD CALCULATE THE IMPACT OF EPACT WINDOW LABELING
SQFTCALC - CALCULATE AVERAGE FLOOR AREA OF HOUSING N
, . RDEFF g READ IN EFFICIENCY OF RETIRING EQUIPMENT FROM 1993 STOCK
RDRET READ IN- PROPORTION OF RETIRING EQUIPMENT FROM 1993 sToCK
-REPLACE SHARES OUT REPLACEMENT EQUIPMENT SWITCHING AMONG COMPETING
A TECHNOLOGIES FOR SINGLE-FAMILY HOMES UP TO AN INPUT Lmrr
RCWTEC ’ CHOOSE CLOTHES WASHER EQUIPMENT . .
RCWADD ~ CALCULATE NEW AND REPLACEMENT CLOTHES WASHERS
RCWCON * CALCULATE CONSUMPTION FOR CLOTHES WASHERS
- RDWTEC ) CHOOSE DISHWASHER EQUIPMENT e
RDWADD CALGULATE NEW AND REPLACEMENT DISHWASHERS
- RDWCON CALCULATE CONSUMPTION FOR DISHWASHERS i
PCCNS - CALCULATE PERSONAL COMPUTER CONSUMPTION:
TVCNS - CALCULATE COLOR TELEVISION CONSUMPTION -~
RWHTEC CHOOSE WATER HEATING EQUIPMENT .
REUADD . CALCULATE NEW AND REPLACEMENT WATER HEATERS AND srovss
RWHCON . CALCULATE CONSUMPTION FOR HOT WATER HEATING ) :
‘RSTVTEC 4 . CHOOSE COOKING EQUIPMENT :
RSTVCON ~ CALCULATE CONSUMPTION FOR COOKING
RDRYTEC CHOOSE DRYER EQUIPMENT -
RDRYADD - CALCULATE NEW AND REPLACEMENT DRYERS
RDRYCON. | CALCULATE CONSUMPTION FOR DRYERS - .
RHIRTEC 3 CHOOSE HEATING EQUIPMENT AND COMPUTE AVERAGE EFFICIENCIES
RHTRADD . CALCULATE NEW AND REPLACEMENT.HEATING EQUIPMENT )
RHTRCON "CALCULATE HEATING CONSUMPTION - ’
" RCLTEC CHOOSE AIR-CONDITIONING Eaunmau'r -
- RCLAD - CALCULATE NEW AND aspucsmam' cooune EQUIPMENT
RCLCON CALCULATE COOLING cousuumou -
RREFTEC CHOOSE REFRIGERATION EQUIPMENT -
RREFADD . . CALCULATE NEW AND REPLACEMENT REFRIGERATORS
RREFCON CALCULATE ENERGY CONSUMPTION FOR REFRIGERATORS -
RFRZTEC - CHOOSE FREEZER EQUIFMENT .,
RFRZADD - ' CALCULATE NEW AND REPLACEMENT FREEZER EQUIPMENT
RFRZCON CALCULATE CONSUMPTION BY FREEZERS
LTCNS CALCULATE LIGHTING CONSUMPTION
.APCNS y , CALCULATE CONSUMPTION FOR ELECTRIC APPLIANCES
SHTCNS ’ : . CALCULATE CONSUMPTION FOR SECONDARY HEATING
APPCNS - CALCULATE APPLIANCE CONSUMPTION
FUELCN . CALCULATE FUEL CONSUMPTION N
RSBENCH - CALIBRATE CONSUMPTION TO BENCHMARK VALUES
. NEMSCN CALCULATE AND REPORT NEMS OUTPUT VARIABLES -
- RESDRP . PREPARE DATA FOR REPORTING :

RESDRP2 - REPORT MODULE RESULTS

. Energy Information Administration
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- 2 The base year equrpment stock or the pre-1994 vrntage stock is the product of the
share and the amount of exrstrng housrng

3. Survrvmg equrpment of the pre-1994 vmtage is forecasted using the equrpment .
survrval rate and the housrng decay rate for. every year in the forecast

| 'Otherlnput Subrouhm ‘
These subroutrnes read other- information from t” les:
' 'RDEFF_ : reads éfficiencies of retiring equlpment
- RDRET . _reads equrpment retirement rates | ' ,
RTEKREAD  reads the detailed technology data DR S
" RMISCREAD reads miscellaneous variables R

! -HDSQFT ~ reads home floor areas
BDU_ECS >+ reads unit energy consumptron data
- Calculatran Smeunnes @

" The model includes a subroutrne identified as EPACTWD to estrmate the EPACT wrndow
labelrng impact, and another, SQFI'CALC to calculate average home floor areas.

e

Technology Choice - TEc 3ubroutmes (9) _ .
- The code includes nine technology chorce subroutines that follow these general steps

1 N .

Initialize capital costs and equrpment efficiencies. .

S .
.

Set discount rate, adjustment tactors and present value horrzon
Compute operating costs of each equrpment type.

Compute life cycle costs of each equipment type.

Compute technology share for new housrng

o oo~ 0 N

Calculate-new and replacement equipment werghts based on the bias, caprtal cost
.and operating costs using a log-lmear function. . ;
7. Compute new market shares ratio between equrpment werghts and total equrpment \

weight. )

: ’ Energy information Admmtstratlon
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,' 8 Eﬁrcrencles for equrpment types are calculated for new and replacement equrpment

weighted by therr respectlve market shares

‘These subroutrnes are as follows ' . . o
RHTRTEC - RSTVTEC ' ,j | ‘RFRZTEC

RCLTEC . .~ "RDRYTEC. - . RCWTEC .

"RWHTEC . .  RREFIEC - - - RDWIEC -

In addition to the'TEClsubr_outines, the LTCN_S_; TVCl_\ls; and PCC_NS subroutines assign' -
“market shares to respectl\}e’technologies within each class. '

Replacements and Additions - ADD Subroutines (8)

The code contains six equlpment replacement and additions subroutines. (Water heaters
. and stoves use the same “ADD” subroutine ) .“TEC” -subroutines for each service are
followed by “ADD” subroutmes that calculate new and replacement equipment for the .
. prevrous year based on the current year’s market share. The tollowrng steps are

implemented in these subroutrnes -

"1 The post-1993 vintage equrpment additions are determmed by the’ share of new (post- -
1993) houses from the MAM that demand that service.

2. Compute the surviving post-1993 vintage equipment in pre-1994 vint_age houses.
3. Compute total equipment required for pre-1.994 vintage houses.

| 4. Compute the equipment replacements in pre;1 994 vintage houses by subtracting the -°
sum of surviving pre-1994 vintage equipment and survi\"/lng post-1993 vintage
equipment in pre-1994 vintage houses from the total equipment demand\ed for-pre-
1994 vintage houses. Technology switching is allowed at replacement for .space
heaters, heat pump air conditionefs, water heaters,’ stoves and clothes dryers in

t

. srngle-famrly homes.
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5.

X

Compute the survrvrng post-‘l 993 vintage equrpment that was purchased as elther' -
addmons or replacements for post-1993 houses. '

.‘Calculate the -current year’s replacements ‘of post-1993 vmtage equrpment in post-. :

. " 1993 houses as. by subtractlng the surviving replacements and equ:pment additions

in -post-1993 houses from the stock- of surviving. post-1993 houses.. Technology

:swnchlng is allowed at replacement tor space heaters, heat pump arr condrtroners .
~water heaters stoves and clothes dryers in srngle-famlly homes These subroutrnes L

" are as tollows - . _
" RHTADD - . - RDRYADD ' .~ RCWADD

RCLADD - - . RREFADD® RDWADD

| (REUADD .. e RFnonD: |

End-use COnsumphan GONICNS 5ubroutmes (13)
"~ The code contains 11 -end-usé consumptron subroutlnes deﬂned by service. The ADD o

'subroutlnes are: followed by consumptlon subroutmes Within each of' these subroutmes- '

‘then new, replacement and average unit energy consumption values are calculated These
. UECs are then multlplled by the equrpment stock (and climate adjustment factor and shell
lntegnty for space conditioning) to yield flnal fuel consumptron These subroutlnes which.

. follow also lnclude a pnce sensrtlwty expressnon that adjusts short—term demand tor fuels '

RHTRCON . __RREFCON ' APPCNS
"RCLCON . RFRZCON. -~ RCWCON'
RWHCON LTCNS” ' RDWCON’
" RSTVCON ~ ~ “APCNS - - .. TVCNS

36 .

RDRYCON = - . SHTCNS © " PCCNS
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Ovemll COnsumptron -CN Subroutmes 2)
The model includes the followmg two subroutmes that calculate overall fuel consumptlon
and,llst output NEMS consumption: ‘ '

, . FUELCN ", c_alculetes fuel consumption
NEMSCN Output' NEMS consumption

. H' stoncal consumphonICahbrahan Subrouimes (3)

The code mcludes the followmg three subroutlnes ‘to determlne hlstoncal energy

consumptlon and to cahbrate to the historical SEDS values

EXCONS - calcilate 1993 consumption
SDCONS calibrate UEC's to SEDS 1993 consump’non .
RSBENCH calibrate. consumptlon to 1991- 1994 SEDS consumptlon ‘

‘Report  Subroutines (2)

The following subroutmes produce the output reports
" 'RESDRP
RESDRP2

Al

Key Computations and Equations

This section presents the.detailed calculations 'us:ed.in éach of the module components,
couched in terms of the space heating end use, becaus‘e it proVides the best "eXamples
for generahzatlon Calculations for other end uses follow the space heating pattern, with
different vanable names. For more detail refer to. Appendlx B, where calculations are
provided at the subroutine level.” Table 4 shows the correspondence between the
subscnpts in the documentation and the subscnpts in the FORTRAN source code.
Please note the following conventlons

Energy Information Admlmstratlon :
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‘Table 4. Definitions of S.ubsclripts.

Subscriptin = S
‘Documentatio. - . Subsecript in the FORTRAN .
T ' mmnsus

' - "Dijvision :

t 'Y, when Y is a year mcrement
f F, fuel types
b B,-housing type -
Yy’ ©_ ,CURIYR, the annual index -
y-f = - . "PREVYR,CURIYR-1 .
eg- . - EQC, equipment class # within
-. . anenduse (eg., 1-11 for heat)
RECCL, equipment class # from
. .. alenduses (currently 1-27) -
"egsw - . . EQCSW, equipment class #
’ . ' - within an end use to switch to
RECCLSW, equipment class #
o o - fromall end uses to switchto . .
'.es . EQT, equipment type # within .~ = = - =
- an end use (e.g., 1 - 26 for heat)
RECTY, equipment type # from-
-all end uses (currently 1 -164) -

e The table of subscnpts rncludes all of the major usages In some mlnor rnstances _'
addrtronal subscnpts are deflned as needed

e The equations fdllow the logic of 'the FORTRAN code very closely to facilitate an
understandmg of the code and its structure.. In several rnstances a vanable appears
' on both sides.of an equatron ThlS is a FORTRAN programmlng devrce that allows a

' previous calculatron tobe updated (for example multrphed by a factor) and re-stored :
.under- the same variable name (i.e., in the same memory locatron) '

e The sdbecript, y, inthe docdmentation refersto the year represented.as 1990 through
- 2020. In the FORTRAN code, the subscripts for CURIYR rebresent array dimeneions
a _startrng with an rndex of 1 to represent 1990 (in some cases, the array index of 1
represents 1991 as explalned below). Not all arrays begin with an array position for
1980. Specifically, the arrays that represent or relate to equrpment added afterthe

. . Energy lnformatlon Administration
38 ' NEMS Residential Demand Module Documentation Report



. 1990 base year begln wrth the tlrst array posrtlon representrng 1991 (PREVYR) to -
~ economize on memory storage ‘ : ,

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

The most common 1nstances are for the vanables LFCY OPCOST, SA, SHARESN

. and SHARESR These varrables are calculated on an annual basrs, but are retarned
only for the current year.. The “y’ dimension is used in the documentatron to highlight
1) that the calculations do vary by year, and 2) to indicate the current year in tormulas -

to avord confusion.

Summatrons over all relevant vanables are usually written wrthout upper and lower
range limits on the surimation srgns ‘ ‘

Unless otherwise stated, the range of y for an ’equatlon is 1991 through 2015.

' Housing Stock COmponent

To calculate the number of exrstrng dwellings, the Housrng Stock Component adds newly-
burlt homes to the mventory and subtracts demolrtrons Housing constructron starts-are

' obtarned from regronal outputs ot the MAM. -Existing base year housrng stock is A '

designated - as the “pre-1994” vmtage and new additions to the housrng stock are -

"referred to as the “post- -1993” vintage. Addrtrons and replacements for both housrng ‘

vintages are tracked through the torecast period.

‘Houses are removed from the stock at a constant rate over tlme The survival rates for

the household types (HDR,,) are ‘as follows:

' Srngle~Fam|ly Homes HDR 0.997

Multifamily Homes. ' HDR,=0.996

* Mobile Homes: . HDR;= 0966

’ . Energy: lnformatron Administration :
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| The sunnvrng 1993 housrng stock rs deflned by

EH,W nscsm | Fy=1993

| W
EHN-EH e % HDRy , if y > 1093 o

¥

’.wher_e_',~. R | |
- EH,, is 1‘993 housing_ stock surviving by year, housing type and Census Division.

' Technology Chowe COmponent ,
The Technology Chorce Component uses a log-llnear functior to estlmate technology -
market shares The module is able to calculate market shares based on consumer.
behavror as a functlon of bras, caprtal costs and operatrng costs or as a functlon of life-
cycle costs. ' | '

‘“The seven major services modeled are:

Space Heating S _ C
Space Cooling T
Water Heating . R
- Cooking ST
.. Clothes Drying. -~ .
Food Refrigeration
_Food Freezing S . :
Clothes Washers . L S
‘Dlshwashers ‘ S
. /
_Lighting, color televrsrons personal computers and other appllance decrsrons are
, modeled dn‘ferently from the major servrces hsted above. ' '

New equipment operating costs are computed.by the expression,

SPCOST. . G ATBASEFFiomey . (
OPCOST, s, = PRICES 1, EQOUEG g  HODFACT, s . ().

.l
where,

o Energy Informatron Administration
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- OPCOST veshr- 1S the operatrng cost for the specific equrpment type by year, housmg -
B " type, and Census Drvrsron - . o
PRI-CES,,', s the fuel prices for the equipment by fuel, by regron and forecast

- year, . . - : '

. EQCUEC, o, is the unit energy consumptron by Census Dlvrsron equrpment class

o .. .“and housing type, . ) T

‘HDDFACT,,  isafactor, the ratio between heating degree days in the current year.

| ‘ and in the base year, for adjusting for abnormally warm weather in

.- either the base year or.in the current year, -
RTEQEFF,, isthe equrpment type efficiency,

RTBASEFF,QQW is the 1993 stock-average eﬁrcrency

' The consumer is allowed to choose among the various Ievels of cost and eﬁrcrency for
a given class of equipment. Electnc heat pumps are an example of an equrpment class
(denoted by eg). Equipment type (denoted by es) refers to the same. class of equipment
with different efficiency- ratlngs (e.g., high vs.low efﬁcrency electric heat pumps)

E_QCOST is a time-dependant function for cor_npijting the -installed capital ‘cost of
equipment in new construction~ and the retail replacement cost of equipment in existing
housing. It is called if the cost trend switch COSTIRSW =1 in COMMON RTEK (which
is the defaul). Its mathematlcal description is as follows:

Eacosrmw - RTEQCOST,, if-RTMATURE ,=MATURE @)
EQCOSTgyyfer = RTRECOST,, , i R_TMATURE =MATURE ‘

t

EQCOST,, . RTEQCUSl,,x 2x9 g x RTEQCOST,, , if ATMATURE 5 -ADOLESCENT
'8y, CAP™ Vy—y Y es
: N Y A AN , .. , )
: \Jo~Y1) o ' : 4
EQCOST, nmscosz,,x 2xd -0 x nmscosr , if RTMATURE -ADOLESCENT '
esy.RET 1R o .
: . 1 + y 1 i
\Jo=%1)

Energy Information Administration s
NEMS Residential Demand Module Documentation Report ) 41



EQCOSTy,chp =

' EQCOST,, ey =

where, .

macosr,,x d.
10 + ry-}".)
\Jo %1 _
. . . . ! .. ‘ E
nm,eca( ys ’ ;'_"Yd + (1.0-d) x RTRECOST,, -, if RTMATURE =INFANT. -
;1.04__"1) . | AR

A,

+ (1 0-0) X BTEQCOST“ & RTMATUHE —INFANT

G

EQCOSTQS,,W is trme-dependant mstalled capltal cost of equnpment in. new .-

RTMATURE,,

* .

RTEQCOST,,

' RTRECOST,,

.Y '

Y1

42

_ constructron or the retall replacement cost of equrpment |n exlstlng '

housrng, , )
tells functlon type of. equrpment cost to retum
CAP Return mstalled capital- cost in new constructxon
RET Return retall replacement cost |n exrstlng housmg, S
'Technology maturity descnptron ‘ .
MATURE No turther equlpment cost reductlons expected
ADOLESCENT Major cost reductions occurred before base
year, _ ’ SRR
- INFANT = All cost reductlons expected after first year avaulable,'
lnstalled wholesale capital’ cost in.$1991 per unit for new homes,

, remarns constant for MATURE technologles only (used when otype_ ’

. =CAP, ' ’ |
" Fletall capltal cost in. $1990 per . umt for replacements remams

' constant for MATURE technologles only (used when ctype RET)'

18 the year of- mtlectlon of cost trend

* RTINITYR, |f ADOLESCENT V
RTCOSTP1 if INFANT

" isthe year cost decllne began

RTCOSTP1 if ADOLESCENT

RTINITYR if INFANT,
is- the total possible proportlonal dechne in equrpment cost,
RTCOSTP3 ' '

. - Energy lnformauon Admmrslratron
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from y, onward if ADOLESCENT,
. from 'y, onward if INFANT

s the logrstrc curve shape parameter RTCOSTPZ» :

The module rncludes the optron to use llfe—cycle costrng to calculate market share

werghts The Ilfe cycle cost calculatron is,

LFCY, ,,,,,,- CAPITAL,, + OPCOST, 5, ' « 1= +lgfga73_"’m’?’”. e
wh'ere,. L
" LFCY, heshr . 1S the life cycle cost of an equrpment type by forecast year housrng
: ~ type, and Census Division, R |
' f‘CAPITALes' | is the.installed caprtal cost of an equrpment type based on callrng
. ) EQCOST with RTEQCOST o ‘
HORIZON - is the number of years rnto the future that rs used to compute the
-‘ present value of future operatrng cost expendrtures presently set to
seven years, and ' .
DISFl_T ' is the discount rate applred to compute the present value of future-

operatrng costs presently at 20 percent

A weight for each equlpment class is calculated to estimate the market share for each of
the 11 heating systems for-new constructron based on the cost factors computed above.

’ The functronal form is expressed as,

where,
HEATSYS

eg.b.r

.. »FlTFCBIAS'eg

HEATSYS, ., = 6 mcbzgs,,+mce5r@xm;1 " o - @

is the equrpment weight ‘for a ‘heating equrpment class for new
housrng by year, housrng type .and Census Division,

rs a consumer preference parameter that frts the current market /
share to historical shipment data, ‘
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LFCY yeabr is the lrfe cycle cost for the equrpment class by year housrng type,
and Census Dlvrsron and ' : ‘
RTFC_BETA isa parameter value of the Iog-hnear functron

The sum over the heatmg equrpment classes glves the total welght for aﬂ of the heatrng
equrpment
: " ¥ R ' - . ‘
- sysrOT,,, = g HEATSYS, g . ... .. (&)
. where, : .- . / . |
SYSTOT,,,  isthe sum of equipment class weights for the all equipment classes.

~ Theé equipment olass fuel share is com‘puted-b‘y

HEATSYS op,r if SYSTOT,,,>0

\ H?gsﬁnt“*“‘ " Tsvstot,, . ©

" _HTYSSHR,, =0 . - . ,otherwiss . Co

where . . _
HTYSSHR egp} is the equipment class fuel share by year, building type, and Census .

Division.
For each equipment-typé within each class, a weight 'is/caloulatednbased on the cost
) -tactors computed above The functional form is expressed as, ‘

. anmm_ G[mzoams.+nmcarne.xopoosrw+mmm%xmw1 - (10) -

EQWTRy, = o m“s'?*-m‘ef*m#*mﬂsww Can
where, . : , Ny :
EQWTN, op;. I8 the equrpment weight for new equrpment type by year, housing
- type, and Census Division, : ‘
EQWTR, 1, ~ is the equipment werght for replacement equupment type by year, -

o _housing type, a_nd.(}ensus Drvrsron, '

o~

A Energy Informiation Admmrstratron -
44 : NEMS Rosrdentlal Demand Module Documentation Report



4

- OPCOST, yesir “is tne'operating'.cost for the equipment type by year, 'hcuslng type,
-and Census Division, ' . | ‘ |
- LFCYm br is the lrfe cycle cost for- the equrpment type by year housrng type -
’ Vand Census Division, and - L
FlTEC'BI/ilSe$ . is a consumer preference parameter that frts the current market"
' share to shipment data,

RTECBTA2,, are parameter values of the same fit.
RTECBTA3,, ' ‘ -

/

- Sums over the equipment types within each class give. total weights for the: equipment

cldasses: .
Tom,wgm;wfawm,m o | At
Het _ o - 13
TOTEWTR, s, = Y. EQWTR,eh, SR L)
. , . mw. N V .
where, T 4' - : - T
TOTEWﬂVyeg b is the sum of werghts for the new equ:pment types within equrpment
classes,, ' .

TOTEMﬂ'Ryeg,,, - is the sum of werghts for the replacement equrpment types within
equrpment classes

| 'T-h'e equipment type fuel share is computed by

HAN, ... = wesbr  ;
EOFS yw TOTEWTN, ., IfTO7EW77qu_,,',>O (14)
EQFSHAN,gss,= ©  * . otherwise -
i EQFSH = v.osl.r , i . 0
o RR’“"’ TOTEWTR, o, mE'”"’-""f : (15) -
EQFSHRR,e0;, = 0 , otherwise '
where,
Energy lntormatron Administration
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h EQFSHRN,GS br is the new equrpment type fuel share by year burldrng type, and
| Census Division.
EQFSHRFl’m pr isthe replacement equrpment type fuel share by year burldlng type ‘

and Census Dwrsron

: Thls value is multrplred by the market share of the equrpment typeto yleld the new market
share for the equrpment type. The relatronshrp |s expressed as, - ’

REQTSHR, ., :—-"EQFS_HRR;;“,,,” S (17
where . ‘ ' o 7
NEQTSHRmJ,, is the new market share for the new’ equrpment type by year
Housing type; and Census Division. . .
REQTSHR, ., is the new.market. share forthe replacement equrpment type by year, '

housing type, and Census Drvrsron

The welghted average equrpment effrcrencres for the equrpment types wrthln each
- equrpment class are then computed as, '

(18) -

e
WIEQCE  yagtr = E:NEQTSH o ﬁgNEQTSHR’f”’>°

I
WIEQCEFF Py cann = “2 EQTSHR_‘,:,,, Y AR Rea® (1)

~ where,

!
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WTEQCEFFNyeg b , is the welghted average effrcrency of new equrpment type within
C each equipment class by year, housing type, and Census -
. Dwrsnon . '

i

WTEQCEFFR egbi IS the welghted average efficiency of replacement equrpment'
types within each equ:pment class by year, housing type, and

" Census Division.

Apphance Stock Component
The appliance stock component tracks - the major energy-consumlng ‘equipment- by ‘
housing vnntage ‘and equrpment vrntage for additions, replacements and surviving
. equipment.

Table 5 depicts the equrpment accounting methodology For srmphcuty, this. dlscussron

omits the details of the vanable subscnpts which is explained later. The equupment -

'accountlng system partitions equipment into two major categorles depending on the
vintage of the housrng unit: equipment lnstalled in housing units bunlt before 1994 (at the
beginning of a miodel run) and equrpment -added to new housing units (those added
during the model run), Equipment is further partitioned ‘into three additional
survival/replacement categories: equipment that survives, equipment purchased to replace
" other equipment and equipment'purchased for new conetruction The categorization' of

equipment by housmg vintage and survrvlng/replacement type results in six categones of .

equipment that are tracked.

The equipment categorie; for pre-1994 housing units are:
EQCESE denotes the survlving pre-1994 equipment stock in pre-1994 homes,
- EQCSR90 represents equipment stock in pre-1994 homes that has been replaced ‘
" after 1993 and that still survives, and - .
EQCRP90 is current-year replacement equipment for pre-1994 housmg. ‘
Note: EQCNDSO0 is the sum of EQCESE, EQCSR90 and EQCRPS0.
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. Table'5. Heating Equipment, UEC-and Housing Shell Accounting Scheme

Housing Units that o Housing Units Added
_ ‘Existed in 1993 . From1993 through 2015
Tqurpment — UEC . Shell - Equipment UEC — Shell

EQCRPSO EQCRUEC EHSHELL

EQCSR90 |EQCAUEC EHSHELL -,

-

| EQCADD |EQCNUEC . NHSHELL
EQCEEP | EQCNUEC  AHSHELL.

EQCESE .| EQCSUEC - EHSHELL o o
8 ; S ' EQCSUR. | EQCAUEC AHSHELL . -

' The equrpment categorres for post-1 993 housmg units are: _
EQCSUR denotes equipment that has. been modeled as added and stil survives,
EQCREP is equipment that has been modeied as added and rs in" need of
replacement in the current year, and _ , '
" EQCADD i is equrpment for housrng umts added m the current year

| A Umt energy consumpt:on (UEC) is tracked for equrpment added by category of

housing unit: S . B

EQCUEC is the average UEC for the ongmal 1993 equrpment in housrng unlts that
existed in 1993, o | |
'EQCSUEC.is the average UEC for survrvrng equrpment in pre-1994 housrng units,
EQCAUEC is the average UEC for surviving equrpment rn post-1994 housing units,
EQCRUEO isthe UEC for all equrpment added'in the current year to replace pre—1 994
' equrpment and
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vy oy

EQCNUEC is the UEC for all equrpment added in the current year for post-1993
homes

Shell indices are modeled for three categories of housing units:
' . EHSHELL is the shell index’ apphcable to pre-1994 housing units,
' _AHSHELL is the shell rndex appllcable to houslng units added rn all but the current
year, and L . '
NHSHELL is the shell index for’ housrng units added in the current year

For example; in accOunting for the, heatinQ energy consumption of surviving equipment .
lnstalled in pre-1994 housmg untts, the equlpment stock, HTESE would be. multrplred by
the unrt energy consumptron HTUEC, ‘and by the shell index EHSHELL This explanation

'was desrgned to account for heatrng equrpment .but the accountrng principle is used
throughout the resrdentlal module. For the pre-1994. housmg ‘example above, ‘the

appropnate space coohng variables would be CLESE, CLUEC and ECSHELL. The shell

indices apply only to heating and cooling,. thus, for example for refngeratron the-t '

accountlng requrres only RFESE and RFUEC.

-The housrng decay rate is used in conjunctton wrth the equrpment survival rate to
detenmne the number of equxpment units that survuve/retrre each year in the forecast. A -
__Ilnear function-is used to.model the retirement of equrpment after a minimum age is
reached up to its- maximum age. The Iine_ar'functiOn is expressed by, o

SVATE,,., =10 L Fy-tsbly
SVRTE, i - ey R RS (20)
' SVATE,.,, [: = 00 o Fyte Ly
where, : a
= L SVHTE ok

is the equrpment survrval functlon
y-t is the age of the equrpment
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L. o is the mrnlmum equrpment lrfetlme in years, and
L. . IS the maximium equrpment lrfetrme in years

: Equrpment in post-1993 (new) houses is the product of the number of new houses and
themarket share of each equipment class. This is expressed as,. e
) EQCADD, o,,,, HSEADD ;% SHARESN,o,,© . (22
where, I u, o R

EQCADD viegbr is the number of post-1993 vrntage equrpment umts added to new

) . ' _houses by forecast year, housrng type and Census Division,
‘ _HSEADI_.')M,," . is the number of new housing units constructed in the. forecast year
- by housrng type and Census Dlvrsron to

SHARESN v ea.r _rs the current year market share for each equrpment class by.
housrng type and Census Dwrsron

A}

The survnvrng post-1 993 vmtage equrpment in pre-1994 houses is computed as,

i

Eacsmo,m} r% ¢ 1:'acrzl=9om,,,,,r x SVRTE, sumintmex x HDRY'Y (23)

where, .
EQCSRY0,,,,, is the equipment stock in 'pre-1994 homes that has been replaced ‘
) after 1993 and strll survrves by housrng type and Census Division, - -
is the number of replacement (post1993 vrntage) equrpment units
demanded each year in’ pre-1994 houses by housmg type and

EQCRPI0,,,,
Census Division, _
\ CSWATE...i. . . - »:
, rs the equipment survrval functlon, .
HDR, ' ts the housmg survrval rate by housrng type and o
Lyt represents the age of the equrpment

' Energy lnformatlon Admmlstratlon
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The total amount of pre-1 994 eqi:ip'ment in pre-1 994 houses is computed ast

EGONDI0,,5,, ™. Eacsss,mm, « HDR, ,Fy=1888 . o5

, EQCNDQO,W Eacrvneo,_, b % HDR,, .}f‘;>1993_
wheré, : :
EQCNDQ ) ogr is the fotal- amount of equnpment in pre-1994 houses by year,
T ) eqUIpment class, housmg type and ‘Census Dlvrsron ' ~
I:',QCESE;,QQ_,;,,,Q,,?, . is the stock of equrpment in 1993 by equrpment class housmg
_ | " type and Census Division, | S
HDR, _ ' is the hous_!ng survival rate by housing type. '

For replacement units- (post 1993) equiprnenr required for pre-1994: single-fami_ly homes
in the current year technology switchirig is allowed. The number of homes that may syvitch
*in each equrpment class is calculated as ' ' '

: RPSHARE,,WA, e m'sms,,,, + ATSWEETAsgee’*( LFCY,appusy ~ CAPITALgagy + FETAlL g + mscos-rw)gzs) ;

%4

Sum to find the toial'ndm_ber of switches.
TOTSH,,,= 3.  RPSHARE,sonss S (27)

Fmally, divide the numiber of swrtches in each equrpment class by the total number of
switches (if > 0) to calculate the share of replacément equrpment whrch may swutch

RPSHAHE,WM
TOTSH, 5,
RPS{-IARE,M,,,;,=O T ,otherwise.

RPSHAHEW,',W

where, .
F?PSHARE},, egswpr N Figure 1 is the number that will switch to equrpment class egsw
- on replacement by year housing type and Census Division,

o Energy Information Administration
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RPSHAREMW# r in Frgure 1is the share that will swrtch to equrpment class egsw .
T on replacement by year housrng type, and Census Division,
t RTSWBIASW‘ . is the consumer preference parameter for swrtchrng to this
o ~equrpment class '
RTSWBETA,g, * .is the parameter value for the samé ft, |
: LFCY,,M brv is the hfecycle cost of the-equipment type swrtchrng to (essw) by
, . . year, building type, region ,'and vintage, -
CAPITALM | is'the orrglnal equrpment type cost (based on calhng EQCOST
R - with RTEQCOSTW) which is subtracted from the In‘ecycle cost
. for replacements ’

‘RETAL .oy - ‘lS the retarl equrpment type cost (based on calling EQCOST with
' ‘ RTRECOSTW) which s added to the -fifecycle “cost” for
o . replacements, o : : ;oo

RPII\'ISCO’ST%W is the cost of swrtchrng trom equrpment class eg to egsw on ‘
| -’ _'swrtchrng, and- o ‘

TOTSH,,Q,, is the total number of homes that wrll swrtch space heater :
' technologres ' ‘ '

_ Replacement units (post-1 993) equrpment requxred for pre-1 994 homes ln the current year
for srngle—famlly homes where swrtchrng is allowed are calculated as,

Eacapso,m,,,, E RETIRED, ., *FIPSHARE — RPSWFAOT (29)
where, - . ,
- EQCRPS0, ., 15 the number of replacement units redulred
S forSingle-tamilypré-1994 houses byfo'recast ‘
, . year, housing type and Census Dlvrsron :
) RETIRED yoger - IS calculated asin Figure 1, EQCRPQO for multn‘amrly and mobile

| ' homes by forecast year, housmg type and Census Division,
. RPSHARE egs‘w is the share that will switch. equipment class (egsw) on
replacement by year housrng type, and Census Division, and

RTSWFACTEQ  isthe fractron who may SW_ltCh -from equipment class eg.
‘) . . N N

. - . Energy Information Administration -
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Post-1 993 replacement umts required for smgle—famlly pre-1 994 homes in the current year
where swrtchmg is not allowed (due to the swrtchrng limit) are calculated as, '

EQCAPS0 w5, = Y. AETIRED, g1, (1 - RPSWFACT ). (30)
.where, ' . : l
| EQCRP90, is the number of replacement units requrred for srngle-famrly pre- .

' -1 994 houses by forecast year, housing type and Census Division,
| RE77RED},;,,'9 by _-rs calculated as in Frgure 1, EQCRP30for multrfamlly and mobile -
' » 'homes by forecast year housrng type and Census Dlvrsron

1-RTSWFACT9_;, ' is the fraction who may not switch from equipment class eg.

N LT

169,08

~ Post-1993 replacement units requrred for pre-1994 multrfamrly -or mobile homes in the
current year are calculated as, . ,

- Eocnpso,w- EQGNDW,W EQOESE, o5, - EQCSA%0,ms, . - (31)

where, \ ' 3 B .

EQ.CHPQ'OMJ,, is the number of replacement " units recjuired for pre-1 994

: ' "multrfamrly -or mobile .homes by forecast year housing type and

Census Division, l :
EQCND90 yegbr is the total equipment requrred for pre~1994 houses by forecast

" year, housing type and. Census - Division (i.e. the sum of
- EQCRPW, EQCSR30 and EQCESE], | ‘
EQCESE,.,,, is the survrvrng pre-1894 vrntage stock of equrpment in pre-1994
I vrntage houses by forecast year housrng type and Census
t Drvrsron and ‘
EQCSRQO eabr is the equrpment stock in pre-1994 homes that has been replaced

. after 1993 and stlll survives by housrng type and Census Drwsron ‘

. Surviving post-1993 equipment, originally purchased as additions of replacements in post-
- 1993 houses; is calculated as, ' ' ‘

Energy Information Administration : ‘
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Eacsun,w z [(EOOADDW 5 EQCREPm,) X svmr:' ;-ttmintree % HDB""] (32), '

where _
' EQCSUR,,,,

- EQCADD, .,
SVATE,1 1 minimas

. HDR,
EQCREP,'

eg.br

. y-t

. For replacement. units (post 1993) equipment required tor\pos't-t 993 single-family homes -
in the current year technology swrtchrng is allowed The share of replacement equrpment f

T

'is the survrvrng post-1 993 equrpment purchased as additions or
- replacements in post-1993 houses by housrng type and Census

Dlvrsron

s the quantity” of post-1993 vrntage equrpment ‘added to post-
1993 houses by forecast year, housing type and Census Drvrsron
is the equrpment survrval functron .
s the housrng sumval rate by housrng type
s the number of equrpment replacements of post-1993 -’

equrpment rn-post-1993 houses, and ‘

E -fepresents the age of the equrpment.

t

- whlch may switch is calculated asin Frgure 1 through Frgure 1.

' 'Replacement umts (post-1993) equrpment required for post-1 993 homes in"the current _

- year for srngle—tamrly homes where swrtchmg is allowed are calculated as,

-where -
EQCREPy

REWRED o

RPSHARE, .

egsw.b.r

RTSWFACT,,

egsw,b,r :

EQCREP,W,,,, z RETIRED, oy, APSHAREE, ot RPSWFACT,, (33)

isthe nurnber of replacement units required for single-tamily post- ‘
1993 houses by forécast year housing type and Census Division,
-is calculated as in Figure 1, "EQCREP for multn‘amlly and mobile

homes by forecast year, housing type and Census Division,

s the share that- ‘will switch equipment .c_lass (egsw) on
replacement by year, housing type, and Census_ Division, and
- is the fraction who may switch from equipment class eg.

I
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Replacement Aunits (post-1993) equrpment requrred for post-1993 Homes in the current
year for smgle-famlly homes where swrtchlng is not-allowed (due to swrtchmg limits).are

' calculated as, ‘ _
' | EQOHEP > ot 2 RETIRED, m,*( 1- BPSWFACT,)\ T (34
. where," ' . .
EQCREP oans - isthe nunber of replacement units required for single-family post-

c : 1993 houses by forecast year, housrng type and Census Drvnsron '
I#EﬂREDm br “. is calculated as in Flgure 1, EQCREP for multlfamlly and mobile .

S homes by forecast year, housrng type and Cerisus Dwrsron
1-RTSWFACT,, is the fraction who .may not swrtch from equipment cla_ss eg.

_The nurnber of survivlng post-1993 equipment units is deducted from total demanded :
equrpment |n post-1993 houses to yield- the number “of replacements ot .post-1993
equnpment in post-1993 multifamily and mobile homes: )

" EQCREP, g5, = z (anADDm, x HDRYY) - EQCSU R )

'where, \ _
: EQCREPW s isthe number of equipment _replacements- of post-1‘993 equipment in
' - . post-1983 multifamily and-mobile houses, Co
‘HDFI,, is the housing survival rate by housrng type,
.EQCSUR, o, is the surviving post-1993 equrpment purchased as addltlons or
' replacement in postf1993 .houses by housing type and Census
, Division, | B '
EQCADD,,,, s the quantity of post-1993 vmtage equrpment added to post-1 993 _
' ' . houses by forecast year, housing type and Census Division, = T
yt . ) represents the age of the equipment. '

Shell Integrity COmponent A )
" The shell mtegrrty component uses three indices to capture the increases in the energy
efficiency of building shells over time: One mdex corresponds to the pre-1994 housing

. Energy information: Admmrstraﬁon .- o
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stock, and two indices correspond to the'post-l 993 stock, one for housing constructed

. inthe current year and the other for the average post-1 993 stock. The shell indices are

adjusted each yearto account for fuel price increases (decreases have no effect on shell -
lntegrrty i.e., shell effrcrency lncreases as pnce increases) and technology rmprovements

An rmportant part of shell rntegrlty is. the quallty of wrndows ln the Energy Polrcy Act,
- there are ‘regulations that -require that all new windows be labeled wrth an index that
descnbes their insulation propertres These: regulations wrll be phased in overa period of
. years, begrnnrng in- 1995 . The resrdentral module evaluates the |mpacts of these

regulations by means of-an annual rnput vanable EPWINPCT, that gives the proportlon

- of exrstmg houses expected to be subject to- wmdow labellng This quantity, -when

multlplied by the fractron of heat savmgs expected to be afforded by labeled wrndows
currently set at 08 glves the expected ‘savings rate due to wrndow labelrng, EPACTH

".as,

where

PRIDEL TA, r

psTEP

PRICES,,,

PRICES, 1505

- PRIDELTA; =

1

. . “The first step'in the algorithrn calculates the percentage price change for all heating fuels

PRICES;, - PRICES;ess . 1. (3g)-
 PRICES;; = PSTEP

“is the percentage change rn prlce trom the base year by fuel and
'~Census DlVlSlon converted to 5 percentage pornt increments,

'." isa constant that IS setto O 05 to convert the percentage change in

fuel price to the number of 5 percentage point rncrements of price
'change

s the fuel price by fuel, Census Drvrsron and year and

is the 1993 (base year) fuel pn_ce by fuel and Cens_us Dlvision.-

The existing housing heating _shell index is calculated as,
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. EHSHELL,;, = EHSHELL, ., = BN |, If EHSHELL,, > EHS,
| EHSHELL,, = LMT - - SR o If EHSHELL, = LMI. - -
EHSHELL,,, = (1. - PRIDELTA,, x SSTEP) x 7ECHG x (1. - EPAcm, B otmnwse '

(87)

where -
EHSHELL,,, is the shell mtegnty rndex for exlstlng housrng by year fuel and Census _
Division, o _ ' : |
: LIMIT limits the maximun ‘shell. index efﬁcxency to0.0.6 (i.e., maxrmum sheﬂ_
efficiency is Irmlted to a 40-percent lmprovement on the base year‘
_ | value), and- ) :
- SSTEP  is set t0 0.01 and is'a component of the shell elastlcrty with respect to

heatlng fuel price, , . ) .
TECHG, is a parameter that represents the annual increase in exnstlng shell .
_ rntegnty due’ to technology improvements, and.
"EPACTH, is the pro;ected national fractional savings m heatmg energy
, B consumption from the EPACT window labeling program in year y, from
, | the RMISC file.

, PSTEP converts the percentage change in price to the number of 5 percentage poxnt |

increments of pnce change |n Equatron Flgure 1. In equation Frgure 1, PRIDELTA is

multrphed by SSTEP and converted to the shell eﬁ:crency index. Every 5 percentage ponnt
: 'mcrease in fuel price relative to the base year results ina shell efficiency index decrease .

'of 1 percentage point of the base year shell eﬁrcnency up to the limit of 0. 6

" “The new housing heating shell index is calculated as, ‘ . .
NHSHELL,,, = NHSHELL,,, SR , if NHSHELL,,, > NHSHELL ., .
" NHSHELL,,, = LIMIT o , i NHSHELL,,, < LIMIT  (38) -
© NHSHELL,,, = NHSHELL sy, ' | -
: - (7-1) x TEGHG + PRIDELTA,, x SSTEP. -, otharwiss

‘where,

, Energy information Admtmstratlon )
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NHSHELL,,
. TECHG,
' PRIDELTA,

SSTEP. -

-is the new housrng umts shell rntegrrty index by year tuel and E ‘
.Census Drvrsron N

rs a parameter that represents the annual increase in new. shell
rntegnty due to technology improvements, )

is the percent change in price of the :fuel by Census Drvrsron in5 .
percentage point increments, '

\ | is set 0 0.01 and i isa component of the shell elastrcrty with respect

to heatmg fuel pnce

!

The average post—1993 housrng heatmg shell rndex is calculated as,

; .@MSHE,_LM Ez{;vysHELLy,,xEOCADD W+AHSHELL, +4rx(EQCREP, M+Eocsun,m_,,,)1
Ez;[sac W+Eacns W*EQCSU oatd
where, .- L : .
‘ AHSHELL”,-,'I is the average post-1993 heatrng -shell mdex by .year, fuel and
| : Census Division, equal to 1in 1993 ‘
NHSHELL',;,,.'. . is the new housrng umts shell mtegrrty index’ by year fuel and
_ o Census Drvrsron o P _
' EQCADD ) ogbr s the number of equrpment units rnstalled in new constructron byv
’ forecast year, housing type and Census Drvusron
EQCREP yeghs is the number-of equrpment replacements of post-1 993 equipment in
L post-1993 houses, and ‘ ’ .
EQCSUR viegbr s the surviving post-1993 equrpment purchased as addltrons or

replacement in post-1 993 houses by forecast year, housrng type and -
Census Division.

S~

In addition to the calculation shown above ‘the modulevplaces two additional restrictions

upon AHSHELL,, it may never rncrease and it must not fall below LIMIT. ¥ ever . |

AHSHELLy is calculated to increase, its value is set to the prror year’s value if it falls
below LIMIT it is set equal to LIMIT '
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Consumption and ur:'c COmponent R K
Final end-use fuel consumption is determined by the fuels demanded by the equrpment a
to provrde households with.the demanded services. For each equipment class, the UEC

for new equrpment replacement equrpment and the average of all equipment - is
i computed New equrpment UEC values are catculated ast '

EQCNUEG, o35, = - EQOUEC, g5 * WTEQCEFFN, ;. x RTBASEFﬁmN r
' x HDDFACT x soFTADJm, ©, if WIEQCEFFN ;55 >0 -

EQCNUEC, ,,, = EQCUEG, g  HDDFACT, x SQFTADY,5, - -. ,atherwiss 0
.where, . o
EQCNUEC, .,  is the unit energy -consurhption \for.new-equipment by forecast .
' year housmg type and Census Division,
' WTEQCEFFN heg bir is the equrpment class effrclency weighted by the market share
of the specific equipment as computed-in the logistic function in
the'technotogy choice component by housing type .and Census

: . Division, ) r
RTBA.SEFF,meg _ ’rs the 1993 stock-average effrcrency of the-equipment class,
EQCUEC, .y is unit energy consumptlon for orrgrnal 1993 stock of the

o equrpment class by Census Drvrsron and housing type,
' HDDFA,CT, . is the heating degree day adjustment tactor by Census Drvrsron

to correct for the unusually warm weather “during the RECS.

: _ survey year and
'SQFI'ADJ,' br s the adjustment tor lncreasmg floor area, of new houses

Replacement equipment UEC values are calculated as:

EQCRUEC, x5, = EQCUEC, g5 WTEQCEFFR, o5y, |
% nmssr-'ﬁm,, x HDDFACT , if WIEQCEFFR, o, > 0 (4'1)

EQCAUEC, o, = EQCUEC,, x HDDFACT, ., omérwrse
where,

. Energy Information Administration ’ . :
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' EQCI#UEGZQJ,',_ ‘is the umt energy consumptron for replacement equrpment by
I ‘ housmg type and Census Division, o ,

E’T_BA_SEFF,S,,S,Qeg ~ isthe efflclency of the welghted average of retmng units from the

' 1993 existing stock, and . : |

' WTEQCEFFR is the. replacement equrpment efflcrency welghted by the market

eg.b,r
- share. of the specmc equrpment as computed in. the logistic

functlon in the technology chonce component by housmg type and

Census Dwrsron : B L

. And the UEC for: the survrvmg stock must be adjusted according to: ‘
ATBASEFFpy ).

| Eocsusc, gt = Eocuec,,,,, « HDDFACT, ATBASEFF, .
where, L , t ,
EQCSUEC veabr 15 the average umt energy consumption of the ongrnal 1993 .

equrpment stock. that remalns after the replacements have taken
place ' '

The average UEC for all equrpment is calculated as: .
EQCAUEC, oy, = EQCNUEC, ogr % HDDFACT S ify-1883
' EQCAUEC, _anlvuscm,,, S s T if the equipment stock
' EQCHPSDWxEQCRUEOm, o L 49
.+ (EQOREP,o;,, + EQCADD, ;) x EQCNUEC, o5, L
+ (EQCSR90, o, + EQCSUR, gy5,) x EQCAUEC, 155,

EC, ogte =
FQCAUE yoase = EQUAPS0,cq5; + EQCREP, o, + EQCADD,
‘ 4 Eacsnsom,,, + Eacsun,m,

, otherwise

The final step of this algonthm is to calculate consumptron for the service category Thls
is accompllshed in two steps. The first year of the forecast is computed 1n|trally as,

' - EQCESE, o, x EQCUEC 35, x EHSHELL,,, PRICES,,,
H’ﬂ?OON A 22 + EQCADD, o ,anCNUEC : eahr xNHSHELLy o (44)
¢ PHIOES, Ttr

- EQCRPQO,m,x EQCNUEC, WxEHSHELL,

' and subsequent consumptlon as,

! Energy lnfonnat!on Admimstratron .
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EQCESE, oy, EQCUEC, < EHSH
-+ EQCADD, 5, x EQCNUEC, gy, % NHSHELL,,, xRBN, o5,
+EQCRPY0, ,,,,,xsacnusc WEHSHELL,,,, xRBRqur

+EOCHEP,,,J, ,xsacwuecm,,xAHSH anN

"H77.?G'ON Wfir 22

’

where, '

a - sthe short-term ori_ce elasticity, present!y valued at‘.15.’A

+EQOSUR,WEQCAUEG,M,><AHSHELL”, xHBAyw ).

it

PRICES,,,

PHICES

()45)

Here, there isa new concept called the “rebound effec » that accounts for.the fact.that
increasing equipment efficiency for a particular, equrpment class causes a corresponding .
change in the price elasticity for the class. Three variables represent thrs eﬁect

RBA, o5, = MEacEFFA,w x nmssr-'r-*‘m,

RBR, o4, = WTEQGEFFR egbir ¥ R7BASE'FF‘m
RBN, o5, - WrEaCEFFN, e % RmAssFF‘m
where, |
. RBAyng, IS the rebound effect factor for survrvrng equipment,
RER yiegbir
RBN, ;. is the rebound effect factor for new equipment.

3 . - -

'Energy Information Administration
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is the rebound effect factor for replacement equrpment and‘
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Appendix A: Data Sources and Inﬁut>l=arameters |

The Techriology Choice Component requires extensive data describing“ end-use o
téchnologies Equibment costs, ef'ficien‘cy levels, and other characteristics are specified
for all the technolog:es mcluded in the menu of chorces These data are drawn from
_numerous sources including Lawrence Berkeley Laboratory- (LBL)1 Arthur_ D. "Little
(ADL)?, Gas Research Institute (GFll)3 Electric Power Research lnstrtute -(EPRI)*, Gas
Applrance Manufacturmg Assocra’uon (GAMA)s Association of Home Applrance
‘ Manufacturers (AHAM), and the Air Condrtronlng and Refngeratron lnstrtute (ARI)°.

The alp'habetieal index, found in Appendix I, lists all of the module variables with page

numbers for their defrnmons and dimensions. The variable names shown in this manual -

correspond to the vanable names used in the FORTRAN source code of the Resrdentral.
Sector Demand Module. ‘

. The remaining iext_of Appendix A describes the input 'dala sources for the variables '
presented in Tables A-1 and A-2 where applicable information is available.

' Lawrence Barkeley Laboratory, 'Energy Daia Sourcebook forihe U.S. Residential Sector,' Berl.cele_y, CA, May, 1997.
2 Arlhur D, Little, 'EIA Technology Foracast Updates,” Referance Number 41615, 1995.
3 Gas Researeh lnstrtute *Bassline Projechon Data Book.' Lexmgton, MA, 1990

* Electric Power Research Institute, "Draft Model Dooumentatron for Resrdenhal End-use Energy Planmng System (REEPS),
Version 2.0 Palo Alto, CA, 1990.

' ) ® Gas Applianoe Manufacturers Assoorahon, 'Consumers Drrectory for Cemﬁed Efﬁaency Ratmgs, Arlington, VA, 1984,

H

® Air Conditioning and Refngerauon Insmute *Directory of Cerhﬁed Coolmg Equipment,* Arlrr@on, VA, 1994,

Energy Informatron Administration . - :
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' Resid'ential'Demand llllodule lhput Data Files"

3 Resrdenhal Eqmpment Rehrement Fractions for 1993 Equrpment

Defrmtlon., 'Retlrement fractions for each of the 29resrdentral Equlpment classes in for
A all forecast years. - l
| Unrts « Dlmensronless (umts retired to datefumts extant in 1993)
. Sou‘rce:' Results from vmtagmg models developed based on shrpment data
. Shipment dafa from vanous sources lncludlng AHAM GAMA ARI,. LBL. "
“File:.  ‘RSRETO1L. R -
.Comments Values in this table give the fraction of 1993 stocks of equrpment expected

to be retired as of each year. “They are calculated in an extemal FORTRAN
program that vmtages eﬁ:crencres from the shlpment data. Program reads

all years.
_ Sequence of Equrpment Classes _ . . o
- . Electric Furnace Nat Gas Heat Pump Water Heat Dist.
Electric l;leat Pump Room Air Cond ' ~ Water Heat LPG

Gas Furnace - . Central Air Cond . -Cooking Nat Gas
Gas Borl/Radlator Electric HeatPump -  -Cooking LPG
Keroserie Fumace . Geotherm Heat Pump . Cooking Electric

LPG Furnace Nat Gas Heat Pump . - ,‘Dry'ers‘Nat Gas

. Distill Furnace Clothes Washers . Dryers Electric "
-Dlstill Other - - ‘ Dishwashers. - Refrlgerators '
Wood Stoves " . Water Heat NatGas - - Freezefs

Geotherm Heat Pump 5

Watér Heat Electric.

/

Variables: - EQCRET,,, .

hY

Residential Floor Areas by Builcﬁng Type, Year and br'visidn.

‘ Energy lnformatlon Admlmstratlon
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~
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Average of floor space in residential _bu'ildings in each of 3 house types, for

" Definition:
| . each division; from 1990-2020.
Units; -  Square feet ' o
Source: --RECS and Census C25 data series.

~ File:- : RSSQRFT ' -
Comments: Values after the last data year are held constant at that value Data are
‘ | used to adrust heating, coolrng, and lrghtrng loads |
Variables:, . sanr-'oor '
Residential Existing Eqmpment
Definition:  Stock of all equrpment types for all end-uses in the base year wrthrn each

_' " . building typé in each Census Division. ‘

Units: Number of units. o o
Source: . EIA Aggregatron from the Resrdentral Energy Consumptron Survey 1993,
' DOE—EIA-0321(93) . ,
File: RSEQPS3. . < . - - _
Comments: ‘Each value in the body of the table represents aggregated values from the

Residential Energy Consumptron Survey 1993. Frrst the census data were

aggregated to determine the number of households in each Census Division

" -of each building type that use the desrgnated equipment class

Equrpment Classes lncluded .
Electric Fumace - Nat Gas Heat Pump Water Heaters Distill

. Electric Heat Pump Room Air Conditioner ~ Water Heaters LPG
Gas Fumace Central Air Conditioner  Cooking Nat Gas
Gas Boil/Radiator " -Electric Heat Pump - Cooking'LPG
Kerosene Furnace = Geotherm Heat Pump . Cooking Electric

. LPG Fumace -’ ~ - Nat Gas Heat Pump Dryers Nat Gas
Distill Furnace . Clothes Washers 'Dryers Electric
Distill Other- , " Dishwashers - Refrigerators
Wood Stoves  Water Heaters Nat Gas  Freezers

Geotherm Heat Pump ‘ Water Heaters Electric

_ Varrables.'

EQCESE,, _

Energy Information Admmrstratron ' :
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- Resrdenhal Retired Equ:pment Efficiencies of 1993 stock
Definition: Ftetmng efficiencies for each of the 29 resrdentral equipment classes in-

A

. . forecasted years _
.Unitsi Drmensronless (energy out/energy in) except ref frz, stoves
Source: Results from- vintaging models developed -based on shrpment data. .

. | -_"Shrpment data from various sources rncludrng AHAM GAMA ARI; LBL.
File: '_ RSEFFO01. " o
Commenits: 'Values in this table give the average efﬁcrencres of equrpment expected to

' _be retired in each year They aré calculated in an extemal FORTRAN
"program that vmtages efficiencies from the shlpment data
Equipment cl_asses included: ~ . ‘
' Electric Fumace Nat Gas’lHeat Pump  Water Heaters Distill .

Electric Heat Pump Room Air Conditioner - - Water Heaters LPG
.Gas Fumace - . -Central Air Conditioner .Cooking Nat Gas -
Gas Boil/Radiator ~ °  Electric Heat Pump .. . Cooking LPG
Kerosene Furnace ~ . Geotherm Heat Pump ~ Cooking Electric -
LPG Furnace . - NatGasHeatPump  Dryers Nat Gas
_ Distill Fumace S Clothes Washers - Dryers Electric
* Distill Other "~ Dishwashers - = Refrigerators
Wood Stoves - Water Heaters Nat Gas ~ Freezers

Geotherm Heat Pump’ Water Heaters Electnc

\iariables: 'EQCEFF};, w L

Residential Umt COnsumptron of Energy ‘ :
- Definition: - Unit Energy Consumptron {UEC) for all. Resrdentlal equrpment classes and
S 'burldmg types in each Census: Drvrsron Here, the equrpment classes include
the 29 major classes plus lighting,- fumace fans ‘color televrsons, personal
. .. computers .7 secondary heater types, and 4 appliance types.
~ Units: Classes 1-29: MMBtu/unit/yr; classes 30-44 MMBtu/household/yr
Souroe:_ - ElA, Residential Energy Consumptlon Survey 1993 DOE ElA-0321 (93).
File: RSUEC10.

L ‘ Energy Informa’aon Administration’ '
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, Comments* Each value in the body of ‘the table represents the annual energy
' consumption of a srngle unit of the glven type in the grven building type in

the given Census drwsnon in 1993

Equnpment Classes Included:

Space Heatmg
Space Heating:
Space Heating:

Space Heating:

‘Space Heating:

- Space Heating:
Space Heating:
‘Space Heating:
Space Heating:

- Space Heating:
", Space Heating:
Space Cooling:
Space Cooling:
Space Cooling:
Space Cooling:

" Space Cooling:

"Elec Fumace

Elec Heat Pump . -

Gas Furnace
Gas Boiler/Rad
Kero Furnace
LPG Fumace
Dist Furnace
Dist Other
Wood Stoves
Geothermal HP
Natural Gas HP
Room Air Cond

Cent Air Cond

Elec Cool Pump
Geo Cool Pump

Nat G Cool Pump |

- Clothes Washers

. Dishwashers

Water Heater: Natural Gas™
Water Heater: EL '
Water Heater: Distillate

. Water Heater: LPG

Variables:

‘ r

E.QCUECr,egp |

', Copking Natural Gas

Cooking: LPG
Cooking: Electric

Drying: Natural Gas

"Drying: Electric -

Refrigeration
Freezing
Lighting -
Fumace Fans.

" Color Televisions

Personal Computers

Electric Appliances
Secondary Heater: Natural Gas
Secondary Heater: Electric |
Secondary Heater: Distillate
Secondary Heater: LPG
Secondary Heater: Kerosene

- Secondary Heater: ‘Coal

Secondary Heater: Wood
Appliance:Natural Gas
Appliance: LPG
Appliance: Distillate

Resrdenhal Heating Equ:pment Shares for New Equ:pment

- Definition:

.Market share of general space heatmg equipment for new homes in the

‘base year. Gives the share of each equipment class by burldm_g type.and
Census Division. S D :

Units:
Source: -

‘Fraction of purchases
Bureau of the Census C25 data, as descnbed in Charactenstlcs of New L

.Housing: 1993, C25/93-A. ‘_

. Energy Information Administration . ‘
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File:
" Comments:

Equrpment Classes lncluded _ _
Electric Fumace . -~ -+ Distilate Fumace . . .

"RSHTSHR A

«

Shares of heatrng equrpment classes in-new homes Each value in the. body .
of the table represents a fraction of aggregated values from the C25

' database First, the Census data were aggregated to determine the number '
~ of new houses in each Census DlVlSlon of each burldrng type that used the

designated equrpment class These values were divided by the number of -~ .
néw houses in each Census Division and building type. :

Electric Heat Pump * . Distillate Other I
Gas Fumnace .+ . WoodStoves © L
Gas Boiler/Radiator - . - Geothermal Heat Pump '
. Kerosene Fumace .- . - Natural Gas'Heat Pump .
LPG Fumace S - L SR
Variables: . HSYSSHFI,ng br "

'Benchmarlang Data from Short-Term Energy 'Outlook

"De_f_rnrtron.

" Units:
-Source:

File:
Comments:

" RSSTEO. -

Household energy consumption by. fuel and Census Drvrsron for the years_ -

1993,. 1994 1995, 1996, 1997, and 1988."

" Trillion Btu.. .
. Short-Temm lntegrated Forecastmg System 1997Q3 State Energy Data

System, 1994.

4 !

National total energy consumptron by tuel and year comes from STIFS,

o based on history in 1993, 1994 and 1995 through 1998 forecasts These‘

Variables:

‘ forecasts are allocated to Cénsus divisions using SEDS historical data for
- 1994, broken out by fuel and Census dwrsron Calculatrons are in.

spreadsheet STEOQ43F WB1
S7'EOCNy, __

nergy lnformatron Administration
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- Resrdenhal Technolagy Equ:pment CIass Descnphon Fle

. Deflnrtlon
Units:
Source:
File:

Comments:

Technology choice parameters for classes of equrpment
See discussion of individual variables- below
RTECH.WB1

RTEKQL. ,

Each ot the 29 lines of this data file givés_ the important user-modifiable :
'para_metelrs for one equipment class. Used by the 'RDM " for allocating

equipment choice among the individual eq_trip_m‘ent classes.

Variable Descrrptrons

RTCLENDU,,

‘RTCLEQCL,,

" RTCLTYPT,,

End use number. Equrpment classes havrng the same end use compete .
wrth one another. The RDM allocates equrpment among them in the
technology chorce process. : s ro

1=Space Heatlng .
. 2=Space Cooling ‘
3=Clothes Washers -
~ 4=Dishwashers

5=Water Heating

=Cooking }
7=Clothes Drying . o
8=Food Refrigeration A <
. 9=Food Freezing '

Matches RTTYENDU in the RTEKTY frle
Equrpment class number Appears onall records: Matches RWYEQCL
in the RTEKTY file for one or more equrpment types: there are one or

more equrpment types in RTEKTY for each class in RTEKCL.

"Required pomter from equrpment class to a representatrve equrpment

type. This is the only pomter from RTEKCL to RTEKTY. Selects the
equipment type used in the log-lrnear formula for choice of- equrpment :

-class for newly constructed housrng units and replacements in snngle-
.famlly /houses. Its value is the RTEQTYPE,, in RTEKTY “of the

representative eq'ulpmen't.

Energy lnformatlon Admrmstratron . ~ ~ b
NEMS Residential Demand Module Documentatron Report A-7 .



RTCLPNTR,,

~RTCLREPL,,

RTFUEL,,

RTMAJORFeg

/

Class pornter Requrred for end uses 1 through 3 zero otherwrse

If end use = 1: Requrred pointer trom space heater class to assocrated
water Heater class linking water heater fuel chorce to space heater
fuel choice. for newly constructed housrng unlts

lfenduse=2: Requrred pointer trom coolrng heat pump class to same

- Class of heating heat pump
0= Notaheat pump '

- Integer = Heater heat pump class number

If end use = 3 Requlred pomter from water heater class to matchrng
- cooking class linking cookrng ‘fuel choice to water heater tuel choice-
~ for newly constructed housrng unrts Also see RTCLREPL end use -

3 below only natural gas water heaters may pornt to 2 types of
cookstoves - Co

'_Replacement class Requrred for end uses 1 and 3; zero otherwise.
lf end use=1: Flag for replacrng the exrstrng space heater class with a

natural gas forced air space ‘heater at retlrement (sub;ect 10
swrtchrng limits descnbed under GSL).

"lf end use'= 3: Second pornter from natural gas water heater class to

matching cooking class. The model assumes that 65% of new
‘homes with natural gas water heaters have natural gas stoves and
35% have electnc stoves.

Fuel used by this equrpment

: 1-D|strllate

2=LPG .

.~ 3=Natural Gas
. 4=Electricity (wood pnced to electrrcrty)

Kerosene

- Major fuel flag. Used only for end use. 1; zero otherwise. Space heater

" shares for systems usrng major fuels are calculated drﬁerently from

Energy Information Administration
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RTFAN,,

RTBASEFF,,

RTALPHA,,
.RTMINLIF,,,
- RTMAXLIF,,

RTFCBETA,,

'RTFCBIAS,,

RTSWFACT,,
RTSWBETA,,
RTSWBIAS,,

- 'RTCLNAME,,

b

space heater shares for systems using minor fuels. Set to. 1 to indicate

-a major fuel. Set to 0 to indicate a minor fuel..”

Furnace fan flag. - Value of 1 assrgns use of a fumace fan. wrth ‘

o respectrve central heatrng/coolrng technology zero othenmse
. Base effrcrency for this equrpment class. Defined dn‘ferently for different

end uses: o _

End uses -1 ,2,3,5: base ‘efﬁciency for this equiprnent class.
End uses 4,6,7: 1/ base effrcrency for this equrpment class.
Equipment life ou a ‘
Mrnrmum life of this equrpment class (years)

Maxrmum life of this equrpment class (years).

New. home heatrng technology chorce ‘model log lrnear parameter B.
Used only for.end use 1;-zero otherwise. R

New home heatrng technology choice model bias parameter. Used only
for end use 1; zero otherwise. ' ;

~Maximum fraction of single-family homes which may switch away from

this equrpment class on replacement

‘ Replacement technology chorce model log -linear parameter B. Used only -

for srngle—famrly homes.. .
Replacement technology chorce model bias parameter Used only for

~
h ]

srngle famrly homes. -
Unrque name for each equrpment class.

Residential Technology Equipment Type Descnpnon File

Definition:
Units:
Source:
File:
Comments:

Technology choice parameters for types of equrpment

‘See discussion of rndrvrdual variables below. -

FTECH WB1
RTEKTY.

| Each-of the lines of this data ﬁle gl\res the important. user-modifiable

Energy Information Administration 8
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h ' parameters for one equipment type Used 'by‘-the RDM for allocating”

equlpment choice among the rndrvrdual equrpment types

" . Variable Descnptlons

* RTTYENDU,
RTTYEQCL,, -

RTEQTYPE,,

RTINITYR,,
o R77NITYR for a model within a type should be the NEMS base year

RTLASTYR,,

RTTYPNTR,,

A-10

End Use number asin RTEKCL Matches RTCLENDU in the RTEKCL

file.- .- . :
. Equlpment class for thls equrpment type MUST match aclass number,

RTCLEQCL ln the RTEKCL file.

‘Equrpment type number Each equrpment class may include multlple

types Each equipment type may have up to one record for. each year

of the forecast. period. DO NOT overlap years. The user may add
a equrpment types to existing classes. When addi ing new types, update

the type numbers for the rest. of that end use; also adjust the .

RTTYPNTR pornter for cooling and the RTCLTYPT pornter in the . -
RTEKCL file for heatlng If addrng heat pump types, add same type to

both space heatmg and space cooling and adjust pointers.
Initial calendar year for this model of thrs equrpment type. The first

(1993) subsequent initial years for a modél must be. prevrous \
RTLASTYR +1 ' ‘

: Last calendar year for thrs model of thrs equrpment type Must greater
- than or equal to RTINITYR for thls model; final RTLASTYR should be -
" the last year of the forecast period (201 5) .
g Requrred pornter from coolrng heat pump type to same type of heatlng
‘heat pump Also used as a ﬂag to mark room alr condrtloners and -
~ central air condrtloners Used by end use 2 only, Zero othenmse Modrfy
- as follows only if heat pumps added

-1 = Room air conditioner
0 = Central air condmoner (not heat pump) .
Other lnteger = Matchmg heater heat pump type number .

: Energy lnformatlon Admmrstratron
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LOADADJ,,

RTEQEFF,,

RTEQCOST,, '
RTRECOST,,

RTMATURE,, |
' © ‘MATURE' = No further cost reductrons expected use above constants

RTCOSTP,,

RTCOSTP2,

-RTCOSTP3,,

. Proportron of hot water heatlng load atfected by eﬁlclency galns is end- |

uses 3 and 4,

_’ ,Defmed differently tor dn‘ferent end uses
' Ifend use = 1,23, 4,5,7: Equipment type efficiency (AFUE COP, etc.).

If end use = 6,8,9: Energy consumptron for prototypical models (e g.,

annual Kwh consumption for 18 cu - retngerators)

: lnstalled‘caprtal cost in $1991 per unit for new homes.

Retail capital cost in, $1‘9§0 per unit for replacements.
Technology matunty description. ' '

for installed wholesale and retall capital costs.

" ‘ADOLESCENT = Main cost reductlons occurred before’ base year

(1992) function EQCOSTreduces mstalled ‘wholesale and retail capital -
cost wrth 1992 (or first year of avarlabllrty) as the-inflection point.

INFANT = All cost reductions expected after first year of availability;
fundtion EQCOSTreduces installed wholesale and retall caprtal costwith -
the mﬂectlon pornt in the future

M ‘MATURE’ technology, not used.

If ‘ADOLESCENT’ technology, representatrve year cost decllne began -

R\ in code).
- If INFANT techinology, year of lntlectron of cost trend {y, in code)
I ‘MATURE’ technology, not used." :

I ‘ADOLESCENT’ or ‘INFANT. technology, logrstlc curve shape'

‘ parameter (gamma in code).

If MATURE technology, not used. ) . :
I ‘ADOLESCENT technology, total possrble proportronal declme in
equipment cost from Yo onward (d in: code).

f ‘lNFANT’ technology, total possnble proportlonal declrne in equrpment

cost from y1 onward (din code)

Energy lnfpnnation Administration
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'RTECBTAT,,
- RTECBTAZ,
'~ RTECBTAS,
RTECBIAS,,

RTTYNAME,,

Efficiency choice mode! log- Jinear parameter B;, weights. capital cost.
Eﬁrclency chorce model Iog-hnear parameter B,, weights fuel cost.
Efficiency chorce model log-hnear parameter B,, weights life cycle cost.
Eﬂrcrency choice model consumer preference log-hnear parameter fits -
current market shares to shlpment data '
Unlque name for each equrpment type Do not modn‘y emstlng names

Add unique names for new types.

/

Mrscellaneous Resrdentral Module lnputs

D.etrnrtron.

 Units:

. sourcei”
File: 4

, Cornm'ents:

Variables:
* HDR,
' E H ;993,trx

RACSAT,,

CACSAT,,

- CACFPR.
© FRZSAT,,

ELDRYFPR,,

A-12

_.Thls file supplies a number ot tables that defme parameters for the
; RDM Each of the tables is drscussed rndrvrdually below ‘
. Discussed for each variable. . - - '

“User Options. - .

RMISC.. -

These tables are all read hne—by-hne in the logic of the RDM The shape
of each is read by the logrc that reads the data. '

L Housrng Demolrtron Rates by’ Burldlng Type o

Existing Houses in 1993 by Burldlng Type and Census Dwrsnon (Wlth,‘

“Totals).

New Room Air Condrtloner Saturatron Level by Burldlng Type and,

" Census Division.
New Central ‘Air Condltloner Saturatron Level by Burldlng Type and o

Census Division.

o Central AC Penetratron Rate by Census Drvrslon @ +x)
. New Home Freezer Saturatron Level by Building Type and Census'
.Drvrsron

A}

‘Electrlc Dryer Penetratlon Rate by Burldlng Type and Census Dlvrsron
(1 +x/ 20) ' '

Energy. Informatlon Admlmstratron '
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'SLSHR,,
NEWSLSHR, -
RENSHR, -

- SHTSHR,, - .
NHSHELL g5,

NCSHELL 5,
HDDADJ,,
CDDADJ,,;
EPWINPCT,

Solar Water Heatlng Share by Census Division. _

New Solar Water Heatlng Share by Census Division. ’

Share of Total Photovoltalc Electnolty Consumptlon AIlocated to each
Census Division. | ‘

Secondary Heatmg Share by Fuel and Census Drvrsron

New Heating Shell lndlces by Fuel and Census Drvrsron (Frrst Year

'Only) . . .
'New Cooling Shell lndlces by Census Dlwsron (First Year Only)
- Heating Degree Days by Census Drv:sron and Year (1997 is 1997 on)

Coolmg Degree Days.by Census Dwrsron and Year (1997 is 1997 on).
Fraction.of Existing Houses Affected by Wlndow Labellng by Year. - '

'NE WDRYSATBQ - - New Dryer Saturation By Type (Gas Electnc)

| RPINSCOSTeg.
pCsAT,,

CTVSAT,,

- DISHNEW,, |

' WASHNEW,,

Installation cost assocrated with swrtchlng from. equrpment class eg
to equipment class egsw when equrpment is replaced.
Number of personal computers by building type and Census Division in
1993.

‘Number of color televisions per household by burldlng type and Census
Division in 1993. )

Percent of: new households with- dlshwashers by burldlng type and
Census Division. , ~ .
Percent of new households wrth clothes washers by bulldrng type and
Census DlVlSlOﬂ ' .

- Energy Information Admlmstratron ) : o
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, Appendix B: Detailed Mathematical Description -
This appendix presents the detailed 'calculations ueed -in 'each of the. module
components. Table 1 shows the correspondence between each of the subscnpts in
.the documenta’uon and the subscrlpts in the FORTRAN source code.

Please note the following conventions:

® The table of subscnpts inclades all of the major usages. In some mmor lnstances, .

additional subscnpts are deflned as needed

® The equations follow the "logio of the F_ORTRAN”code very closely to facilitate an -

Table 1. Definitions of Subscripfe

Subscriptin ST
- Documentation Subscript in the FORTRAN Code .-

r "R or D, refers to Census Division
t Y, when Y is a year increment
f ' F, fuel types - “
b . B, housing type )
Y ' CURIYR, the annual index

y-1 o PREVYR, CURIYR-1

eg ' EQC, equipment class # within -

an end use (e.g., 1 - 11 for heat)
~ RECCL, equipment class # from -
] all end uses (currently 1 - 29)
egsw " °  EQCSW, equipment class #
' within an end use to switch to
- RECCLSW, equipment class #
from all end uses to:switch to :
es EQT, equipment type # within an -
' .end use RECTY, equrpment type
# from all end uses

Energy Information Administration ’ .
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P

understandlng of the code and its structure In several mstances, a vanable
appears on both sides of an equatlon Thls isa FORTRAN programmlng device that
allows a prevrous calculation to be updated (for example, multlplled by a factor)

and re—stored under the same vanable narmie (i.e.; in the same memory Iocatron) ,

'® The subscnpt y, in the documentatlon refers to the year represented as 1990-
- .through 2020. In the FORTRAN code, the subscrlpt CURIYR represents array
X dlmensmns startlng wrth an.index of 1 to represent 1990 Not all arrays begin with '
.an array posrtlon for 1990 Specrflcally, the arrays that represent or relate to
equipment added after the base _year begm with the first array posrtlon

representlng_ 1991 (PREVYR), to economize on memory storage..

o Some varlables are documented havrng a’'y"” dlmenswn when i in fact they donot.
o The most common lnstances are for the vanables, LFCY OPCOST SA, SHARESN

and SHARESR These vanables are calculated on an annual basis, but are retarned |

_ only for ‘the current year The “y'" dlmensmn is used in “the documentation to
hlghllght 1) that the calculatlons do vary by year, and 2) to lndlcate the current

- year in formulas to avoid confusron

'® -Summations over all relevant variables are usually written without upper and lower

" range limits on the summation signs.

® Unless otherwise stated, the range of y-for an equation.is 1 991 through 2020.
Classification -

‘ The RDM regards the resrdentlal sector as a consumer of energy. lt has classified thls
consumptlon info a senes of end uses that represent the various ways in whlch

energy'i is used by households The end uses are deflned within the loglc of the, RDM .

~—
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and determine the organization of,'the data found the input data liles discussed in this

do‘c'ument.'At' present, the following end uses are covered, in the order shown:

1. Space Heating 9. Food Freezing .
9. Spacé Cooling”  *  10.Lighting -
3. Clothes Washers. - *  11. Furnace Fans . ’
. a4, Dishwashers . 12 Color Tél_evlsions 3
5. Water Heatmg A © 13, Pers'onalbomputers :
' 6.Cooking . . - .- 14. ‘Other Appliances
‘7,‘C§lothes Drying e 15, Secpndary Heafing

8. Food Refrigeration

Further, the RDM assumes that a series-of broad equ:pment classes are avallable to
'satrsfy the demands wrthln the end uses. Using mput data files, the user can modrfy
" the definitions of equrpment classes ‘available for eachof the flrst seven end uses

(nghtlng and Other Appllances are at presenfc‘handl,ed by,the logic of the RDM, as .

described later in this appendix). In general, the equipment classes are‘each used to -
.rsatlsfy a partlcular end use. However, there are a few cases where one class of

eqmpment (heat pumps, for example) satlsfles more than one end use, or where the

‘ availability of one class of equipment makes another class more llkely (a gas furnace
s frequently accompanied by a-gas Water heater and a gas coo'kstove)‘ The file
RTEKCL (Resudentnal Technology Classes), whlch is outllned below, deflnes 29

equipment classes

Each equupment class can be satlsfled by a vanety of specific equtpment types that -
each have their own technologlcal characterrstlcs, such as efflclency, cost and year
when the technology is expected to become available or to become superannuated
Examples of equipment types would be the array of available’ gas furnaces, the more

expensrve of .which tend to have higher effrcre_ncres. ‘The RDM does not attempt to

Energy Information Administration .
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represent all manufacturers products, but rather defines broad types that are snmrlar
to one another in thelr technologlcal charactenstlcs The user has the ablllty to defme
and modify the definitions of these equrpment types, by modn‘ylng the flle RTEKTY

(Residential Technology Types), which is also outhned below.

1}

Each equrpment type can be assrgned dlfferent characterlstlcs dunng dlfferent ranges o

of years Each of these tlme-related galaxres of. charactenstlcs is sometlmes referred

to as an equrpment model of the given equrpment type.

'These concepts, of equrpment classes that can be satlsfled by a number of dlfferent

equrpment types that each contaln several*models, underlie the entlre dlscusswn of

this manual ln earller editions of the documentatlon, these two classrflcatlons were -

referred to as general equipment type (equrpment class), and spec:flc equ:pment type
(equrpment type) These names survnve in the subscripts assrgned to the two concepts
throughoutthe document eg and es, respectwely In order to reinforce the dlfference,
. we often add the modn‘ler spec:flc to the term equ:pment type, but we have avorded

the use of-the word general in relatron to equrpment classes

-Other RDM files. deﬂne the charactenstlcs of the mix of appllances that are in use in
the base year, mcludmg relatlve numbers installed, effrcrencres, ‘and the rates at whlch.

they are expected to be replaced.

BEKCL Technology Classes .

Wlthln the present structure ‘of the Resrdentlal Demand Module, there are 29 defined"
technology classes These are llsted in Table 2. Here, Clothes Washers, Dlshwashers,
Refrlgeratlon and Freezrng each have a smgle technology class for all rnstalled
equrpment Thelisti |s not exhaustive, in that there do exist, for example, afew homes
' that heat their domestlc water with wood; the vast majority of equipment used to

.. satisfy the seven major end uses can be fitted into at least one class Recall that as

- ’ Energy Informa’aon Admlmstratlon ’
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mentloned above, nghtlng and’ Other Applrances are handled separately wuthm the
. loglc of the RDM Elghteen vanables, described below, are read from the RTEKCL data

" file.

" RTCLENDU,:

RTCLEQCL,,;:

RTCLTYPT,,:

End use number. quipment classes having th’e 'same end use
© compete wrth one another. The RDM allocates equrpment among

them in the technology chorce process

1=Space Heating
2=Space Cooling
3=Clothes Washers"
4 =Dishwashers
5 =Water Heating
6 = Cooking )

- 7=Clothes Drying

" 8=Food Refrigeration
9=Food Freezing

‘Matches RTTYENDU,, in the RTEKTY file.

Equipment class number. - Appears; on all 'records. Matches
RﬁYEQCL in the' RTEl(TY file for'one or more equipment types:
there are one or more equrpment types in RTEKTY for each class in -
RTEKCL. ' ' ‘

Required pointer from.equipment classtoa représentative equipment

-~

Table 2. RDM Technology Classes.

Space Heating ;. 'Space Coolmg ~ Cooking

Electric Furnaces Room Air Conditioners  Natural Gas
Electric Heat Pumps  Central Air Conditioning  Electric
Natural Gas Forced Air Electric Heat Pumps ‘ LPG
Natural-Gas Radiators Geothermal Heat Pumps o
Kerosene Forced Air . Natural Gas Heat Pumps Drying

‘LPG Forced Air : A " Natural Gas
Distillate Forced Air Water Heating' Electric
Distillate Radiators ~  Natural Gas - . ‘
Wood Heaters .~ Electric o Refrigeration
Geothermal Heat Pumps Distillate Oil " - Freezing
Natural Gas Heat Pumps LPG _ . Clothes Washers

Energy lnformatlon Admmrstratron . ~
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RTCLPNTR,,

- RTCLREPL,:

RTFUEL o+

hY

type This is. the only pomter from RTEKCL to RTEKTY Selects the

'eqmpment type used in the log- llnear formula for choice of equrpment
* " class for newly constructed hoéusing units and replacements in smgle-'
o 'famlly houses. [ts value is. the RTEQTYPE in RTEKTY of the

representatlve equrpment

:  Class pomter Requrred for end uses 1 through 3; zero otherWIse

llf end use é 1: Requrred ‘pointer from space , heater class to

* associated water heater class linking’ water heater fuel chorce to
space heater fuel chorce for newly constructed housrng units.
If end.use = 2: Requrred pomter from coollng heat pump class to
same class of heating heat pump ' s
0= Nota heat pump

Integer : Heater heat" pump class number o

- If end use = 3: Required pointer from water heater class to matchlng'

) cookrng class finking ‘cooking’ fuel chorce to- water heater fuel
choice for newly constructed housmg umts Also see RTCLREPL
" end use 3 below, only natural gas water heaters-may pornt to 2

1types of cookstoves.

Replacement class Requrred for end uses 1 and 3 zero. otherwrse

I end use = 1: Flag’ for replacrng the existing space heater class with

a natural gas forced air space heater at retlrement (subject to ‘

swrtchmg Ilmlts described under GSL)

If end use 3: Second pornter from natural gas water heater class

to a cooklng class The model assumes that 65% of new homes '

. with natural gas water heaters have natural gas stoves and 35% -

have electrlc stoves

. Fuel used by this equlpment.
"1 =Distillate

2=1PG"
3.=Natural Gas ‘

Energy Information Admrmstrahon
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RTMAJORF,;:

FAN,:

. RTBASEFF,;;

. ‘RTALPHA,;:
RTMINLIF,;:

RTMAXLIF,;
RTFCBETA,,;

RfFCBIASeg:

, Rrs'WFA CT,:
RTSWBETA,;
RfsWB/Aseg:

RTCLNAME,;

Iy

4= Electrlclty (wood prlced to electrrcnty)

b= Kerosene '

Major fuel flag. Used only for end use 1; zero otherwrse Space'
" heater shares for systems usmg ma]or fuels are calculated differently
‘ '_from space heater shares for systems using minor fuels. Set to 1 to
, lndlcate a major fuel. Set to 0 to indicate a minor fuel
. lndlcates the need for a furnace fan with the appropriate heatlng :
: system . . ' ‘

' Base efflclency for thls equment class Defmed dlfferently by end-

© uses:’

End uses 1,2,3,4,5,7: base efﬁclency for this equipment class.

~ End uses 6.8, 9: 1/ base 'efficiency for this equipment class.

- Eqmpment life a.

Minimum life of this. equ:pment class (years)
Maxmum life of thls equrpment class (years)

New home heatlng technology choice model log-llnear parameter ,B '

Used only -for end use 1; zero otherwise.

New home heating technology choice model blas parameter Used ’

- only for end use 1; zero otherwnse

Maximum fraction of smgle-famlly homes which may switch away

from this equipment class on replacement

Replacement technology choice model log- hnear parameter /S’ Used
only for smgle—famlly homes '

Replacement technology choice model bias parameter. Used only for .
srngle famlly homes. -

Unlque name for each equipment class.

- R7EKTY Technology Types
Wlthln each of the equrpment classes defmed in the RTEKCL flle, the Resxdentlal '

Energy lnformatlon Administration ) .
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. .

N .Demand Module accepts one or more types of equnpment The module chooses among '
the equipment types accordlng to energy costs, equrpment costs, and the relative
effrcrencres of the ‘available types The RTEKTY file contalns the data used by the.
‘model for selecting whlch of the types are used.. ln general the module does not
, exclusrvely select one of the alternatives avallable wrthln a class, but rather changes
the proportlons of each type accordlng to its- evaluatlon of the equipment

charactenstlcs

The charactenstlcs of each equupment type can change over tlme, so the RTEKTY file
allows more than one set of characteristics for each equipment type These are called
models, and are tagged wrth the startrng and ending year.to whrch they are appllcable

- Nineteen vanables, descrlbed below, are read from the RTEKTY file:.

_RTTYENDU&": o End Use number as in RTEKCL Matches RTCLENDU in the'
~ RTEKCL file. R | : -
'Rf’TYEOCLegz Equrpment class for this equ1pment type. MUST match a class
o . ‘ | number, RTCLEQCL,,, in the RTEKCL file.
R_T'EOTYPEe‘: : Equipment type number Each equipment class may mclude

multrple types. Each equrpment type may have up to one record
for each year: of the forecast perlod DO NOT overlap years. The
user may add equrpment types to exrstmg classes.-When addlng
new types, update the type numbers for the rest’ of ‘that end use; -
- aIso, adjust the RTTYPNTR pomter for cooling and the RTCLTYPT"
‘pointer in the RTEKCL file for heatmg If addlng heat pump types,
add same type to both space heating and space coollng and adjust '
. pomters ' : . '
RTINITYR,: ’ lnltlal calendar year for thls model of thls equrpment type. The
o /flrst RTINITYR for a model within a type should be the NEMS

base year (1993), subsequent initial years for a model must be

, Energy Information Administration .
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RTLASTYR,.:

RTTYPNTR,.:

LOADADJ,;:

 RTEQEFF, :

RTEQCOST,;:’
RTRECOST,:
RTMATURE,;

‘prewous RTI.ASTYR +1 _
Last calendar- ‘year for thrs model of this equipment type. Must
greater than or equal to RTINITYR for this model; “final
RTLA.S‘TYR should be the last year of the'forecast period (201 5l
Requrred pomter from coolmg heat pump type to. same type of
vheatlng heat pump. . Also used as a flag to. mark room air
conditioners and central air condmoners Used by end use 2 only;
© zero ,otherwuse. Modify as_ fo]lows only if heat pump types added:
-1 =‘Room air conditioner _
0= C_:e'ntral air conditioner (not heat pump)
Otner Integer = ‘Matching heater heat pump type nurnber
For end Llses 3 and 4, the amount of hot water load needed relative S

 to the 1993 stock.-

Defined dlfferently for different end uses:

. ifend use = 1,2,3, 4,5, 7 Equrpment type efﬁcrency (AFUE COP o

etc.). S _ .
If end use = 6,8,9: Energy consumptlon for typlcal models (e g "

_annual Kwh consumptlon for 18 cu ft refrlgeratorsl ‘
lnstalled wholesale. capltal cost in $1 991 per unit for new homes. '
Retarl capltal costin $1 990 per unit for replacements

Technology maturlty descnptlon

- “MATURE’ = No fu_rther cost redu.otion‘s expec'ted; use above

: c_onstants for installed _wlaolesale and retail capital coste._'

' ADOLESCENT’ =" Main cost reductions occurred before base year .
(1992); function EQCOST reduces installeo- wholesale and retail
capital cost wrth 1992 (or first year of avallablllty) as the inflection

point.

.“INFANT = All cost reductions _expected after first year of

av_ailabllity; function EQCOST reduces installed wljlolesale and retail

Energy Information Administration
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 RTCOSTP1.,:

RTCOSTP2,.:

RTCOSTP3,;

"RTECB,TA 1.
RTECBTA2,:
RTECBTAS3,;

' RTECBIAS;:

B hTTYNAMEwi

‘B-10

l(y1 in code). oo L . L

capltal cost wrth the rnflectlon pomt ln the future

i ‘MATURE’ technology, not used. .
If ’ADOLESCENT’ technology, representatlve year cost decllne began
I ‘lNFANT’ technology, year of mflectlon of cost trend (yo in code).

If ‘MATURE' technology, not used.
If “ADOLESCENT’ or ‘lNFANT' technology, logrstlc curve shape

~ parameter (gamma in code)..

If ‘MATURE'’ technology, not used

lf ‘ADOLESCENT' technology, total possrble proportlonal declme in

equrpment cost from Yo onward (din code).

If" ’lNFANT"technology, “total - possrble proportronal declme in |

' equrpment cost ‘from- Y1 onward (d in code).

Efflclency chorce model log-linear parameter B4, weights capltal cost .

Effrclency chorce model log-linear parameter ﬁz, weights fuel cost

Eﬁlmency chmce model log-liniear parameter ﬁs, Welghts hfe cycle E

b

cost.

Efﬁclency chorce model consumer preference log-lmear parameter,

: flts current market shares to shipment data

Unlque name for each equipment type Do not modrfy exrstlng names.

Add umque names for new types

. Energy Information Administration "
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E'quipment‘_Survival', Housing Survival, and Housing Additions .-
'SVRTE (Equipment Survival Function) '

SVRTE is a function in the FORTRAN sense Itis a filnction that can be called with-

_ arguments and returns a srngle value as its result The survrval rate function is a

simple plecewrse linear decllne, as shown in the plcture Its mathematical descrlptlon

is as follows: _
SVRIE,; re =1 Ly TR
SR e = 0 A T« I ) ~
SVRIE,, , =1 o7 Cpin -_L"‘" , otherwise . " L ’
. : . ° Lain l:ux t
~ where, : ‘ :
SVRIE, ot

e is the proportion of surviving equipment after time t,
is the age of the equipment in years, . A
min -is the mrnlmum equipment lifetime in years, and

max

is the maximum equrpment lifetime in years.

. Note that function calls to SVRTE in the FORTRAN code include a “’place holder’’ as
the first. parameter However, the first- p'arameter is currently not ‘used. in the
calculatlons Since rt is not used in the deﬁnltlon of the function i ln Equation Figure 1,

it is not noted’ explrcrtly in the remainder of this documentatlon

EXHSE {Ex:stmg Housmg Demaﬁlmn Rate Companent}
,Housrng units are removed from the stock ata constant rate over trme The demolltlon

rates for the household types. (HDR,,) are as follows

Single-Family Homes: HDR, = 0.987

" Energy Information Administration )
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Multifamily Horhes: HDR, = 0.996
Mobile Homes: . Hoﬁsx.—_-'o.'see

o The survnvmg pre-1994 housmg stock is deflned by . R
' EH,, - RECSdata -_.,;fy-tsssl PR

. , (@
| BB, - B < EDR, ify> 1008 .

where, S o . -
EH,, br IS the pre-1 994‘ housing_stock surviving in'yeary, |
- HDR, is the\'hou'sing demolition rate, from the RMISC file.

NEWHSE {Calculate New Hausmg COmpanent} ‘ ,
} The NEMS Macroeconomic Activity Module prowdes forecasts of housmg starts by

Census Division for each forecast year

HSEADD, syt gontyr = -1 ooooooxMc _HUSBSL, - - . l‘él
HSEADD W fantyr 1,0GD,OQOxMC_HUSI_SZ,,,-‘ - - - 4 |
HSEADD,W,,;,;; - 1,'000,000..:<M‘C_.'9H'U‘BBL;‘;._ SR )
. RE,,, = HSEADD,, + NH,.W «m0R, . (@)
" \here, . o _ o
I-I_SEADD,, b IS the number- of new housmg units constructed in the forecast

year. by housmg type and Cerisus DIVISIon, o
MC_. HUSTS 7,,, single famlly housmg starts (mllllons) by Census DIVISIon and year, ’
from the NEMS Macroeconomlc Module, T ‘
mMc HUSTSZ,,, multl-famlly housmg starts (mllllons) by Census DlVlSlon and year,.
) from the NEMS Macroeconomic Module,
MC_SHUMBL,, moblle home shlpments (mllllons) by Census D|V|S|on and year,
from the NEMS- Macroeconomlc Module, . C

. o NH,, . is the total post—1 993 housmg umts by housmg type, Census

. ) Energy Information Admmlstratlon
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HDB;

.
Dlvrsron and year, and

IS ‘the housmg demohtlon rate by housmg type

EPACTWD (Calculate EPACT Window Labeﬁng Impact Companent)

First aggregate the housrng stock to the national level

where,
OLDHSES

* NEWHSES,

owzzszs EEH,,,, R -
| NEWHSES, - SNE,, RER (8)

is the nat_ional total of.remaining pre-1994 housing. "

is the national total of remaining post-1993 housing additions.

Then, calculate the EPACT wmdow labehng impacts for both heatlng and coollng,

where,
EPACTH,

EPACTR,

EPWINPCT,

EPSAVHT

EPSAVCL

EPACTH, = EPWHVPCT x EPSAVHT ‘ - L

EPACTC, = EPWINPCT; x EPSAVCL . = - - (10

is the national fractional heat savings to be expected from EPACT

wmdow labelmg standards,

is the natlonal fractional coolmg savmgs to be expected from"

: EPACT wrndow labeling standards,

- is the fraction of houses affected by window_ labeling standards,
from the RMISC file, . T
is the fraction of heat lnput to houses expected to be saved by
improved window labeling, set in the program to a constant value -
of .08, and . S
is the fraction of coollng input to houses expected to be saved by

.lmproved wrndow labeling, set in the programto a constant value

Energy Information Admmrstratlon o .
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"RpsaFr (Read Floor Ares) y |
- Read the historical and forecast data for average household area, SQRFOOT, . from'

~the RSSQRFT file,-and calculate the ratros, SOFTADJ,, bt between each area and the
: .base year area, SORFOOT,ggg b T )

. SQFT CALC (Calculate Average Flaor Area Component}

Averages the floor areas of homes,

[

;(SQRFOOI:IQQS.W X EH199317)) | - (1 1) |
T ‘ ’
SgFTAVG,m = OLDHSES'wgs ;

¥ (SQRFO0T i, EHm + SQRFOOT, ; X M’W’ 12

: br
SQFTAVG, = _ ~' OLDHSES + NEWHSES
where,” . ¢ . _
SQFTA V'Gy is the average ﬂoor area of houses of all types, and
SQRFOOT,,, - is atable of historical and pro;ected housmg floor areas, from the .
. RSSQRFT frle, by year, housmg type and Census Dlvrsron
, 'RDH77ZEQC {Praject 1993 Vintage Equment for all End-Use Semces}
This routlne reads in the 1993 equrpment stock for aII servrces “from external files,
- > then calculates survrvmgequ‘lpment in the pre-1 9_94_housrng stock for 1994 through
 the end of the forecast.- ‘ | T
Fory > 1993, | . o ,
BQUESE, ;, = BQUESEiggeg, * HDR,™™ x (1. - EQCRET,) . 119}
where,._‘ ' ‘ | - | o |
| EQCESE, ;. -is the amount of surviving .pre-1 994 vintage e'quipment'in pre--

!

. 1994 housing by housing type and Census Division,

) Energy Information Admlmstratlon
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'HDR, * is'the housing demolition rate by housing typ.e, .and
EQCRET,,, arethe annual equipment ret|rement fractlons for the equlpment
 classes, from file RSRET01 '

/

 BQSESE,; E[EQCES sesir % (1. = EQCRET,,)] | a4

Calculate a-national total for-each equipment type,”

where, : :
EOSESE,, & is the number of installed appliances of each.eq'uipm'ent class.

Space Heatirtg .

'Heabng Equipment, UEC and Hausmg Shell Accountmg Scheme
| Table 3 depicts the equment accountmg methodology For simplicity, this dlscusswn
| omits the details of the variable. subscnpts, which are explained later. in this append:x
The equnpment accountmg system partitions equipment into two major categones,
. depending on the vmtage of the housing unit: equipment lnstalled in pre-1 994 housmg
units (houses that existed at the begmmng of a model run) and equ:pment added to
post—1 993 housrng units (those added. during the model run) Equment is further
partltloned into three additional survnval/replacement categories: equ1pment that
K survnves, equrpment purchased to .replace related equupment and equ:pment
purchased for new. constructlon The categonzatlon of equnpment by housmg vintage

and survuvmg/replacement type results in six categones of equrpment thatare tracked

The equment categones for pre-1 994 housmg units are: -
EQCESE denotes the surviving pre-1 994 equ1pment stock in pre-1994 housmg, "
EQCSR90 represents equnpment from pre—1994 housmg that has been replaced N
after 1993 and still survives,-and . _ -
EQCRP90 is current-year replacement equipment in pre-1 994,:housing.

. Energy Information Administration
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Table 3. Heating Equipment, UEC and Housing Shell Accounting Scheme

. Housing Units that .. " Housing Units Added
" Existed in 1993 : From 1994 through 2015

—quui;").ment —UEC  Shell “Equipment  UEC — Shell

| Eacrpeo | EQCRUEC  EHSHELL:
. : RN

EQCSR90 | EQCAUEC ' EHSHELL

‘ — ~ | EccADD |EQCNUEC NHSHELL
' o ' —EQCREP | EQCNUEC - AHSHELL

¥

EQCESE |EGCSUEC EWSHELL: |. . | .
SN R L 'EQCSUR || EQCAUEC™ AHSHELL

-

The equrpment categones for post-1 993 housmg ‘units are: . ol
EQCSUR denotes equrpment that has been modeled as added and stlll survrves,

' . EQCREP. is equ1pment that has been modeled as added and is in need of‘ '
replacement in the current year, and " ' '

EQCADD is equipment for housmg units added in the current year

~ Unit energy‘ 'consumptio‘n (UEC) is ﬁacked accordi'n.g' to when the equipment was
" added and by category of housmg unit: o ‘ - '
EQCUEC is the average UEC for the ongmal pre-1 994 equlpment in pre-1 994
“housing umts, . )

EQCSUEC is, the average UEC for survrvmg equipment in pre-1994 housing unlts,
- EQCAUEC is the average UEC for survxvlng post—1 99\3 equipment in pre-1 994'
- . housing unlts, ' B ' |

EQCRUEC is the UEC for all eqUIpment added in the current year to replace

: ; . Energy lnforma’aon Admlmstratron
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equlpment in pre-‘l 994 housrng units, -and )
EQCNUEC is the UEC for all equrpment added or replaced in- the current year for
post—1 993 housmg units. ‘

Shell indlces are modeled for three cat'ego‘ries ot housing units: -
;EHSHELL is.the shell index .applicable to pre;1 994 hous'ing' units, - |
AHSHELL is the shell mdex appllcable to housrng units added'in all but the- current”
year, and ) : ) _ ‘ h
NHSHELL is the shell rndex for housrng units added in the current year

' For example, in accountlng forthe heating energy consumptlon of survrvrng equrpment

lnstalled in pre-1994 housrng unlts, the equipment ‘'stock, EQCESE, ‘would be
multlphed by the unit energy consumptlon, EQCUEC and by the shell index EHSHELL.

_This explanatron was desrgned to account for heatrng equrpment but'the accountlng )
' prlnCIple is used throughout the resrdentlal module. For the exrstmg housrng example '
above, the approprrate space cooling variables would be multrplred by ECSHELL The
' shell indices apply only to heatlng and cooling,: thus, for example, for refrigerationthe

accounting requires only EQCESE and EQCUEC

EQCOST {Equlpment Cost Functron} o ,' ,
EQCOST is a function in the FORTRAN sense. tis a function that can be called with
arguments and returns a srngle ‘value as 1ts result EQCOST is.a trme-dependant

' functlon for computrng the installed capital cost of equrpment in new constructlon and '

. the retall replacement cost of equipment in eXIstlng housrng Itis called |f the cost

/trend switch COSTTRSW = 1 in COMMON RTEK (whlch is the default).

mathematical descrlptlon is as follows .

. Energy Information Administration : .
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chosr,,m mzocosrc,grmmmem .-;,,(15)'
EQCOSTM—RIRECOST ymmmzm s L

N | - RIEQCOSTx 2% 4.

EQCOST,,I,'&, — 41-4) mzccosra .u’mwmz -ADOLESCENT
‘ 3'-?1 -
1+ e ) . )
| . ;f"é‘.d' o o e
-mm&m‘mcc ~= = * (18 x RIRECOST,, _ , if RIMATURE ;-ADOLESCENT '

?‘71 ' o ' .

. . 1+
/_ - . X yo"yu

mxd

1.0 (y-yi 'l . .
m:zzcom,,x 4. a O-d) x zzmzcosz;, , if REMATURE,, -MANT

T 40+ (?“Y-r ]
o) .

EQCOSTesyme is tlme-dependant lnstalled caprtal cost of equipment in new

. r1.o-d) xchosra , g’mm -INFANT ’

EQCOSTW—

Eccosrm =

where, -

) construction or the ‘retail replacement cost of equrpment in
exnstmg housmg, ' o
ctype - tells function ‘type of equrpment cost to return,
CAP = Return lnstalled caprtal cost in new construction,'
T - . " RET = Return retail replacement cost in exrstlng housrng,‘
_RTMATURE Technology maturrty descrlptron, e ',
' MATURE - No further equrpment cost reductions expected
s ADOLESCENT Major cost reductlons occurred before base
o yearn, . IR
“INFANT l=-; All* cost ‘r"eductionsl' e?<pected_ after first year

s

_ ‘available, _ .
- RTEQCOST,, , Installed wholesale capital cost in $1891 per unit for new homes,
- * remains constant for MATURE ‘technologiés only (used ‘when if .
ctypemGAP), L e

Energy Information Admrmstratron
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. RTRECOST,,

Yo

v

Retail capital cost in’ $1990 per unit for replaeements;' remaina. :
constant for MATUEE . technologies only (used when ki
‘ctype= RET), Co. ) . .
is the year of mﬂect!on of cost trend
' RTINITYR lf ADOLESCENT

RTCOSTPI if INFANT
is the year cost decline began,

RTCOSTP7 if ADOLESCENT

RTINI TYR |f INFANT,

s the total possible proportronal dechne in equrpment cost

RTCOSTP3,,, - S
from y, onward if ADOLESCENT

from-y, onward if INFANT,
is the Ioglstlc curve shape parameter, RTCOSTPZ

RHﬂHEC (Space Heating Teclmology Choice Camponent) .
Begm by calculating a factor that adjusts for biased temperatures in erther the base

year or, rn the year under consrderat_lon, m.each region,

* HDDADJ,

HDDFACT, =-HDDADJ,;L - ' . .4 - "(1_8‘)"
where; . . . .
HDDFACT, .- - is a set of regional faetbrs to be used in this-year to adjust for
unu’sual.temperatures either in th‘is_'year or in the base year, and
HDDADJ,, are. regidnal popul'ation-adjusted' heating 'degree-days by Census -
division and hlstoncal year, with forecast years frlled in wrth the
latest hlstoncal year, from the RMISC file. - - |

Compute current year,operating costs, R '

' Energy Information Admlmstratlon - .
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opcosr —
where, - '
OPCOST, esbiv -

. PR/GES,,‘,,
EQCUEC, oz

- HDDFACT,,

Pmczsf,‘, x EQC et x EDDFACT,, x HEFFAC x Hsmz, . ( 19)

-is -the operatlng cost for the speclfrc equrpment type by year,’

, housmg type, Census Dlvrsmn, and vrntage, .

is the fuel prlces for the equrpment by fuel, by regron ‘and forecast |

year, .
is the umt energy consumptron by Census Dlvrswn, equrpment

" class and housing type, from the RSUEC10 file, . '
is a factor, the ratro between heatlng degree days in the current

year and in the base year, for adjusting for. abnormally warm

'- weather in* either the base year or in the current year;

RTEFFAC,,,

HSHELL, 1 ¢,

is the efficiency adjustment for the general equrpment class and

vrntage, and

. is the shell effrcrency adjustment to account for burldrng shell

|mprovements over time (whlch reduce heatrng loads)

Compute current year life cycle costs, for each -equipment type, .

‘LFCYM?,” = CAPITAL, + OPCOSTM,., 1=

| where,- \
LFCY Vesby

CAPIl'ALes

OPCOST,, sy

HORIZON

[1-¢t s DisRIyFomr]  (20)
DISRT .

N is the current year Irfe cycle cost of specrflc equrpment types by

.housmg type, Census Division, and vmtage, .

_ls the lnstalled capital cost of the equrpment by equrpment type, :
based on callmg function EOCOST with RTEQCOSTes,
‘is the operating cost of the equrpment type by housrng type, '

. Census Division, and vmtage in, the forecast year, ,

is the number of years rnto the future that is used to compute the

- 'present value of future operating cost expendxtures presently set

DISRT -

B-20

to seven years, and

is the drscount rate applled to compute the present value of future

\
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operatirig costs presently at 20 percent.

Foreach 'equipment class, a weightis calculated to estimate the market share. for each
of the 11 heating systems for fiew construction based ona log-hnear fit to the cost -
factors computed above. The functlonal form is expressed as,

mmmﬁ,_e[mms « + RIFCBETA xwmm.el. . ' i (21) .

where, . . _ .
HEATSYS vessr 1S the equipmént weight'.for heating eoui'pme_nt-.types for new
housiné by year, housing type, and Census D'ivi'sion,- )

,RTFC“BIA.'S‘,_,S is a consumer preference parameter for the equrpment class that
' - fits the current market share to historical shlpment data, - »

| I.FCYy,es, b2 . is the life cycle cost for the equrpment type by year, housmg type,

" ~and Census DlVlSlon for new construction, and
| BTFC_B'ETA,_,S is a parameter value of the log- Imear functron for the equrpment

class.

. Summing over the equipment classes computes the total weight for all of the heating
“equipment classes: ' ’

sysmrj, Emmsm, L (22).

‘where, ‘
SYSTOT,,, .is the sum of the equipment weights for all equipment classes.

. The fuel shares for all heatlng equxpment classes are computed by

HEATSYS,
mssmgm, = -_—_}’f_ . if SYSTOT, w>o (23)
ybr -
HTYSSHR, o5, =0 - , otherwise

where,

Energy Information Administration : .
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HTYSS‘HI-?y eqbyr 1S the heating equrpment fuel shares by year, burldrng type, and

Census Dwrsron

Fcr each equipment type within each class, a yveight is calc'ulated based on the cost

factors computed

EQ mb,_ - e[mus,+mmz.xwm.+mmz.xowasz;mz mms,xm,,,,zl (24)
\ / EQWTR,A,,, - e’[zamus¢+mm?x'amz;,fmmz,xorcosz_;ﬂf, +mcam33;cm,,,,21 (25)-
where, :
EQWTN,,,”,, r is the equrpment welght fcr new equrpment types by year,
- - o housrng type, and Census Dlvrswn, ‘ )
EQ WTR,, esss  isthe equrpment welght for replacement equment types by year,
housrng type,. and Census D|V|sron, ‘
CAPITAl_;x  is the lnstalled capltal cost of the equrpment by. equrpment type,
o v based on calling functron EQCOST with-RTEQCOST,;, '
OPC(_JST,’,,GS,,, v IS the operatlng cost for the equrpment type by year, housmg
‘ ' type, Census DIVISIon, and vrntage ) ,
LFCYY, esbrv is the Ilfe cycle cost:for the equrpment type by year, housrng type,
‘ _ -, a Census Division, and vintage, _ o
RTECBIAS,S . _.IS a. consumer preference parameter that flts the current market B
_ share to shlpment data, and
RTECBTA1,, are parameter values of the _same fit.
' 'RTECBTAZ,., . | o
RTECBTA3,;:

abcve The functlonal form |s expressed as, .

hd C v
{

Sums over the equipment types within each class give total weights for the equipment

classes:

'B-22

Energy Information Administration,

NEMS Residential Demand Module Documentation Report

4



‘ Heft -~ . - . .
TOTEWIN, 35, = 3, EQWIN,;, (26)

mx’,‘"" mg EQ o ' B (27-)_
"where, ) ' \ ‘ _ . '
TOTEWTN, egb, is the sum of Welghts for the new -equipment types within .

eqmpment classes, .
TOTEWTR Vg, b, is the'sum of weights for the replacement equrpment types.within -

equipment classes.

The followrng calculatron calibrates the XENERGY model.to Census data:

. HSYSSHRgg, 105, = Esrssmqmﬁ, |

. o HIYSSHR,,,.
_ , B,
HSYSSHR, ., = HSYSSEQN“ e X ————ﬁ—-msmﬂ -
. . A - . ] 4 “ .

(28)

where, _ |

HSYSSHR, o, 1., are"sp..ace‘ heating, equipmer\t shares by year,’ heatiné equipment .

' ' " class, housing'type and Census Division,lyvith 1994 and ‘!995
 values from file RHTRSHR, and ' |

HTYSSHR is the heating equnpment fuel shares by year, burldmg type, and'-

y,€9.b,r
Census DlVlSlon .

Which is'then normalized:

HSYSSHR, ;.

L HSYSSHR 5, (29

HSYSSHR, . ;. =
where, .
HSYSSHR, ., are now normalized. - S : .
Fuel shares for the equipment types ‘within each equipment class are computed from

the equipment weights for new and ‘replac,e'ment equipment, by the followiﬁg formulas

‘ ‘Energy lnfbmiatio_r; Administration o
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applred to the current equlpment model year, as speclﬁed by the equrpment type. date .
range RTINITYR through RTLASTYR ’ '

EQ mza.b,r

NEQISR.VJ;W’ TOIEMN q.b.r B #'TOIE.WY#&W’>O ' ] ) = - (30) '.
NEQZSIRM,,,—'O_ ‘ ,otkérwwe . .
REQmmzm, }_ﬂ% , f TOTEWIR 3,20 - © 31

| | REomyf.b,—o e atberiise
- where, o S : .
NEOT.S‘HRY the are the fuel shares of new equrpment types by year, housnng type
and; Census Dwrsron, ) ] : ‘
REOTSHR”,’,, . are the fuel shares of replacement equrpment types by year, '
- | housrng type and Census D|V|S|on, ) ‘
- TOTEWTN,, eg.bir ‘are the sums of equupment welghts in each equrpment class for -
new equrpment ' ‘ - ' |
TOTEWTR, sabir | are the: sums of equipment weights in each equrpment class for
replacement equrpment S
EQWTN, csp., -are the equ1pment welghts for new equrpment and

EQWTR, s, . are the equipment werghts for replacement equnpment.

.The welghted average equrpment lnverse efflclencres for the equrpment types within

-each equrpment class are then computed as,

Energy lnformatron Admmrstratlon
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S S T T - - * TR Bt s o m s d e e e - _————— s

);m% (32
M’S
e m

WTEQCWR,RJ,' [ b2 , 5 y . 0 . .
3. REQTSER, .3, ggmrzxmg _ (33)

WIBQCEIR = ool ot
o H -1 .

where, ) ,
WTEOCEFFN V.eabir IS the welghted average lnverse efficiency of new équipment
types within each equrpment class by year, housnng type, and

, . E Census Division. _ . \
'WTEOCEFFR”-eg,,,, is- the welghted average inverse efficiency of replacement
equ1pment types wnthln each equipment class by year, housmg

. ~ type, and Census DlVlSlon

: HTRADD (Addition and Replacement of Space Heahng Equment COmponent) '
: Compute the market shares for heatmg equ:pment classes for both new and
replacement equrpment For new equrpment it has already been computed for

replacements, it must be added from the shares of equrpment types.

SHARE@Q“,, HSTSSHR, 5, - o S za
' tnzsn - % rommm @
T

where, '

E SHARESN v.eq.b, ,‘ is the current year, aggregate market share for new. equrpment by )
equrpment class, houslng type and Census Division, .

' SHARESR veabr 1S the current year aggregate market share for replacement‘

~

Energy Information Administration’ - ,
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(.

equrpment by equrpment class, housrng type and: Census Drvrsron,
; HSYSSHR,, eg.br 3T€ SPaCE heatrng equipment shares by yeary heatmg equrpment
- class, housmg type and Census. DlVlslon, wrth 1994 and 1995

values from file RHTRSHR, and . B
REOTSHR,,,,, are the fuel shares of. replacement equrpment types by year,

-

: housmg type and Census DlVlSlon

Given these market shares, and the number of houses of each type bullt in this year,

calculate the number of unrts of new. equlpment of each class rnstalled |n new houses,
EQCAD o HSEADD, b % SHARESNM b (36)

where, . ,
EQCADD,,eg br 1S the number of post-1993 vmtage heatmg unlts added |n new
-housmg units |n the current year by. equrpment class, hcusrng type
_ and Census Dlvrsron, . ' |
HSEADD,, e s the number of new housrng units constructed in the current
: -“year by housrng type and Census Drvrsron, and
SHARESN Vegbr ar€ the market shares, for heatlng equrpment classes by housrng

type and Census D|V|s10n

For: pre-1 994 vrntage houses, there are: two categones of equipment: that which was - '
installed before 1994 and still survives, and that whlch was replaced since 1993 and

. still survrves The second of these is calculated as follows

y-1

- . _EQCSRQOMg,?’T = _E (EQC tegibir szymmm x ERZ') (37).

-

where, )

EOCSRSOy eabi is the surviving post-l 993 vmtage equrpment in pre—1 994 housing
- units, whlch accounts for housing demolmon and equrpment by

_ housing type and Census D|V|5|on, )
’ EQCRPQO,,eg 5, isthe number of replacement (post-l 993 vmtage) equrpment units

- T Energy lnformatlon Admmrstratlon :
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" demanded in pre-1 994 housmg unlts by housmg type and Census .

Division’ each year, . -

- SVRTE . s the equnpment survival function, )
HDR, - - is the housmg demolrtlon rate by housmg type, and
‘y;t S represents the age of the equipment, . . B .

RTMINLIFeg s the equrpment class minimum llfetlme from the RTEKCL t” le, _/
‘ and -7 ' ‘ -

-

RTMAXLIF,,  is the equipment class maximum lifetimé from the RTEKCL file.

. Survnvmg post-1993 equrpment ongmally purchased before the current year as

additions or replacements in post-1993 houses, is calculated as,

y-1

EQCSURW', 3., ltecann .r,.,wocw i) e <EDR)"| (38)

where, : | S - . .
EQCSUR,,,, is the surviving post-1 993 equipment purchased as additions or
replacements in post-1993 houses by housmg type and Census
Division, ' ,
VEQCADDm by IS the quantlty of post-1993 ‘vintage equ:pment added to new
_ constructlon by forecast year, housing type and Census DlVlSlon,
EQ"C"REP,'G_,,,,,,, is the number of equipment replacements of post-1993 equipment

in post-1993 houses,

" SVRTE- is the equipment survnval function, .
HDR, ' ' is the housmg demolition rate by ‘housing type,
y-t ' .represents the age of the equnpment '

RTMINLIEeg is the equrpment class mi_nlmum lifetlme from the RTEKCL file,
and L o y )
RTMAXLIF,,  is the equipment class maximum fifetime from the RTEKCL file. -

For multi-famil‘y and mdbile post-;1 993 homes Only, the amount of replacement

' Energy lnformatlon Administration y i
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. equipment (with no technology switchihg_) required this year is-
EQCREF, yeghs = r_E (EQCAD yeghe x MRF) "EQCSURy.q,b,r o (39)
-. where, ) . . - | o
' -EOCREPY,;g,b . is the number of units of equipment required to be replaced ‘this
~ 'year ini post-1 993 multl-famlly and mobile homes by housrng type )
; and Census DlVISlOI'l, - _
' 'l':'.OCADD',,,,,g;,J . - is the number of units of equrpment added so- far in post—1993
. houses by housing type and Census Dwrsron, and ' '

_EQCSUR”;g br :|s the number of unlts of equrpment added so far in post-1993"

. 'houses that still survive, by housmg type and Census Dwrsron

'- 'A new model feature, a technology chorce component allows swrcchlng when
replaclng space heaters.in post-1993 (and pre—1 994) slngle famrly homes only. Users
may specn‘y the fractlon of homes which may swrtch away from a certain technology'
by settlng the values RTSWFACT in the RTEKCL data file. Retmng values are first .
calculated as in (39) and stored as OEQCREP, ., 1 - The code then calls SUBROUTINE
- REPLACE(EU, RSYR R,B, RECCL 1) for: replacements ‘with- swntchmg in -post-1993

v

srngle-famlly housing where,

{

EU - s the end use numbe_r (1 for spacs heatingl, e
'RSYR ' .. is the calendar year," ' e |

R o is the census division,

B -is’ the burldlng type (currently always 1 for smgle—famlly),
| RECCL. " is the record number from the RTEKCL frle,

FLAG . .is set = 1 for post-1 993 housing.

N

REPLACE is descrlbed in the next sectlon ‘
The total amount of pre-1 994 eqmpment remalmng in pre-1 994 houses is computed

’ . : Energy Informatlon Admlmstratlon ‘
B-28 “ NEMS Residential Demand Module Documentation Report



as:

- Ea'cwbmm,,, EQCESE,m,b,xEDRb , fy=1993 )
: : ‘ (40)

BQCNDI, , = BQUNDI0, 1, % HDR, " | 11998
where, o C o . :
EOCNde”W 5 is-the total amount of pre-1994 equrpment remalnmg in pre-.
‘ 1994 houses by year, equrpment class, housrng type and

' . Census Dlvrsron, S . ‘
EOC'ESE,ég's,eg 5y - isthe stock .of'equrpmen_t in 1993 by equipment“class, housiné' R

PR type and Census Division, . ‘ .

' HDR, | "~ isthe ho‘using,demolition rate by housing type... T

Replacement units. (post—l 993) equrpment requrred for pre-1 994 houses in the current:

’ year for multr-famrly and mobrle homes are calculated as,

EQCRPgoy.es.b-r EQCND y.ee.b,r EQCESE),“’” EQCSRWM%, o .(41-)

' where,
EQCRPQO eqsr 1S the number of replacement units requrred in the clrrent year for ‘.
pre-1 994 multi-family and mobile homes by forecast year, housrng '
' type and Census Division, ’ _
EQCNDQOY,eg,,,, is the total equrpment required for pre-1 994 houses by forecast
'. year, housing type and Census Division (i.e. the sum of EQCRPY0, .
EQCSR90 and EQCESE), ' ‘
EOCESE veabr . is the surviving pre-1 994 vrntage stock of equrpment in pre-1994
’ vrntage houses by forecast year, housrng type and Census '
‘ DIVISIOI’I, and N
EQCSR90,,, is the forecast of survrvmg post-l 993 vrntage equrpment in pre-
1994 housés. S

A second call to SUBROUTINE 'R_EPLACE(EU,RSYR,R,B,BECCL,Z) allows sWitching to-

- Energy lnformatron Admrmstratlon : E
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© any technology when replacmg space heaters m pre-1 994 slngle famlly homes only.
: .Retlrlng values are first calculated as and stored as OEQCRPQO yreg 1 Users may
. speclfy the fractlon of homes whlch may sthch away froma certam technology by
setting the values RTSWFACT in the RTEKCL data file. In the second call FLAG = '
2 for pre-1994 housing.. the description of REPLACE follows

 REPLACE {Technolagy Swztchmg Component}

The technology swrtchmg component allows swntchlng ‘when replaclng space heaters, ,
heat pump air condltroners, water heaters, stoves, and clothes dryers (EU = 1, 2, 3 '
4, 5, respectively).in smgle-famlly housmg (B = 1) When called with- FLAG = 1, the"
‘subroutlne calculates replacements in post-1993 housmg and the local variable
.-RETIRED i is set as f_ollows ‘ _ _
| " REmmED, = ORQCRER,;, w2)
. where, . : R ' L
OEOCF?EPy eq.1.,r 1S calculated as’in (39) for all end uses.

When called wrth FLAG 2, the subroutme calculates replacements in pre-1 994 .

‘smgle—famlly housmg and the local vanable RETIRED i ls set as follows: . ’ |

. RETIRED, ., = OEQC Opctr . . ‘ (43) -
. vvhere,"' _ - - | .
' osa‘capsoy,eg,,; s calculated,_‘as'-i:n‘ (41). B

The number of. homes that may swntch in each equrpment class is calculated as,

RPSHARE, __, .= ¢ FO"ElSqm + mmwx(_mmm CAPITAL,,,, + RETALL ., +RP1NSCOSTW)] (44)
Sum to find the total number of switches.

-
i
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Finally, d.ivi‘c'ie‘ the number of switches in Aeach' equipment class by the tctal ‘number

_of switches (if > O) to calculate the share of replacement equipment which may

switch.

o RPS |
RPSHARE, 5,y = HARE’W"’—' #MSH’J,'QO

_ TOTSH,,, (46)

RPSHAREym’b{=O,. o ", OﬁlerWlse

where,

RPSHARE,,ggsus,;

 RPSHARE, gy
RTSWBIAS o
RTSWBETA .,

LFCY, essw,p,rv

|l

CAPITAL,,
. RETAIL,,
RPINSCOST

eg,egsw

TOTSH, ,,

is the number that’ will swrtch to equrpment class egsw'on

'_ replacement by year, housrng type, and Census Dlvrsron,

is the share that wrll switch to equipment class egsw on

replacement by year, housing type, and Census Drvrslon, .

ls the consumer preference parameter for swrtchrng to ‘this

equrpment class, -

is the parameter value for the same fi t ,
is the lrfe-cycle cost of the equipment type switching to (essw)
by year, building type, regron, ‘and vintage,

is the installed -capital cost of: the equrpment whlch is

subtracted from the llfe-cycle cost for replacements_, basedon ..

calling function EQC‘OST with RTEQCOST .. ,
is’ the retarl eqmpment type cost which is added to ‘the; life-

cycle cost for replacements, based on callrng“functron EQCOST

' wrth RTRECOST,_,&‘W,

is the cost of swrtchmg from equrpment class eg to egsw on

swrtchrng, and-

'is the total number of homes that will switch space heater

Energy lnformatron Administration
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technologies.

Replacement units (post-1: 993) eqUipment required for pre-1 294 homes in the current -

year for’ smgle-famlly homes. where switching is allowed are calculated as,

RPSHARE iowbr

\R}SWFA CTo

’

BQURPS0, sy = T, “»,*RPSHARE,W,*RPSWFACT S an,
. where, . .
, EQCRPsby’égsw by "is the number of replacement unlts requnred for snngle—famlly
R — :, pre-1 994 houses by forecast year, housmg type and Census -
, o : D|V|$|on, | .
'RETIRED,,,eg;,, ,,' - is- calculated as in (43), by forecast year, housmg type and

Census Diyision,

is the. share that erI switch equnpment class (egsw) on

,replacement by year, housing type, and Census Division, and

is the fractlon who may swrtch from equlpment class eg.

. 12

Replacement umts (post-‘l 993) equipment requured for pre-1 994 homes in the current

year- for smgle-famlly homes where swntchmg is not allowed are calculated as,

- EQCRPS0, 5, E et 1 - RESWEACT). 48)
where, , o ,
’_ EQ_CRPQO,,,eg,z;,  is the number of replacement umts requrred for smgle-famlly -
. ) B N pre-1 994 houses by forecast year, housing type and Census
o A Division, _ ‘ '
. RETIREDy,eg’}, - is calculated as in (43), by forecast year, housmg type-and.
| S /' Census Dlwsron, , ' o _
Z-RTSWFACT,_,g . is the fractlon who may not- swntch from equnpment class eg.

EN
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For replacement.'cnits. (post 1993) equ_ipment required for pos't-"l_993 single ‘family
homes in the current year technology switching is allowed. The share of replacement -

equipment which, may switch is calculated as in (44) through (46).

Replacement units (post-1993) equnpment requured for post—l 993 homes in the current

year for smgle-famlly homes where switching is allowed are calculated as,

EQCREPW,,,,, E “,,,,*RPSHARE,W,,,*RPSWFACT o (49) .

where',
EQCREP,,oysiis

RETIRED,;; ,,

RPSHAREy,egSM o

RTSWFACT,,

is the number.of replacement' units required for sirigle-family

post-1993 ho’uses‘ by forecast year, hou_slhg type and Census -

Division,

is calculated as in (43), by forecast year, housing type and

Census Division, -
is the share that will _swit_ch edulpment.class (egsw) on
replacement by year, housing type, and Census Division, and

is the fraction who may‘éwitch from equipment class eg.

Rebl,ac'emer_ut units (post-1993) equipment reduired for post-1993 hcmes in the current.

year for single-family homes Where-switching is not _alldwed are calculatéd as,

. EQCREP, .5, = 2 RETIRED,;,,,,*( 1 - RPSWFACT,)) - ’ -{50)

where,
EQCREP

y.eq,b,r

RET, IRED

v.eq.b,r

1-RTSWFACT,,

is the number of replacement. units required for single-family

- pcst—l 993 houses by forecast year, housing type and Census

Division;, .
is calculated as in (42), by fol'ecast year, housing type and

Census Division,
is the fraction who may not switch from equipment class eg.
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RHTRCON (Heatmg Energy COnsumptmn Component) )
_The shell integrity component uses: three mdrces to capture thei mcreases in the energy
.eﬁ” ciency of burldlng shells over time: One mdex corresponds to the pre-1 994 houslng’
' stock and two indices correspond to the post-1 993 stock one for housing
constructed in the current year and the: other for the average post-1993 stock. The ‘

_ shellindices are adjusted each year to account for fuel prrce mcreases (decreases have . "
no effect on shell lntegnty, i. e shell effrcrency mcreases as price- mcreases) and _

technology lmprovements

An important part of'shell'integrity is the quality of. wiridoWs In the lEnergy Policy Act,’
there are regulations that requrre'that all new wmdows be labeled with an index that
describes their lnsulatlcn propertles These regulatlons wrll be phased in over a period '
. .of years, begmnmg in 1995 - The resrdentlal module evaluates the impacts of these
regulations by means. of an annual rnput vanable, EPWINPCT that gives th'e
proportion ‘of existing houses expected to be subject to wmdow labeling, - This
quantlty, Wwhen' multlplred by the fractlon of heat savmgs expected to be afforded by
labeled wrndows, currently set at .08, glves the. expected savrngs rate due to window
. labeling, EPACTH -shown above in the sectlon entrtled EPACTWD on page B—13
Space heating equxpment chorce beglns W|th the calculation of a factor that adjusts
for brased temperatures in elther the base year or in the year under conslderatlon, in l
each region, o z '
o HDDADI,

@DFACT; st SR - (51)
. . - mDAD.’1m’ . " . ' . ) ‘
yvhere, ' . . r
HDDFACT, is a set of regional‘factors to -be used in this.year to adjust for

| _ abnormal temperatures either in this year or in the base year, and
HDDADJ,,.  ° are regional population-adjusted ,heating‘degr_efe#days by Census
- division and historicalf year, 'vyith, forecast years filled in with the

’
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latest historical year, from the RMISC file. -~ .

t
i

‘It then calculates the average efflcrency of all 1993 heatlng equrpment

mms?FFy '[mmsm e [ 1. - %-Sg; )xzocm*{.w) -‘?%;ﬁ 152) ..
V\rhe're, - - .
RTBASEF'Feg,, " isthe stock average‘effrciency for the remaining 1993 equipmént :
EOSESE,,,eg: ' .’IS ‘the remalmng stock of 1993 heatlng equipment, by year and
' ' -equlpment class, and - S :
EOCE'FFY,' e;q ~-is the average efﬂcrency of equrpment retired in each year, “from

the RSEFFO1 file.

The next step in the component calculates the percentage price change for all heating B

fuels as, ‘ ‘ ‘ B '

PRICES;,, - PRICES; 1000 = 1~ ° . (53)
PRICES; 100 PSTEP ' :

PRIDELTA,, =

Where, _ , ‘ , :
. PRIDELTA,, is the percentage change in prlce from the base year by fuel and
| Census Division converted to 5 percentage point mcrements, _

PSTEP _ . . isa ‘constant that is set 1o 0. 05 to convertthe percentage change

' ' in fuel price to the number of 5 percentage pomt mcrements of

‘ : pnce change, '

PFL’ICES,,I y IS the fuel ‘price by fuel Census Division and year, and _

PRICES,,,, 100 is the 1993 (base year) fuel price by fdel and Census Dlyision.

The existing housing heating shell index is calculated as,

° Energy Information Administration -
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zmc,',,-mu,.,’,; T ,;fzmz,,,>mm,_,,,

- EASHELL,, = ar - . ,gfmr.,, 2LMT . (59
msuau,,, = (1. - PRIDELTA,, x x SSTEP) x mcae, B : '
Cox{l - Emcm,_,) 7y ofherwise
where, . ‘ ‘

' EHSHELL,,,,, is the heatlng shell mtegrlty index for ,exrstmg housmg by year,
' - fuel and Census Drvrsron (the Iower the value of the index, ‘the
_ greater the shell efﬁcrency), ' o '
- LIMIT " limits the maxnmum shell index effrclency to 0 6 (| e., maxrmum
shell efflclency rs limited to belng 40 percent more effrcrent than .
g , the base year value),” .
-SSTEP . . | is set to 0.01 and is a component of the shell elastlclty wrth‘
: | -respect to heating fuel price, ' ’ o '
TECHG, Tisa parameter representrng the annual increase in exrstlng shell_
_ ~ integrity due to téchnology lmprovements, and . -
| ,EPACTHV _ is the prOjected national fractlonal savings on heatlng energy
' ‘consumptron from the EPACT wrndow labehng program in year y,

from the RMISC file.

VPSTEP converts the percentage change in prlce to the number of 5 percentage pomt
rncrements of prrce changein Equatron (53). In equation (54), PRIDELTA is multlphed
by SSTEP and converted to ‘the’ shell effrcnency index. Every 5 percentage pomt
increase in fuel pnce relatrve to the base year résults |n a shell efflcrency |ndex
decrease of 1 percentage pount of the base year shell effrcrency up to the llmlt of 0 6

’ ! /

For convenience, the heatmg consumptron subroutme also computes the cooling shell ‘

integrity index, which is not a functlon of fuel, as almost all coohng is electric:

. £

' : Energy Information Administration .
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;fEcsmL, > zcsmm.,_,,

Ecsazu, ECSHELL,_ : | 3
Ecsaw.,, T .#ECSEEU-, s LM (55)
Ecm . —PRD%xSSIE)x?ECH : '
x(1. - EPACTC, ) . . - , otherwise .
‘wher_e, : :

ECSHEL.L}’,,',  isthe coolmg shell integrity mdex for exustmg housmg by year and

‘ e ACensus Dw:smn (the lower the value of the lndex, the greater the -

shell eff:cnency), and - ‘

' EPACTC, . is the ‘projected nataonal fractional savings on coohng energy

| | . consumptlon from the EPACT window: labehng program in year Y,
 from the RMISC file. .

‘The lower llmlt LIMIT, the elastncnty, SSTEP and the technology change TECHG, are.

the same for cooling as for. heatlng

The new housmg heating and coollng shell mdlces are calculated as,

-

' NHSHELL,,, NHSHEIL,_ik : . e gfmm}?# NMIL,_{# X

ms%, = LMIT L ,ifmma,,<mar A (56)_.'
' NHSHELL,,, = NHSHELLgqy,, - (y-1) % mczea o -7
' T + PRIDELTA,, x SSTEP oa‘wrwzsc
Nm, = Ncsmy_’;,,’ S , f NCSHELL,, > NCSHELL,,, -
NCSHELL,, =LMIT - - -,‘?NCSHELL,;.<M. o -(!'_-;7)

‘NCSHELL,, = NCSHELLigs, - (7-1) * TECHG, ..
S + PRIDELTA ., x SSTEP . | otherwise
where, .- - _
NHSHELL, ;, is the new housing unitsl shell. integri_ty index fo‘r‘heating‘ by yeal,
| fuel and Census Division, ' | -
NCSHELLY,, IS the new housnng units shell integrity index for coohng by year .

and Census D|V|S|on,-

. Energy lnformatxon Admmlstratlon o
NEMS Resmential Demand Module Documentation Report B-37



TECHG,
PRIDELTA,,

SSTEP

isa parameter representmg the annual lncrease in new shell

‘ .mtegnty due to technology |mprovements,
s the, percent change in price. of the fuel by Census D|v15|on in 5

percentage pomt increments, and .
is set to 0.01 and- Js a component of the shell eIastlclty wrth :

respect to heatlng fuel prlce

Note here that the EPACT Windovy' labeling 'standards 'are.assu.med_to apply only to’

existing homes, not to new ones. '

The average pos‘t—1§93 housing'shell'indices' are,‘calcu'lated as a 'vyei‘ghted average

across all burldmg types and vmtages,

EE NHSHELL 4, x EQCADD,,_;; ] L
+AHSHELL, 1 5, %{ EQCREF, yx&:*mcsgxymk) (58) :

Aasmz.,,
g E EIEQCAD m,wocmmq-zqcsmm,,,]

where,
© AHSHELL,;,

- NHSHELL,,,,

EQCADD”eg,,,

EQCREP, o0

’

EQCSUR,.,;.

is the average post-1993 heatlng shell lndex by year, fuel and

. Census Division, equal to 1 in 1993, . e !

is the new housmg unlts shell mtegrlty mdex by year, fuel and
Census DIVISIOn, ‘

is the number of equnpment unlts mstalled in new constructlon by

'forecast year, housmg type -and Census DIVlSlon,

-is the number of equrpment replacements of post-1 993 equnpment

in post-1 993 houses, and

is the survwmg post-1993 ‘equipment purchased as addltlons or

-replacement in post-‘l 993 houses by forecast year, housing type '

and Census Division. . ce el

in addition to the calculation shown above, the module places-the same restrictions

‘. i
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' upon AHSHELL,,,, as upon NHSHELL,,, it may never mcrease, and it must not fal[
" below I.IMIT If ever AHSHELL, is calculated to mcrease, its value is set to the pnor :

year’s value, |f it falls below. LIMIT it is set equal to LIMIT

And :for cooling:
ACSHELL” +ACSEELL,_, x(EQCREP,m”-rEQCSUR,@,) ) (59).
EE WDM*W mﬁ.r*mlmynﬁ.rl o

where, , : X :
ACSHELL,, . is the average post-1993 coollng shell index by year and Census -

DIVISIOI'I, equal : to 1 ln 1993 and

' NCSHELL,, ° isthe new housmg umts coohng shell mtegnty ‘index by year and.
: ,Census' Division. : : : ~

. . As above, the res"’triction.s upon AC;SHELLY,,,,' apply to LIMIT and rate of increase.i ‘ |

Unlt energy. consumptlon is next calculated for each of the vmtages of homes For -

: survnvmg equ:pment in pre-1994 vmtage homes,

| IHBASEZ‘ F1999.0 | ) (60) -
zzqc.s'mzc,,,,_,,,r EQCUEC, “,,xzzvpmcr % RIBASEFF, . (60)

where, - . '
- ECCSUEC'” eg,,,,‘, is the unit energy efficiency of surviving eqﬁipmeht in pre-1 994
vintage homes, by year, ecuicment class, housing type and
.. Census Divisicn, o - - _ |
EQCUEC,,,, -isthe unit energy efficiency of equiprhent in homes that existed
, " in 1993, by »Ceh‘sus Division, equ?pment class, and houeing fype, .

- HDDFACT, ' are the regional heading degree-day adjustmeht factors, and

RTBASEFF,,  are the annual average efficiencies for the equipment classes.’

Energy Information Administration ) :
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For new equipment: . ) ._ _
 EQCNUEC,,,, = EQCUEC, s * EDDFACT, xsqmw o . |
"Wnﬁ:me , g'mzqcmw (61)

EQCNUEC, 5, = E'@éUEc,”,waFACT xSQFTADL,, » ofherwise

| where,

EQCNUECY eq.bur is the umt energy consumptlon by year - for new equrpment for
. new houses by: housrng type and Census Dlwsron,
WTEQC.‘E'I'-%F_IV,,,,',g br 1S the equrpment weighted average mverse effrcrency by year,
} - equrpment class, housrng type and Census DlVISIon,
RTBASEFFy'egA 3 'ls the average effrcrency of the equipment class, - '
EQCUEC,,,, . - o is unit energy consumptlon for equipment in 1993 housing by -
, o Census Division, equrpment class and housmg type, .
‘_HD\DFACT,. : |s the heatmg degree day adjustment factor by Census D|V|smn" :

to correct for the unusually warm weather dunng the RECS
L ' survey year, and ‘ | o '
SOFTAbJ” ,,;, ; . adjusts for the mcreasmg average ﬂoor area of new homes, as
. - compared wrth the RECS base year ' '
. The new UEC for furnace fans, NFANUEC is computed srmllarly
Replacement equipment UEC values are caIculated as:
BQURVEG, s, = BQCUEC, g x WIEQCEFTE, 5, L
o xRIBASEFF,mxHDDFACT ,#W!EQCHFR, - (62) )

.EQCRUEC,’;_'”~=EQCU s x HDDFACT, -, ofherwise ~

~ where, ' - ]
EOCRUEC wes. 5r _ isthe unit energy'consurnption for replac'ement equipment by

housing type and Census Dlwsron,

I-?‘TBA.'.f>-‘EFF,g9§,,_,g s the efficiency of the werghted average of ret|r|ng units from o

the 1993 exrstmg stock and

’ Energy Information Administration
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WTEOCEFFR Viegr is the replacement equment mverse effrclenoy werghted by
C ’the market share of the specific equrpment type as computed
in the log- -linear functlon in the technology chorce component

by housrng type and Census DlVlSlon

The average UEC for all 'equipment is calculated as:

EQCAVEC, 4, = EQCNUEC, m,xmmma ‘ ,,ffy-isas ,

EQCAUEC, ”»-Eocmzc S , Fhe equipment stack 5 0
T EQCRPSO,,,, xmvzcm,," (63)
+EEQCREPM+EQCADD”::))XEQCWUECW B

' __+ (BQCSR0, 5, + EQCSUR, ;) x EQCAUEC, 4 perwt

BQCAVEC gt = EQCRPN,,,,,MQC :,,+EQCAD e -

+ QUSROG , + EQCSUE,

. The average UEC for furnace fans, AFANUEC is calculated srmllarly
. The welghted ‘average mverse effrcnency of all equipment is calculated from the

' effrcrencres of equnpment rnstalled this year, and the average of all equrpment from:

~

Iast year: S - K
'TEMP = EQCRPS9, m:*Wm»ﬁEQCADD ,,,+chsmomb,+zqcsvx,w (64),

YA

WIEQCEFFA, 5, = qucmm, ' B o y=1988 or TEMP-0
WFAI#;W WTEQCEFTN,”” ,: S o o - . (65):
' X (EQCRP0, 55, + Wm.bf ".EQCADDW)_ . S
+ WIBQCEFFAy1ess S :
x (EQCS yegbs * EQCSUR:AJ’:) ) ’ m

' The fmal step of this component is to calculate consumptlon for the service category
This is ac,compllshed in two steps. The first year of the forecast is computed 1nltrally. N

as, .

1
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[[ EQCESE, xEQCUEwaMSHm” ’}x | RICES,, ]

O ST+ Bocon, ) B0aUSC,  msmELs, o e | (66)
s ‘e |+ meWxEHSHEU, o zsr-if-r
and subsequent consumptxon as, , _ |
‘ ‘ X .’ \
] chmsm,,,,x zqcsvch,,x zasmr;,“ :

_ .mopuwmmcm,xmsmz, xRN | o o ..
MON _ 2 E | +EQCRPI0, 5% BOCRUEC ;0p,% EHSML:’%" RER ., | ( % )‘ :
: | + BOCSRS0, 45, EQCATEC, 5, Mk RBAy s, | \ PRICESygy |

o+ EQCREP, ;3% EQCNUEC, 1y, Am:: RBN, o -

AU m"&m.rx mwcra.b.rx W::x R%m: )

- .(67)
" where, _ o _ .
a is the short-term price elasticity,. presently valued-at .15, and

, Here, there isa new concept called the. “rebound effect" that- accounts for the fact
that lncreasmg equrpment efﬂcrency for. a partlcular equnpment class causes a

'correspondlng change in the prlce elastncrty for: the class Three vanables represent

| thls effect: o , _ .
Rmm,,, WTEQCEFFA,M,XMBASEFF"M L - (68).
Rﬂkmr WW% Xmmfm' L . (69)
REN,,, mmcmm,xmm,m N
V\rhere,_ L L . o -' ‘ ’:\ ‘

RBA,, e;, b is'the rebound effect factor for survrvmg equrpment,
RBR,; - is the’ rebound effect factor for replacement equrpment and
RBN, ., is the- rebound effect factor, for new equrpment ‘

Consumptlon by furnace fans, - FANCON is computed in a srmllar fashlon for those

: " " Energy Information Admmlstratlon
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systems that require them, . L .

Space Cooling

| RCLTEC (Air Conditioning Equ:pment Choice campanent}
Space coohng equipment choice beglns with the calculation of a factor that adjusts

for biased temperatures in elther the base year orin the year under consnderatlon, in

.each région, .

where, 3
CD'DFA'C7}

CDDADJ,,

' ‘copaps, . - - -
OOy - {71
cm“c_r' CODAD e, - '

is a set of regional factors to be used in this year to adjust for o
"abnormal temperatures either in this year or in the base year, and -

are re'gional population adjusted coolin‘g degree-days by Census,

-. _division and historical year, with forecast years fi lled in with the

latest hlstoncal year, from the RMISC frle

Operatlng costs for coolmg equrpment are calculated like those for heatlng equipment,

wuth the exception of the degree-days factor:

.. OPCOST,,,

where, ’
OPCOST, o 1.1,
PRICES,,,
EQCUEC,,

RTEFFAC,,,
CSHELL,., ,,

PRICES}” x <5 ¥ CDDFACT, , 'x RTEFFAC,, x CSHELL 4,, (72)

is the operatlng cost for the air conditioner equrpment type by
housrng type, Census Dwrsron, and vmtage in the forecast year,
are the fuel prices by region and forecast year, from elsewhere in
‘the NEMS system, , ’
is the electr|c|ty umt energy consumptlon of 1993 room air
condltlohlng equrpment by Census DlVlslon_ and housing type, and
is the_ ‘efﬁciency adiustment fcr the generic equlpment .type. ‘
is'the'shell efficiency adjustment to ‘account for building ‘shell

improvements over time- (which reduce cooling loads).

Energy Information Administration
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The ‘followrng vanables are computed as in the equatlons rndlcated

LFCYm by IS the room air condmoner type's life cycle cost by year, houslng

type and Census Dlvrsmn Itis computed as in (20) above
EQWTN hessr IS the equrpment werght for new equrpment types by housrng
_ type, Census Division and year It is computed as in (24) above.
‘ :EQWTR,,'ES,,, - Is the equrpment weight for replacement equrpment types by
- housing type, Census Dlvrsron and year. ltis computed as in (25)

~ above. r '
: TOTEW_TN gt |s the sum. of equrpment types welghts for the new equrpment
l class. It is computed as in (26) above. ,

‘ TOTEWTRy,eg ir is the sum of equrpment types werghts for the new equrpment

- class.’ ltis computed as in (27) above.

Market shares for equrpment types wnthm the coollng equrpment classes distinguish:
also . between heat pumps, whose numbers have been determined in the heatlng
* choice component ‘and other coollng -equipment. For heat pumps, \ ‘
memﬁr mmm.b.r S (73) -

, and for-other coollng equrpment

e o
. ':' . ' - ).’ mw._m“g?&m oL (75)

TOTEWIR s,
where, o
NEQT&‘HI?,,,,s b is the new market share for the new air conditioner equrpment
type by year, ‘housing type and Census Drvrsron, |
REQTSHR esbyr is the new market share for the replacement air condltloner

) equrpment type by year, housrng type and Census DlVlSlon,
TOTEWTN

Voeq.br _is the sum of equrpment type welghts for the new equrpment

[y
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_ class, .
TOTEWTRyeg’,,, is .the sum of equrpment type “weights’ for ‘the replacement,"
equrpment class, - -
EOWTNY,B;,D,, is the equrpment welght for new equrpment and :

.'EQWTR,,, eshr is the equrpment welght for replacement equrpment

Welghted average inverse efficiencies of the types of coolmg equrpment into the|r

classes are: calculated exactly as m the heatlng component

WTEOCEFFN,,eg b |s the weighted average inverse eﬁncrency of ew equrpment

‘ types within each. eqmpment class by year, housmg type, and
Census Dwnslon, computed as in (32)

WTEQCEFFRY eabr is the weighted average inverse . effi iciency of replacement -
equrpment types wrthln each equipment class by year, housmg'

type, and Census DlVlSlon, computed as in (33)

RCLADD (Additions and Replacements of Cooﬁ'ny Equipment Component) i ‘
leen the complex dependencres between choices of heatmg and cooling equipment,
the coollng additions loglc begrns very dlfferently from that for. heatlng ‘Central air

_ condltloner addltrons are. calculated from housrng addltlons and a set of saturatlon- ’

" levels:

Eocw scucss = BSEADD, xCACSAT,, - (78)
where’, .- ' N '
EQCADD,, cAChr is the number of central air conditioners added to new (post-1 993)
housing units.by year, housmg type and Census Division,
HSEADD, ,,, is the amount of housing additions by year, housing type and
' ' Census Division, and , :
CACSAT,, " is the market penetration: level or saturation of the market for
central air conditioning equipment by housing type and Census
Division, from the RMISC file.
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For room air condrtloners, there are srmllar saturatlon levels R
| EQCADD,M_,,, HSﬂDD”xRACSAT” o SN 4 )

‘where,” S
EOCADDY RACh,r 1S the number of room alr conditioners added to new (post-1 993)

_ . housmg unlts by year, housing’ type and Census DIVlSlon, '

' 'HSEADDY 5 J-. is. the amount of housmg additions by year, housing .type and ‘

Census Division, and ‘
RACSAT,, r " 'is the market penetratlon level or saturatron of the market for
. room air- condltlonlng equnpment by housmg type -and Census

Dwrsron

.

For heat pumps, however, addltlons are determmed by the number of assoclated,
.furnaces installed in the heatlng addltrons component: . A
EQCADD, _,,, Eo,cwnmw~ N | I
where, T, : S /‘
' EQCADD,, Py . IS the number of heat pumps used for space coohng added to new
(post-1993) housmg unlts by year, housmg type and Census'
. ) Dlwsron, _ o o
EOCADD,, e iSthe number of heat pumps used for space heatlng added to new
housing units by year, housrng type and Census DlVlSlon, and
RTCLPNTReg is the pornter to the heating equnpment class assocrated wnth the

coollng equrpment class

The number of central air 6onditioners calculated from the saturation level in equation '
(76) included electrlc heat pumps. To convert that-to- non heat pump-central air
conditioners, ‘the component subtracts off electric heat- pumps, but leaving ten

percent,.n‘ heat pumps excee_d total central air conditioners:

. ‘ Energy lnformatlon Admmlstratlon
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BQCADD, iy, = 01 X EQCADD,zps, - #EQCADD w,szecw et (79)
EQCADD, ¢4, = zqcanp,m,, ~ EQCADD, sy, , Otherwise’ :
.where, . _ L S _
- EQCADD, ., br is the number of central alr condrtroners in each equrpment class
added to new: (post-1 993) housmg unlts by year; housrng type.

' and Census Division, s o :
eg . . is the space coolrng equrpment class where the RTEKCL f le
deflnes that 1= RAC 2= CAC 3 Electnc heat - pump,.. S

4= Geothermal heat pump, and 5= Natural gas heat pump.

Survwrng equrpment follows the same drchotomy as the other calculatlons, between '

: heat pumps and other equrpment For non heat pumps
'EQCSM,,.;,J,, [EQCRP” B XEDR? sz,-gmw‘.mm.] . '(SQ)

For heat pumps: , 4 _ S _
EQCSE0, = EOCRO e s, . A81)
* where, , , ' S | ' .
EQCSR90 veanr - 1S the survrvrng post-l 993 -cooling equlpment in pre-l 994
' . housrng unlts by year housrng type and Census DlVlSlon,
EQCRPQO veq.br is the number _of replacement (post-1993 vintage) equipment
reqdired.’for pre-1994 housin.g units by year, ho‘us'ing type and

Census Division, .

HbR,, ' is the,houslng' demolition rate by housing type, and
SVRTE . ~ isthe equipment survival rate, S 3
RTMINLIF is.the equrpment class minimum lrfetlme from the RTEKCL file,
, , and- - T o ‘
RTMAXLIF,, ~ ' is the equipment class makimdm lifetime from the RTEKCL file. - '

The coollng equipment needed in pre-1 994 housrng is.
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EQCNDHN, 5, = EQCNDI, 53, % HDE, FP1988 82)
- where, ' o ’ | . '
. EQCND90,,,,, s the number of air conditioning units needéd in pre-1994
o housmg each year by housrng type and Census Dwrsron,

_ EOCESE,Q_‘,&% o - -isthe pre—1994 alrcondltlomng equrpmentm pre-1994 housmg '
- ‘units in the base year by ‘housing type and Census DIVlSlon,- '

“and’ ' '

" HDR, . - - . is'the hoosi'ng ‘demolition rate by_.hol._lsin'g type. .

For centrally alr-condrtloned smgle—famrly houses, there is a penetratron rate that .
descnbes new units added in pre-1 994 houses: - . -
| EQCNDS0,;,, = Eocwbsmm,,xcacpx, S (' o ,(83)
where,” o _ | a
CACPR, are regronal penetratlon rates for. central air condltroners fromthe RMlSC' .
“file. '

.Current year replacement equrpment in old housrng also rnvolves consrderatlon of heat .
. pumps assocratron with heaters For rion heat pumps, - ' ,
| ‘ mmymb.r EQONDS0,,,5, - MEM.» EQCS b - o (8,4) ,
and for heat pumps, _ . L _ .
Eocxm,m=mc e (8B

‘where; . , |
EQCSRQO egb, is the survrvmg post-1 993 central and room air condltlonlng
' ' equrpment in pre-1 994 housrng unlts by year, housmg type and

~ Census DlVlSIOl’l, ) ‘

EQCRPQO easr 1S the. number of replacement (post-1993 vmtage) equrpment
' demanded in pre-1 994 housmg unlts by year, housing type and

“Census DIVlSlon, \

. S . Energy information Administration”
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' EQCESE,,.,,

is the amount of survrvrng pre-1 994 vintage space cooling -

equipment in pre—1 994 vrntage housed by housing. type and_ o

Census Division,

’ EQCNDQO,;,eg,;, - is the total ‘amount of survrvmg pre-1 994 room and central air -

. .condltromng equrpment in pre-1 994 housrng each year by housrng | o '

EQCRP90, .,

RTCLPNTR,,

type and Census D|V|sron, ,

|s the number of heat pump replacements for space heating in pre-
1994 housing unrts by year; "housing type and Census Division,
arid e | .. _ . |
_is the pointer to the‘ neating equipment class associated with the

- cooling equipment class.

Survivind equipment in new houses requires the distinction for heat pumps. For non

heat pumps,

EQCS%

E [(zocm e * Eocm,;;; x EDR}"  SVRTE, ¢xruncus e (86) |

and for heat pumps, ’

where,
EQCSUR,.,,,

.. EQCADD,,,,

eg.b,r

. EQCREP,

HDR,
SVRTE

RO < R 8D

'is the ’nu‘mlv:\_oer of surviving room and :centrat.air conditioners in.
"post-1893 housing units by year, :housing type  and Census
Division, - , - _ . o

is the number of units of space cooling equipment in each class '
added to new (post-1 993) housrng units by year, housmg type
and Census Division, . R

|s the number of equipment replacements demanded in post- 1_993':
housing units by year, housrng type and Census Drvrsron,

is the housrng -demolition rate by housrng type, and o

|s the equrpment survrval rate,

[Energy Information Administration _
NEMS Residential Demand Module Documentation Report ) B-49



RTMINLIF
RTMAXLIF,,

. RTCLPNTR,,

. is the equrpment class mlnlmum llfetlme from the RTEKCL flle, ,

is the equrpment class maxlmum hfetlme from the RTEKCL flle,

-and _ .
- is the pomter to the heatmg equrpment class assoclated wnth the

coolmg equnpment class.

Finally; demand for replacernent cooling equipment in new homes for non heat pumps

-~ is

BQCRER,i5, = 3. | EQCADD,s, x HDRS" | - BQOSUR, s .+ 1881

for.he'at pumps:

where,

'_ EQCREP,, estr ‘

E QCSURv,ey,I;.r :

E QCAD D l';ey,bf

HDR,
RTCLPNTR,,

‘ EQC yeehr Wym,» (89)

v

is the number of equipment repla'ce'n'lents demanded in post-1993 |

'housmg umts by year, ‘housing type and Census. D|v1s10n,

is the number of survrvmg room and central air- condltloners in
post-1993 housmg unlts by year, housmg type and Census

DlVlSIon,

is the number new, central air condltloners orlglnally purchased for
new housmg addltlons by year, housmg type and Census D|V|S|on,‘ .

'|s the housmg demolltlon rate by’ housmg type, and .

is the pointer to the heating' equrpment class assocrated with the

coollng equrpment _class. .

Slnce replacements for heat. pump -air condltloners equal replacements for heat pump,

furniaces, and swrtchmg ‘was allowed on replacement of heat pump furnaces,

switching. on replacement of ~heat‘pump air conditioners. occurred in RHTRADD. No

__‘switching on replacement of central or room air conditioners is allowed since these

numbers are based on historical data; Therefore, Subroutine RCLADD does not call

B-50

)

- Energy lnformatron Admlrustra’aon

NEMS Residential Demand Module Documentauon Report



- Subroutine REPLACE.

RCLCON (Coaﬁng Energy COnsumpﬂan Companentl

’ Energy consumption for space cooling is" calculated much like the comparable’

quantltles for spacé heating. Space coolmg equrpment consumptlon begms with the |
calculation of a factor that adjusts for blased temperatures ln either the base year or

'in the year.under consideration, in-each region,

. CDDFACT, _ _CDDADI,, o - .(90) .
. CDDADJ oy, -
. w'here,". S .
' C‘DDFACT, “is a set of reglonal factors to be used in this year to adjust for

, abnormal temperatures either in thls year orin ‘the base year, and
- CDDADJ,, are regional populatlon-adjusted cooling degree—days by Census
' division and historical year, with forecast years filled in wrth the

latest historical year, from the RMISC flle

' It then calculates the average efficiency of all 1993 coollng equ:pment
.MFW=(1Z'!MSEFF,_1“-[1: 7%.% ,_w] ___Em l91)
wher_e', , A _ ‘ ‘
* RTBASEFF,,, is the stock av‘erage effi ciency for the remalhing 1993 equipment,
EQSESEM; s the remaining stock of 1993 cooling equrpment by year and
_ . equipment class, and & '
- EQCEFF, ., is the average .efflclency of equipment 'retired in each.year, from
the RSEFFO1 file. . Co

Unit energy, consumption is next calculated for each of the vintages of homes. For

. surviving equipment in pre-1994 vintage homes,

Energy lnformatron Admlmstratron .
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- -EQC'SUEC,‘;M = zocvzc,.,;g « CDDFACT, x TOBASELT, ’f’ ., e2) '
where, . ' |
EQCSUEC veq.br IS the unit energy effrclency of survrvmg equrpment in pre—1994A'
vintage homes, | by -year; equrpment class, housmg type and ‘
Census Drvrsron, o X
- -EQCUEC, ., . is-the unit energy efflclency of equrpment in homes that exrsted
, ’ \ . in 1993, by Census Division, eqmpment class, and housrng type, ..
) CDDFACT,- : arethe regronal headlng degree-day adjustment factors, and
RTBASEFF,,,;_,, ) are the annual average effrcrencres for the equrpment classes "
, © ‘ \
For new equrpment )
EQCNUEC, ., EQCUEmeCDDFACT xsomm,,,, R
. WIBQCEFFN, 3, X RIBASEFisosy F WIEQCEFFN, 5,0 (g3)
EQCNUEC,,,,, = EQCUEC,,,; x CDDFACT, % SQFIAD,, , oiherwise “

where, ' 3 ’ o ‘
_ EQCNUEC,, eg.bur . is the unit energy consumptlon by year for new equrpment by
. . housing type and Census Division; . ‘
WTEQCEFFNy eqsr 15-the equipment lnverse ‘efficiency by.year, equrpment class, '
_ - housing type and Census Dlvrsron, _
RTBASEFF,,, . isthe average efflcrency of the equrpment class, \
- EQCUEC, ., ,- . isunitenergy consumptlon for equrpment in 1993 houslng by
o] | . Census Division, -equipment class and housing type, )
CDDFACT, ' \ is the heating degree day adjustment factor by Census D|V|S|on :
o ' to correct for the unusu_ally warm weather dunng the RECS
| survey year, and - , i ' 4
SQFTADJ,,, adjusts for the mcreasmg average floor area of new homes, as .

‘ compared with the RECS base: year

. , Energy Information Administration
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Replacement equ:pment UEC. values are calculated in the same way as new
eqUIpment but wnthout the floor area adjustment '
. EQCRUEC = EQCUEC,, , % Wzm L, R
: xmm,,.gg x CDDFACT, » if WIEQCEFFR, ., > 0 (q;n
EQURUEC,,;, - chlr,aascwb x cvpmcr L otherwise -

where, - ] }
| EQCRUEC eg,,, is the unit energy consumption for replacement equxpment by
' housnng type and ‘Census Division, -
RTBASEEF;SQQ,Q is the effncnency of the welghted average of retlrmg units from
] the 1993 eXIstlng stock, and '

WTEdCEFFRy,eg b IS the replacement equ:pment inverse eff|c1ency welghted by o
' the market share of the equnpment type as computed in the‘

Iog-llnear function in the technology cho:ce component by

. | housnng type and Census Dlwswn

The average UEC for all 'eq'lJipment'is calculated as: ‘
EQCAUEC, 5, = BQCNUECy s, = B » if y=1983
EQCA “,,,, EQC’NUEC,&,,,'- ) . ; ' .\,gmmmw

- S . memmm# L (95)‘m

o +gzqcmm+mp “:)}xEQCNUEC
. EQCSR0,,..;, + EQCSUR ;) x EQCAUEC,: s )
EQCAUEC, ;. = 745 % zieehs | otherwise.
. vacks - . EQCRP90 “_,,+ch ) anr + EQCADD, ;. . :
+ EQCSRY, ,,, + EQCSUR, 3,

The weighted average inve_rse‘.efﬁciency _of all e_quipmént is calculated from the

efficiencies of equipment installed this year, and the average of all equipment from '

last year:.- A - P

, Energy Information Administration s
NEMS Residential Demand Module Documentation Report - B-B3

t

)i



- TEMP = mm:m + mm’rnﬁ# + EQCAD vesdr Wn&k EQCSUR,,,&,, (96)

mzqcmamk mqqzmv,m E : L ,ify—1994
‘ o . ér TEMP =0
_ mm-x E o S 2
S (mm,w+mm,w+mn ,,,,) ] Lo
mzqczmw, L i __"{chmg’ﬁfi’ chm_z’ﬂ"—’)— » oferise -

TEMP-
The final -step of thls component is to calculate consumptlon for the servnce category

| ‘This i is accomphshed in two steps The first year of the forecast is computed as,

[‘chgsz, xEQCSUECQ»xECSHELL, ]

coozcz@.w, = SX| + EQCADD, 1, xEQUNUEC, o3, XNCSHELL, x(%]] (98)

PRICES, 1z,

7mkxmyg.§:x Loy

" and subseque,nt consumption as,

m.emx EQGSUEC, ,,x EosmEL;®

- + EQCADD, 5% chmzzcm,,xxcsmz,‘;: 'x RBN; : |

|| * EQCRP0, 5% EQCRUEC, ;x ECSHELL,;" RBR,W‘ x[—mcmm ]‘
T || v EQCR0, gy x BQCAUEC, 4% Ecsmz.}*‘ x RBAyjsr | \PRICES 100

- + EQCREP, o5, EQCNUEC, 5, ACSHEL% X RBNyeg5r | - '

Co _fmm,xm mucsmz};‘,xmw, |

(99)
where_, ‘

a is the short-term price elasticity, presently v_alued at .15.
.Here, there is a new concept called the "rebcund effect” that accounts. for the fact

that mcreasmg eqmpment effrcrency for a partlcular equipment class causes a

correspondmg change in the price elastlcnty for the. class Three varlables, calculated
as the ratlo between the base effncrency and the current eff:cnency, represent this

effect . S : B
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Rmm (mmmm,xmwmw >- .7 (100).
RBR,, - ( WIEQCEFIR,, s % EIASEE g ) . aon.
.Mkh'(.mmw»xmm,m)‘ S 02y
where, _ g ' | | -
RBA, cob IS the rebound effect factor for surviving 'equipment

| 'RBRY, eg';, e is the rebound effect factor for replacement equrpment and

RBN, ;. isthe rebound effect factor for new: equnpment
" Clothes: Washers

RCWTEC {Cloﬂres Washer Technalagy Choice Camponent}

Compute current year operatlng costs,

‘ msm,m .
OPCOST, ;.. = PRICES,,,, x ch nagh X HDDFACT rF {103}

where, : .
OPCOST,csp,1 ’_ is the operatmg cost for the equipment type by year, housmg
type, Census Division, ‘and vintage, . . '
PRICES,,, 3 -is the fuel prices for the eqmpment from NEMS, by fuel by -
’ reglon and forecast year, o .
'EOCUE_C,, ag,b ' |s the unit energy consumptlon by Census DIVISIOD, equrpment
S class and housing type, '
[?TEC"EFF,&s ' is the equnpment efflcrency,
RTBASEFF;g55e5 is the 1993 stock—average efﬂclency

The following variables are computed as in the equations indicated:

LFCY, 5.,  “is the clothes washer’s life ‘cycle’ cost by year, housing type

Census Division, and vintage. It |s computed as in (20).above.

. .
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r

-EQWTN,,, vesb . | is the equrpment werght for new equrpment type by housrng type,
' Census DIVISIOI"I, and year Atis computed as in (24) above.’
EQWTR vesbr is the. equrpment weight for replacement equrpment by housmg'
" type, Census Division, and year. It is computed as in (25) above.
X TOTEWTNyeg br is the sum of equipment werghts for the new: equrpment class. It~
' ' is compUted as in (26) above.. .
: ,TOTEWTR,, ca.bur IS the sum of equrpment werghts for the new equrpment class. It
is computed as in (27) above

: Market shares for new and replacement clothes washers are next

EQWT o o ,
_____L__ . - (104
Nzomm z o } (104)

where, . A
NEQTSHRyeS,, - is the new market share of clothes washer equrpment types by
housrng type and Census Division in the current year, :
TOTEWTeg - is the sum of equrpment welghts for the new equrpment class,

:EQVI_/Tes' : is the ,e.qurpment welght for new equipment,and

The class averages of equipment type efficiencies for _clothes washing equipment are
calculated.as for other end uses: '

.. .. TEMP=T EQWL,,

2[——!—’”"*»
RIEQEFF,
9

‘l1os)

W‘yw ] ,tmm‘;

" .. where,

WTEQCEFFA,,Qs ,,,', rs the weighted average usage of clothes washer equnpment

c_las_ses in the current year by housing type and Census

. . . Energy lnformatron Admlmstra'aon '
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» ~ Division, and - ‘ _
. EQWT,; . " is the equiprnent weight.for each fype of new equipment. -

" Since efﬁéien‘cy improVerrients in clothes washers.tend to affect the amount of hot
"water used in a household, establishing a link between clothes washers and water

heaters is essential. - The impact of.rhe Io_a’d- reduction with respect to iristalling more

"efficient clothes w%shers is calculated as follows:
c. Ut

ma’ 2 EQWT, _

. ): (EQW%MADAW ) B ~.{108)
NCWLOAD . , zfrma |
NCWLOAD,,,,, = NCRLOAD, , T , otherwise

‘ where, ) o L : - r
NCWLOADy,e;,b - Iis the We’ighted everage load .ag:ljustment of new clothes _
S washers wj,th. respect to water heating load in the current year
by housing type enri Census Division, . o K
EQWT,, S is the equipment weight for eaeh ﬂbe of new equiprrient and"
. LOADADJ,, is the fractlon of hot water needed to provide 'the same level

of service,. relatlve to the base- year average

'RCWADD (Clothes Washer Additions COmponent)’
New clothes washing equrpment is: calculated usmg a- saturation Ievel for newly—
bought equrpment

EQCADD et = z[mm « FASHNEW,, ‘:‘:’:%] ' '_ ‘ (107)

where, . . ) “
EQCADD,,,,, ‘is the amount of new (post-1993 vintage) equipmeént added in -
’ " new.housing units i the current year by housmg type and Census

DlVlSlon,

Energy Information Admmlstratlon B ‘
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HSEADD is the number of new housmg addltrons in the year by housrng

y,b,r
. type and Census Dlvrsron, , )
NEWWAS[-I,, " is the share of clothes washers in newly constructed houses by '

'housrng type and Census Dlvrsron ln the.cutrent year, and .

The next step is to. calculate the numbers of clothes washers of each vmtage

. category The followmg varrables were. computed as rn the equatlons indicated:

a EOCS:RQO” eq.bur is the survrvrng post-l 993 vrntage equrpmentm pre-1 994 housrngt
S units in the current year by housrng type and Census Dlvrsmn It
is' computed as in (37) above. '

:'EOCSUR;,,eg;,, . isthe survrvrng new (post-1 993 vrntage) equrpment in the-current

' ) - year by housmg type and Census Drvrsron Itis computed as’in

_-(38) above. "~ . ,
EOCREP vegr . ISthe number of replacement units (post—1 993 vrntage) equrpment
demanded rn post-1 993 vmtage housing unrts by housmg type
_ and Census Drvrsron, computed asin (39)

. EQCRPI0,.,;,, is the number of replacement units demanded in pré-1 994 housrng :

units each year by housrng type and Census Division, -

RCWCON (Clothes Waskier Energy Cansumpﬁon Comhonentl
Clothes Washer - Energy Consumption begins, as do "the other consumptlon
'components with the’ calculatron average of the 1993 stock efficiency over tlme, as

" shown in equatron 9N.

The next step is to calculate the unlt energy consumption for each vrntage of home
These are calculated srmrlarly as those presented |n equations (92) through (95).
Namely, - - ' ’ '

EQCSUEC

v.eq.br isthe UE.C_ for sur\/_ivlng‘ 1’9‘93 equipment in each equipment class, |

: . - - Energy lnformatlon Administration
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by housrng type and Census Dwrsnon,
EQCNUEC veqbr 1S the unit. energy consumptlon by year for new equipment by
. o housmg type and. Census Dlvrsnon, )
o EQCRUECY eabr lS thie unit energy consumptlon by year for replacement equrpment
by housing type and Census Dwrsron, and '
EOCAUECyeg »s is the average unit energy- consumptlon for all equrpment by

housing type and. Census Division.-

Finally, the energy consurnption calculation is 'simpler than most of the other end
‘uses: '

L : Eoczszm_,,,xzqcs . 08
CSWCON,, = E D resr X Wm, ;¥ y=1984 (108)

hyessr X EQCRUEC, 3,

xmcsvzcw;, 1

‘ : _ +EQCRP90,WXEQCR ) -{109)
.C.?'W().’ON”-g *Wymxmmyw- a

+ EQCREP, ,, . x EQCNUEC, ,,,

' +EQCSUR,MXEAGAZEC,“”'.

Dishwashers

RDWTEC (Dishwasher Technology Choice.Component) -

Compute current year operating costs,

RIBASEFF,
opcosrm,,, = pxzcas,,,, x ch ash X xvnmcz;,, x %z (110)

" where, - ~ : . T
OPCOST,, s, - is the operating cost for the eduipmer)t type by year, housing
type, Census Division, and vintage, : '

PRICES;,, . s the fuel pnces for the equrpment from NEMS, by fuel, by

Energy Information Admmlstratlon .
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. reglon and forecast year, , 3 .
.EQCUECG eab s the unit energy consumptlon by Census DlVISlon, equlpment o
_ . . | class and housnng type,
BTE'OEFF%' . IS the equnpment efﬂmency, p
. l-lfTBATS‘E'FF,,,_,-,&E;7 - is the 1993 stock-average efflclency

¥

The following variables are computed as in‘the' equations indicated:

LFCY, es, v is the dishyvasher's life 'cycle cost by year, housing type Census
, . DIVISIon, and vmtage It is computed as in (20) above. . -

.EQWTN, .., isthe: equxpment welght for new equrpment type by housmg type,

. Cehsus Division, and year Iti is computed as in (24) above '

| EO‘WTR”;,,,,I., s the equrpment weight. for replacement equrpment by housmg '

_ . type, Census Division,- and year It is computed as m (25) above. '
: 'TOTEWTI,V,,,eg 5.7 18 the sum of equ:pment welghts for the new equxpment class It .-
. is computed as |n (26) above. )
TOTEWTR ves P the sum of equrpment welghts for the new equrpment class. It |

is computed as in (27) above

' Market shares for new and replacement dishwashers are next: -

R (K k1)

_where, - _ ) : -, o .

_'NECTSHBy,e&,,;, is the new market share of dlshwasher equipment types by
' - housrng type and Census Dlwsron in the current year, ‘
TOTEWTeg  isthe sum of equnpment welghts for the new equnpment class,

EQWT,, is the eqmpment weight’ for new equ1pment and
The class averages of equipm_ent type efticiencies to’r'dinshwashin'gr equipmentf are’

. Energy Informat:on Admlmstratxon .
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calculated as for other end uses:

TM EEQWM

 ( EQW L, | : '
L g[mzz;‘;: o ' - (112)
WA,@;’ = TEMP K fmo. i . . .
i A’“"" " RTBASEFF, .

where,”
WTEQCEFFAyes,,, is the werghted average usage of drshwasher equrpment
classes in the current year by housrng type and Census
Division, and . _ ,
. EQ'WT?S . . _ls the eqmpment werght for each type of new equrpment

Since efficiency improvements in dis_hwa'she‘rshtend to affect the amount of hot water

used in a household, establishing a'link. betWeen dishwashers and water heaters is .

essential. ‘The impact of the load reductron wrth respect to mstallrng more efficient.

drshwashers is calculated as follows : -

zm EEQ

Z(EQWTWADAW) - (113)
' NDWLOAD,,,,’ — i TEMPXD. C
- NCWLOAD, 5, = NCWLOAD, pg, | otherwise

where,r B S S
ND WLOADy esbr - is the weighted average lcad adjustncent of new dishwashere
with respect ‘to water heating load. in the current year by
] _ housrng type and Census Division, ‘
'EQ‘V'VTes - . isthe equrpment weight. for each type of new equipment, and_\
LOADA\DJ?,,s © s the fraction of hot water needed to provrde the same level

H
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of service, relative to the base year average.”

‘ ‘RDWADD (Dlshwasher Additions Componint): e
New dlshwashrng equipment is calcuiated using a saturatlon level for newly—bought, '

( equrpment A '
M i 2[ s mﬁﬁ»], o ma
- where, ' '
EQCADDyeg P the amount of new . (post-1993 vrntage) equrpment added in
new housing units-in the current year by housing type and Census _
7 /Division, " _ _ '
HSEADD,, , i is the number of new housing - addltlons in the year by. housing
‘ o type and Census Drvrsron, ‘ )
\N'EWWASH,,,, is the share of clothes washers in newly constructed houses by

'housmg type and Census Division in the current year, and\

The next step is to calculate the numbers of dishwashers of each vintage category.

The followin‘g variables were computed as in the equations indicated:-

EQCSRQO,, eabir ls the survrvmg post-1993 vrntage equrpment in pre-1 994 housnng
units in the current year by housing type and Census Dlwsron It .
g * is computed as in (37) above. -

_ 'EOCSU_RV,GE,,,;, is the survnvmg new. (post-1 993 vmtage) equnpment in the current
' _ year by housrng type and Census DlVISlon ‘Itis computed as in .‘

. 138) above. ' ¢ S ,
EQCREP, ;. - isthe number of repiacement units (post-1 993 vrntage) equupment
‘ .~ demanded in post—1 993 vintage housing units by housrng type .
te and Census DlVlslon, computed as in (39) o,
EC!CR’PQOy eq.br lS the number of replacement unlts demanded in pre-1 294 housmg

g : Energy -Information Administration :
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units each year by- housing type and Census Divisicn, '

RDWCON (Dishwasher Energy Consumption Component) _
Dishwasher Energy Consumption be'gins, as'do the other consumption compcnénts, )
" with the calculatlon average of the 11993 stock effrcrency over time; as shown in .

'.equatlon (91)

The next step is to calculate the unit energy consumptlon for each vintage of home.
These are calculated srmllarly as those presented in equatlons (92) through (95).
" Namely, ' . : ; o '
" EQCSUEC, ., isthe UEC for. surviving 1993 equiprnent in each-eduipment class,
" by housnng type and Census Division, ' ,
', EOCNUEC veqsr 1S the unit energy consumption by year for new equrpment by
. housing type : and Census Division, . ’ )
, EOCBUECyley,; - is the unit energy consumptlon by year for replacement equrpment -
by housrng type and Census D|V|S|on, and . .
'EQCAUEC;y'eg;b, is ‘the average unlt energy consumptron for all equrpment by

housrng type and Census DlVlSlon =

Finally, the energy 'co,nsumption.calculation' is simpler than most of the other end

uses:

. | chmzmj,xzqcs ,ﬂ,, o (115;
QSW CONy.r_ E L+ EQCAD yesdr X ify-1994 :
+ EQCRP90),.5,. EQCRUEC,M
v ‘
- x EACSUEC, .3,
| .| + Bocapp 5, x BQCNUEC, ;. | ‘
¥ chxm % EQCRUEC :
DSWe = J.ec.b.r yeehr (116) .
: CO]\Q', ; *+ EQCS yeghr X UEc:mAr o
’ + EQCREP, ., X
- + EQCSUR, 5, X EACAUEC, .
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. Water"Heating-f_

Regronal solar water heatmg equrpment stock ls calculated for 1993 as

smz,wx):m,mxszsm{,, (117). -

' Where,' 7 .
_ 'SLESE_,gg:,. ., is the exrstmg 1993 solar water heaters by Census DIVISIon, |
: S‘LSHR,, - isthe 1993 market share of solar water heaters in pre-1 994 housrng'
o E units by housmg type ‘and Census Drvrsron, from the RMISC file, and
'EH,ggg,. ,,,:, '- ‘rs the 1993 stock of housmg by housrng type and -Cénsus Dlvrsmn ‘

- For years after 1993, the- model pro;ects solar heaters separately from other’ water‘
heating equrpment For solar heaters, . T ‘ '
71980 : .

where, - N , . : :

SLESE,, v i the number of surwvmg pre-1994 vmtage solar water heaters -

|n pre-1 994 smgle-famrly houses by year and Census Division,

SVRTE,’,_,s”‘,O’w is the equrpment survival rate, using mlnrmum and maximum ,
hfetlmes not establrshed in the mput database, and.

HDR, o lS the houslng demolrtlon rate for srngle-famlly homes

. RWHTEC (Water Heater Equ:pment Choice COmpanentI

New water heaters are assumed to be dlstrlbuted in proportlon to associated space’
_ heatmg equrpment where the assocratron between water heatrng equrpment and
space heating equrpment is specrfred by the user in the RTCLPNTR,, pointer for each
water heatmg equrpment class m the RTEKCL file. (Replacement water heaters are not

-l constralned in smgle-famrly housmg ) The component frrst adds up the market

- . - Energy Information Admmrstratlon C
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' shares of all space heatmg equrpment _ .
mm,, 235235&1!,“,, . 119y

where, ,
TOTN,, . ' is the sum of the base year market shares for space heatmg

' equrpment classes by housrng type and Census Division, and- . |
| HSY.S‘SHR Vegibur is the current year market share for space heating equrpment

’ classes by housrng type -and Census DlVlSlon

New water heater market shares are therefore_calcul_ated by the'sum of the market . -
shares of the assoc1ated heatlng equrpment . ; _ L
(120)
- NH20. : )

where, o 3
NHZOSH” eabr IS the market share of each new water heater class by housing.
| type and Census Division. There are four equrpment classes for -
| water heaters: natural gas, electric, distillate, and LPG.
'fI'OTNb,, . is the sum’ of the base year market shares. for _space heatmg
l, ' eqmpment classes by housing type and Census Division,
4HSYSSHRy'eg,,,,, is the current year market share of the" space heating equ:pment :
h ‘ ‘ class by housmg type and Census Dlwsron,
RTCLEQC[.SH _is the equrpment class number for the space heater class, and

' RTCLPNT/?wh is the pornter to a space heater class from a water heater class
The following variables -are comp_uted as in the equations indicated:

OPCOS‘TMS,,,,,,, is the.operating cost for the water heater equrpment type by ’
-housing type, Census Dlwsron, vrntage, and year Itis computed

Energy lnformatlon Admmlstratron .
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, as in (19) above , :
LFCY veshiv . IS ‘the. water heater type s Ilfe cycle. cost by year, housmg type
Census Division, and vmtage. lt.rs computed as in (20) ‘above. . |

E'Q_WTN,,,”‘;,, ;o is'the equipment weight for new equipm'e'nt types by housing

' ' type, Census D|V|sron, and year, It is computed as in (24) above ‘

EQWTR v.esb, = is the equrpment weight for replacement eqUIpment types by
housmg type, Census Division, and year. Iti lS computed as.in (25) ‘

~ above. , ' '
TOTEWTNy egb,r 1S the -sum of ‘the equipment types welghts for the new
_ ‘ ‘ _equipment class It is computed as.in (26f above .
TOTE_WTR,,,eg b is the sum of the equnpment types’ welghts for™ the new- o
“ | equrpment class. It'i lS computed as m (27) above

EQFSHRN,, £hr is the fuel share of new equnpment type by year, housmg type and
Census Dwrsron lt is computed as in (30) above.- . .
: EOFSHRRJ,,,',, ,,< is the fuel share of replacement equnpment type by year, housmg '

type and Census DlVlSlon It is computed as.in (31) above

E-The fuel shares are stored lnto thelr flnal places _ _
. NEQ!SHR,,,,,, - qusmv,m R - (121)
T Rzom,wwmm 22
\_N'here, - B ‘ | o e . s
NEQTSHR,;;,, is the fuel shares of new water heaters by fuel housmg type and
' Census DlVISIon, and | | '
REOTSHﬁwf'b " ’is the fuel shares of replacement water heaters by fuel, housmg,

i

type and Census D|v1sron.

Welghted average class efﬂcrencres by fuel can then be calculated from the mdnvrdual

equ;pment types for new and replacement equrpment usmg exactly the same

. h T Energy Information. Administration ‘
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1

- formulas as for space heating eouipment, asjshown in equations (3'2-) and (5_3):

WTEQCEFFNyeg sr is the weighted average inverse efflclency for new water
heatmg equipment classes by year, housmg type and Census

' DlVlSlOl‘l, and o ‘
WTEOCEFFRyeg b,', is the we:ghted ‘average inverse efﬁcrency for replacement
.. water heatmg equrpment classes by year, housmg type and -

Census D|V|Slon

I?EUADD (Water Heating and Cooking Additions and Replacemenis Camponent) .
There is only one component in the RDM for’ addmon and replacement of water:

"heating eqmpment and cookmg equnpment Thls is an enhancement. lmplemented in_’
the module in 1996 that anticipates the day when lntegrated loglc can handle aIl )

calculatlons for all equrpment types
' The first,operation is to calculate the total equipment in pre-1994 housing, Y
EQCNDS0, ., = EQCESE 1033, < HDR; , if y=1990 S (123)"
EQCND”,”»—EQGNDW,_«,M,XBD& #?1& ’ " . . :
where, .

.EOCNDSOY,eg,,,I; ~is the total equrpment in pre-1 994 housmg each’ year by

s housing type and Census D|V|$|on, .
- EQCESE 993,605,  .is-the pre-1 994 equipment stock in pre-1994 housing units in
' . the base year'by housmg type and Census Division, and

’ ”H'DR,’, S isthe housing demolition rate by housing type.’

Next, calculate purchases ‘for new housmg, . _

' " EQeaDD,,, = HSEADD, xSHARE : . (124)
where,

‘ EQCADD,,,_,Q,J - IS the number new umts orlglnally purchased for new housmg

. Energy Information Administration .
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o h addltlons by year, housmg type and Census D|V|$|on,
'. HSEADD,, b is the number of houslng additions by year, housmg type and
‘ G .Census, DlVlSlon, and . ‘ B
SHARE _ ' is the share of the particular equnpment for whlch the component '
has been called NHZOSHyeg br or NCKSH,, heabr . .. )
NHZOSH veghr 15 the market penetratlon level or saturation of/the market for
. Y _water heaters’ by housing type and Census Division,
NCKSH,;,,_,Q,,, ;s the market penetration level or saturatlon -of the market for
. T -cookstoves by housmg type and Census DlVlSlon |
- The .follow'ing variables arercompute:d‘_ as in the equations indicated: )
: -EOCSRQOV,eg s iSthe sufyiving post-1993 vintage equipm'ent in pre-1 994 housing
| . Units by year, housmg type and Census Division. It i is calculated
E asin (37) above . ‘ .
EOCSUR veatir is the survnvmg post-1993 vmtage equnpment in post-1993
housmg by year, housmg type and Census DMSlon lt is computed ‘
~ as in (38) above. | o P |
EOCREP veqsr ISthe number of equnpment replacements of post-1 993 equrpment
in multl-famlly or mobile post-1 993 housmg units, by year, housing
type and Census Dl_Vls‘lon., Itis computed as in (39) above. (No

switching allowed.)

\-The 'new 'te.chnology choice component‘allows,switching' when .replacing water
h,'eaters' or stoves in post-1993 (and pre-1994) single family homes only. Users may -
" .. specify tli'e fraction of homes wbich may _svyitch away from a certain ,technolog'y by
setting the values RTSWFACT in the RTEKCL'data file. Retiring values are first
calculated as in (39) and stored as OEQCREP, ., ;.- The code. 'then calls SUBROUTINE
REPLACE(EU RSYR,R,B, RECCL 1) for replacements with swrtchmg in’ post-1 993

smgle-family housmg where,.

~ - i Energy lnformatlon Admimstration :
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EU 'is the end use number (5 for water heatrng, 6 for stoves), '

RSYR s the calendar year, -
R .. ' is the census drvrsron, _ . )
B - - isthe burldmg type (currently always 1 for srngle-famlly),

\ RECCL is the record number from ‘the RTEKCL ile, ..

" FLAG is set = 1 for post-1 993 housing. '

Replacement eqmpment in multl-famlly or moblle pre-1994 vintage homes

. EQURPS0,;, Eacmm» x HDR} "% - " BQCESE, 55, EQCRly 3, (125)

"where, : S~ )
EOCF:’PQOy eq.sr ‘1S the number of replacement unrts demanded in multi-family or )
mobile pre-1 994 housrng units by year, housrng type and Census

/

DlVlSlOn,
EQCESE, ., issurviving pre-1 994 vmtage equipmentin pre-1 994 housmg units

_ . by year, housing type and Census Division, - :
' EQCSRQO,,,%,,,, is the surviving post-‘l 993 vintage equrpment in pre-1 994 housrng'
© " units by year, housrng type and. Census Drvrsron, '

'IjIDR,, - is the housing demolrtlon rate.

Furthermore, a second call 10 SUBROUTINE REPLACE(EU RSYR R,B, RECCL 2) allows
switching to any technology when replacmg water heaters or stoves in pre—1 994 .
single family homes only. Retiring values are first calculated as in (125) above and
stored as OEOCRPQO'yeg,,.'Users may ‘specify the fraction of homes which rhay'
' ‘switch away from a certain technology by settmg the. values RTSWFACT in the:
RTEKCL data file: In the second call, FLAG = 2 for pre-1994 housmg »

.

If the component has been called for water heating rather than for cooklng, the solar . -

water heating varrables for smgle-famlly homes must be calculated as follows:-

Energy Information Administration’ : ‘
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swmo,w s.r.msm,xﬂm, yy-wes | : _}_' '(1;26)'
| SINDY,, smyo,_,,xmx, otheryise
' S0L4DD,, = HSEADD, 10 X NEWSISER, - (127)
szsmo E[smm X xzmr‘] I_ . (128)

sctzsmr,ﬁr 2(soum> +somzp xHDR,"‘xSWHE’_M) - -(12.9‘)‘

_wbere, ‘
' SLNDSO,,

. SOLADD,; . .

 NEWSLSHR,
SLSR90;,, .

, _ in pre-1994 housmg umts by year and Census Division,
SOLSUR,, ~

SOLREP,,

SLRPI0,;,

B-70

SOLREP,;,; ['.;; .gomp;,xmmr‘] sozszm,_, : - (130)
SLRP9b,, = smsz,w 5<‘£DR;" - s;_mz” R (131)

'is the total amount of solar water heatmg equrpment survnvmg in -

pre-1 994 housmg each year, L

is the number of post-1994 solar water heaters by equipment

class added to new housing units in this year,

“isa “new solar water heatmg share’" from the RMISC flle, .

. is the survrvmg post—l 993 vmtage solar water heatlng equrpment "

is the number of survnvmg post-1993 solar water heaters by '

equrpment class in post-1 993 housmg umts by year, housmg type

' .and Census DlVlSlon i

s the number of survrvrng post-1 993 solar water heaters to be

replaced in post—1 993 housing unlts in this year by equnpment

class, - housmg type and- Census DlVlSlon, and
is. the replacement (post-1993 vrntage) solar water heatlng,
equnpr_nent demanded i in pre-1994 single famlly housing units by

year and Census Division. .
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, RWHCON (Water Heater Energy Consumpﬂan Component) y
' Energy consumptnon for water heatmg is calculated much llke the comparable :

, quantltles for space heatmg Water heating equrpment consumptlon begnns wrth the

calculatlon of the. natlonal total stock of water heaters for the base year, '

mm Ezocmmw, I (132) :
" where, v e , , ,
EOSESE,ggsieg' s the natlonal total number of water heaters: in, the ongmal |

base year stock in each -equipment class, and |
'EQCESE ;993,605 18 _the number of water heaters in the original base year stock

in each e'quipment;class by house type and 'Census‘ Division..

There is no need to calculate the pro;ectlon to the current year, as it was. already‘
calculated in the RDWHEQC subroutme

It then calculates the average efficiency of all 1993 water heaters,

RIBASEFE,, = (_msm,_, i -_’[1. - %mgw_]xwmr,g) %ﬂgg 13?’_
'where, o : e :
' RTBASEFF,,, . isthe stock average efflclency for the remaining 1 993 equrpment
EOSESE,, eg is the remammg stock of 1993 water heating equnpment by year
o and equipment class, and . _
EQCEFF,;, s the average efﬁcrency of equ1pment retlred in each year, from

_ the RSEFFO1 file.

Some of the most |mportant determrnants of the amount of hot water consumptlon
in households is the number of lnhabltants and the usage and efficiency of.clothes -

washers and dishwashers. The component therefore calculates an average household °

'
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-size that wrll be used wrth an elastlclty to account for th|s determmant

' w’here,.
- HHSIZE,,

MC_POP16,,

4

EH,,,

" NH,,,

MC_POP! B o
vk ——S—z@a,,,_%) Co e

is the average number of persons over age 16 per household by -
year and reglon, ' o ‘
is the number of persons over age 16 by year and reglon, from the

NEMS Macroeconomlc Module, SRI

" is the number of pre-1 994 vintage homes exrstmg in year Y, from‘ '

the RMISC file, and - , _ _
is the number of post-l 993 vmtage homes remalnrng in year y,
from the NEMS Macroeconomlc Module, as shown in equatrons
(3) through (6). Lo

Unlt energy consumptlon is calculated for the usual vmtages Flrst the surviving base-‘

year homes,

EQCSUEC, ;. = mr“;a [%]

where,

RIBASEFF -

yLe

HHSIZE o5, 5

EOCSUEC vegibir " is the unit energy effrcrency of survrvmg water heatlng equrpment

. EQCUEC, .,

" HHSIZE,, .
HHSELAS

. RTBASEFF,,, .

B-72-

in pre-1 994 vintage homes, by year, -equipment class,, housing
type and Census DlVlSlOl’l, ' ’ )

is the unit- energy efficiency of equrpment in homes that exrsted ’
in.1993, by.Census Division, equupment class, and housmg type, -
is the average household size by year and Census Division,

is an elastlcrty parameter for the lncrease in hot water intensity

due to increases in household size, estimated at 31 5, and

are the annual av_e_rage effrclencles for the ‘equipment classes. -

i Energy Informatron Admrmstratron
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For new purchases in this vear, if year < 31'995;

BQCNUEG, 5,
' If the year > 1995,
EQCNUEC, 3.,
' | EQCNUEC, ., =
‘where, :
EQ CNUECY, eg,b,r

EQCUEC,,,,

'WTEQCEFFN,,,,,

EPACT

- EQCUEC, 5 X (f’.—;.%:] o
.xW!EQCEFFN #xmsm,mg .mwm«wnas)

i

f N N . ) - N *
=W,~5x[-%] © xEPACT . ~

xmzqcmm,xmsm,m »-if WIEQCEFFN,,,>0137)

. ’ - ) - ‘ “ m‘ !Aw‘ '. ’ ’ >‘ M - . )
BQCUEC,, 3| ooy |- \EpACT ', otherwise
resé”| BHSIZE o, ) - :

is the unit energy’ ponsumbtioh for new equipment by year,

" hotising type and Census Division,

is the unit energy consumptioh for the equ'ibmént class by
housing type and Census D|V|S|on, : e .

is the welghted average inverse efﬁcnency for new water.
" heating equ:pment types by. year, class, housmg type and

Cenisus Dlwsmn,

. is the fraction by which the UEC must be adjusted to reﬂec't ‘

., mandated low-flow shower-headv stand.ards as part of the

HHSIZE,,
HHSELAS

" RTBASEFF,,,,

Eriergy Policy Act of 1993 | ¢

'|s the average household size by year and Census Division, -

' Jisan elas’acuty parameter for the increase in hot water mtensnty

due to increases m household snze, estlmated at 315 and

is the efficiency . of the water heatmg equupment classes

'Energy Information Administration -
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For replacements in thls year, ‘ L o N

AN

- Eocxozc*% =m,,,x(%] - xEPACT .
xmzocm“»xmmmw . ,#mzqczz«‘m, ,,,>ld38)
. . . , ) ‘» . . s - . ’
EQCRUEC, ..z, - EQCUECWJX(%] xEPACZ’ ,; otherwise
where, A "

EQC.i?UECy’eg br is the umt energy consumptlon for replacement equnpment by
_ | X year, housmg type and Census DlVlSlOl‘l, : )
WTE_QCEFFRW‘Q 5 is the welghted average inverse efflclency for replacement 3

- watér heatlng equrpment classes by year, housrng type and
Census Division, and. TR o

‘EQCUEC, ,, ' is the unit energy- consumptlon for the equrpment class by
7 : housmg type and Census DlVlSlOl‘l, and ‘ '
RTBASEFF

neg is the efﬂcrency of retmng equrpment from the 1993 stock by

(

- year.

And the average: UEC is ‘ - . .
TEMP = EQC yegdz T myg&: * EQCAD regds * yeghr * EQCSUR_,”J,,

.m@cyé”.mc’w = L o } , #IMS0.0 '
L . : ory-1ssé139)
EQCRP90,,,,3, x EQCRUEC - |

+(EQCADDM,+EQC M xEochEcm,,

* ORI, g3 + QU ) ¥ BOCAVEC, 10y stiersise
TEMP '

. EQCA_.U‘E.C',“”f
where, : . _
EQCAUEC, ., is th‘e average u_nit energy_cons'umption.for water heaters by year, _

" equipment class, housing type and/Census Division.. '

. Water heater‘efficiency'is calculated'next.- lfy = 1994 or denominator =<.0, '

o Energy Information Admlmstratlon .
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: , W'IA'EQC'EFFAMW Wmocm,.,m” | R | (140)
iy > 1994 and denomlnator >0, ' |
' © T (EQCSR90,.,, zqcsmm,,,)xmaocma,,“ :
. WrBQCEFE, AMM (Eecmo A,wqcmp ) a7+ EQCREP, . ) x WIEQCEFFN,, 4141)

chsmqucsmemmmm,w
+EQCADD, .ee»"'EQc “yeshr.

where, N B ' A : o
WTWEFFA,,eg 5 isthe weighted average water heater efficiency by eq_uipment
class, housing type, Census Division, and year.

. To account for changes in hot water demand over tlme,‘ both the number and
efflclency (WIth respect to hot water use) of clothes washers and dlshwashers are’
_very lmportant ‘To resolve this issue, the water heating consumptron subroutine relies -
on: calculatlons that are generated in the clothes washer and dishwasher subroutlnes

First, the number of clothes washers and dlshwashers must be shared to each of the

_competmg fuel types for all vintages of equrpment Namely, for clothes washers .

HIOSHRCW, = HZOSERM,,,V x NUMCW,j, (l"l'L>

\

and for dishwashers , : : :
L HZOSHRDW st = Hzosme,ﬂm x NUMDW,, | ( | Ll’é)
. where, ' ' . ' o
| HZOSHRCW,,,,, v IS the number of clothes washers for each type of water
heatmg fuel type by Census Dwrsnon and building type for all-
' , vmtages of equipment, : ‘
HZOSHRDW,,,},,,' v 1S the number of dishwashers for-each type of water heating - -
. fuel type by Census Division and bmldrng type for all vrntages e
 -of equipment, - . : .
szSHRy,ﬁ v is the share foredch type of'water heating fuel type by Census
Division and building type for all vintages of equipment, ‘

NUMCW, ., . -~ is the number of clothes washers-by Census Division and

Energy Information Administration ‘ )
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. _ building type for all vmtages of equ:pment and

. ll/UMDWy,,',, v . rs the number of dlshwashers by Census D|v1s10n and burldlng -
type for all vmtages of equrpment ’ ‘ |

Next ‘the consumption for water heatlng for homes wnth clothes washers and/or‘.

' dlshwashers is computed as follows

H20CONCW, .., = HZOSERCW i % HZOUEC , X LDADJCW l‘H)

and for dishwashers, . 3 o - .
| Bzocom)w,ﬂ,._, - H20SHRDW, ,, % H20UBCygsr, % LDADJDW ~ (M; )

“ where, . , ,
HZOCONCW,, iy is. the water heating consumptmn for hemes ‘with clothes
' washers for each type of water heatihg fuel type by Census: |
) . DIVISIOn ‘and burldrng type for all vintages of" equnpment _
‘H20CONDW , ¢4, is the water heating consumptlon for homes with dlshwashers
' for each type of water heatmg fuel type by Census DlVlSlon
and buﬂdmg type for all vmtages of eqmpment ‘ <
H20UECy,}, b,;.,v ' is the umt energy consumptlon for each type of. water heatlng
' L fuel type by Census Division-and bu1ld|ng type for all vmtages
L of equrpment . T o
LDADJCW, by | IS the adjustment to the water heatlng UEC to account forthe . .
. . efficiency of clothes washers, with respect to- hot wateér load-
- by Census Division- and bunldlng type for all. vmtages of -
‘ o - equ:pment and B ' o
[DADJD,W,, v ’.‘ls the adjustment to ‘the water heatmg UEC to account for ithe
. effrcnency of dlshwashers with’ respect to hot water load by

Census D|v1s10n and building type for all vmtages of

~equrpment.

Energy Information Admmlstratlon
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"Finally, eﬁergy consumption by fuel can be s'ommed overthe different housing types.
Iy = 1994, - o |
e EQCESE,”»xEQCWEC -
720CoN. .. = 5| || ¥ EQCAPDy 5, X EQCNUEC,y, PRICES,,, (146)
Nﬂ{ z + EQCRPN esbr X EQCRUEC,M [ pmcw#w ’
+ MONCW"%&"? + MONDW’#&’J
Ify > 1994, o
o [( EQCESE,.,, X EQCSUEC,,,
, + BQCADD, ,, x BQCNUEC ., | -
. .‘ -+ EQCRP0 ,,,,xzoczztfzcm,,;, : S
- mocon,, =Y || +zocsm;ﬁ,,xm x[_?%]' (147) -
* . o ) . .

by 7
+ MONCW,#" + BOCONDW’#’V ya

\

where,
H2OCONy er IS consumptlon for water- heatlng by fuel, and
a IS the short-term price elas’acnty, presently valued at 0.0.

A\

And for solar water heaters, -

f -l-SOMDD T

SLCON,,- +SRI.P90 + SLSR90 ,, xs},ygc - - (148) -
+ SOLREP + S’OISUR, -

~‘where, T Ll

' SLCbN,, P consumptﬁon for solar water heating.
Cooking Eouipment

RSTWEC {Choose Caalang Equlpment Companent) - -
, The existing cooking equipment distribution.is associated W|th the chmce of a water
heaters. Homes that heat water with natural gas are allowed to have either gas or

electric stoves; homes that heat with LPG cook wnth LPG; homes that heat water with

Energy Informatlon Admlmstratlon . .
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N
dlstlllate oil cook wnth electncrty (Replacement stoves in srngle-famrly homes are not ‘
so constrained.) These constralnts are embodled in the technology chorce by usrng /1
the water heater eqmpment market shares for calculatmg the cookrng equipment:

- market; shares }
chsam,,, momm,,xmmmcr , e \  egmgas stove.

| NCESHyyp, = NE20SH, o, L .é’eg-{vgm(mg)
NCESH, o0 = E (NHZOSE,”M)-rMZOSH"‘ﬁ,x(‘I —NGNGFACZ) y'eg—ekc stové

Ve

where,. o |
. NC‘KSH};,,,,;,, ,,' : rs the new market share for cooklng equrpment ln the current year
' T by housrng type and Census DlVlSlOl’l, ' ,
NH20SH, ;. is the new market share for water heaters in the current year by
. ., | ’ equrpment class, housrng type and Census Dlvrsmn, and
"NGNGFACT" ) is a factor that deflnes the fraction of new homes havmg gas :

+

water heaters that have gas cookstoves

In the formula, the summation' over eg = other 'refers' to the market shares of all
- water heater classes other than natural gas and LPG homes that heat water with any :
- other equipment class than these, dependrng on whrch are deﬁned in the RTEKCL flle,

are assumed to -cook with electrrcrty

.The followmg variables are computed as in the equatlons lndlcated

OPCOSTyes by 1S the operatlng cost for the water heater equrpment type- by -
houslng type, Census Drvrsron, vrntage, and year. It is computed
‘asin (19) above. ‘ o |
LFCY o5 T is the water heater type’s hfe cycle cost by. year, housrng type
— Census Drvrsron, and vrntage Itis computed asin (20) above.
EQWTN;,,GS;',, . rs_.the equipment w_erght for new equrpment' types- by.housmg
' type, Census Dlvision, and year: It is‘ computed as in (24) above.

‘ Energy Information Administration
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EQWTR, ., is the equrpment werght for replacement equrpment types by

' - houslng type, Census DJVISIOI'I, and year Iti is computed asin (25)' '
above T ' ‘ .

TOTEWTNyeg b is the sum of the equrpment types welghts for the new

" ‘ equrpment class.’ It is computed-as in (26) above

'TOTEWTRy,eg,',, r is the sum of- the equipment types’ weights for the new
- . equipment class. lt is computed as in'(27) above. )

EOFSHRNV,,, e isthe fuel share of new equnpment type byyear, houslng type and’

Census Drvnsron Itis computed asin (30) above . '

' ‘EQESHRBV,;,,, .- isthe fuel share of replacement equrpment type by year, housing

o type and Census DlVlSlon. It is computed-as in (31) above.

The final shares for the equrpment types are the products of the market shares and
the- equ:pment type. shares, , ' ’ ‘ _
NEQBERD,,,D,-NCKSH, ,»,-xEQFS — (150)
REQISERD, sy = NOKSE 3 X EQFSERRW R
" where, _ - :
' NEQTSHRD,,..,, is the new equrpment type share for stoves by equrpment type,
. o housing.type and Census Division, = S
REOZSHRDY,“,,;,, is the replacement equrpment type share for stoves by
' ‘ “equrpment type, housnng type and Census DlVlSlon, ' \
' ‘NCK.Sf{y;eglb - - is the new market share for cooking equnpment in the current
' _ ’ ' .year by housing type and Census Division, .
EOFSHRN”;,,',,, ~ isthe new market share for stoves by equipment type, housmg
' type and Census Division, and ' o
EQFSHRR, .p, is the replacement rnarket share for stoves by\iequipment type,’

~ housing type and Census Division.
For cooking, the welghted ‘average inverse: efficiency of each equipment class is

. Energy Information Administration C
NEMS Residential Demand Module Documentation Report ) - _B-79



- calculated dlfferently from the foregomg end uses, because'the RTEKTY flle datum for
E 'RTBASEFF is the usage, measured in kWh or MMBtu, of the equrpment in the class

X EQISHR,,,, x RIEQEEE.) - -
EEFFA’“"’ 3 NEQTER,,, | #m’"iﬁ'._'"" 4 N (151)_
WIEQCEFFA,,, = RIBASEFFyg, " -+ i denominaorsD.

where, o . .

| WTEO.CEFFA,, g IS the welghted average cooklng equrpment usage in the * '
current year by houslng type and Census DlVISlon, and..

RTBAS_EEF,E,”;eg is ‘the ‘l993 _base equipment efflc1ency

REUADD (Water Healing ahd Cooldng Additions and Replaceméents Component) .
~As mentioned earller, the capabilities for adcllng and replacmg cooklng equrpment have
been merged into a srngle component called REUADD ThlS component was

documented above on pages B-67 through B-71

RSTVCON {Coolrmg Energy Consumptmn COmpanent} S |
The cooklng energy consumptlon component beglns wrth the usual things. First, the

base year stock of equrpment

mm chmgimﬁw o {(152)

. “where, . _ o _ . . : .

- "EQSESE 199304 s the national total number of cookstoves in the original base
- ' year stock ln each equrpment class, and '

'EOCESE,ggg,'eg,b' +  is the number of cookstoves in the orrgrnal base year stock in

each equrpment class by house type and‘ Census Division.

~

. There is rio need to calculate the pro;ectron to the current year, as it was already
calculated in the RDSTVEQC subroutine. '

1
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"It then calculates the average effrcrency of.all 1993 cookstoves, .
|- 2 ™
where, : e . . h
RTBASEFF,,, | is the stock average efficiency for the remai.ning. 1 993' equipment ~
,' EOSESE” e is the remarmng stock of 1993 cooking equrpment by year and
' equipment class, and o ‘

EQCEFF, is the ‘average effrcrency of equrpment retired in each year, from

' the ‘RSEFFO1 flle

The unit energy consumptron calculatron for cooklng is very srmple Frrst the UEC for

" the survrvmg equrpment

_ o m;gmm - 154
EQCS wémexm,smim .o 154)

where, , S .
EOCNUEC,, egbr 1S the unit energy consumption for survrvrng cookmg equrpment -
in the current year by housrng type and Census Division,
EQCUE'C,,eg,,,- is the unit energy consumption for: cookmg equrpment in the
’ current year by housing type and. Census Drvrsron, and-
RTBASEFF” e arethe annual average efficiencies for the equrpment classes
For new equipment, /
- o WIEQCEFFN, 5 _ :
EQCNUEC, 5, = BQCUEC, 5 S otherwise ’

where, ’ . .
EQCNUEC, ., . rs the unit energy consumptron for new cookrng equment in
. the current year by housing type and Census Drvrsron, -

" - EQCUEC,,,, is the unit energy consumpfion for cpoklng equipment by

Energy Information Administration . )
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. class, housmg type and Census Dwrsxon, .
WTEQCEFFN,, eqbr IS the welghted average cookmg usage for new equnpment in
_ \_ the current year by housing type and Census Dlwsmn, ‘and.
: '_.‘?7~'BASEIT'F,S,Q:,,,?g . isthe 1993 effncrency of the’ cookmg\e,qu:pment class.

_For replacement eqdipment

mazcm,, mcm,”,x% &mzoczmz,m,w 156).

RIBASEFF g .,
where, . .
EQCRUEC,, ..., is. the unlt energy consump’aon for replacement cooklng
' equrpment in the current year by housmg type and Census '
) . Drvrsron, ) . '
EQCUEC,Ieg,,; 'is the unit energy consumptuon for cookmg equlpment by .

. \ ;class, housmg type and Census Dwrsron, _ ) )
WTEQC‘L\-‘FF."-.’,,,,_,g b ‘ls 'the werghted average cooklng usage for replacement: ‘
‘ equrpment in the current year by housmg type and Census .
o L »_Drvrsron, and : '_f k
RTBASEFFzggs,eg is the 1993 efflclency of. the cookmg equrpment class.

For the average efticiency, the initial_year level is set to the neyv equipn_ient etﬁciency:

Clfy=1994, T S |

- EQUATEC,,, - BOONVEG, o, -~ (157)
Fy > 1994;" R S |

‘ - ; Energy Informatlon Admlmstratlon \
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mvzcw, BQCNUEC, 45, - ~' L denominaaorsO
" EQCRPSO,;, x EQCRUEC, o

..’ . . '.;.EQCRﬂ’Mﬁ,meh N . ‘ (158) .
+ EQCADD % EQCNUEC, ..z, . ‘ _
+ EQCSR90, kﬁ: % EQCAUEC, 405,

' o + EQCSUR, 115, X mmﬂg@ _ i
FCATE s = EQCRP90, ., +EQCREF, ,,, - m

+EQCADD ,,,,+mc.smom+z@csvx,,_.

'And energy consumption is also defined sepérafeiy for the base year:

L ‘ EQCBE,MB, X EQC.S'UEC,M ‘ (15'9)
CECON,,. = E + EQCADD, ., * Wygﬁ: ¥y 1993
o B+ Wyﬂ» x EQCRUECM:.M

 BQCESE, i, % EQCSUEG, 55
+ EQCADD,._;, x EQCNUEC,,, S
- : + EQCRPY0,,.,, x EQCRUEC, ;' |. . - 1
CECON,,, = ; N Z:: N EQCAUE@«» , g;>1sss (160)
+EQC'RE?M,,xEQCNUECm = T

EQCSUR,M,, X EQCAUEC,#J, ]

Clothes Drying -

- RDRYTEC ICIotﬁes Dryer Technology Ghalce COmponent)
Compute current year operatmg costs, _
MBASM',W (161)

opcosg'm = pmc;g,,, x chvzcg,,, x HDDFACE,, x

where, . S . : .
- OPCOST, os,1.v is the operating cost for the equipment type by year, h_ousing
' type, Census D|V|S|on, and vmtage, :

PRICES,,,;,, _is the fuel pnces for the eqmpment from NEMS by fuel, by

\reglon and forecast year,
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EQ_CUEC}; e_;,,;, ‘ is the unit energy consumptio'n byV('.':'ensus l'Divi'sion,.equipment'
. ' - class and housing type, . ’ o ‘

.I?TEQEFF,,,S” - is the .equip.ment efﬁciency-,»'--l R
 RTBASEFF g5, is the 1993 stock-average efficiency. -~ - -

The ,folloyving: vartablés- are computed as in the equations lndlcated':

LFCY sy, - is the _Water"heater. type’s life cycle cost by -yeat, hou‘_sing’ typ‘e, |

Census Diyision,'and -v'in.tage.. It is ‘compjned as in (20) above. '

EQWTN,, hesnr ~ IS the equipment weight for new .equip,menttype by housing type;
_ Census Division, and year. It'is computed as in (24) above..

EQWTR vesbir s the-equipment'weight for' replacement equipment by hou$ing }

type, Census Dwrsnon, and year. It is computed as in (25) above.

‘TOTEWTNY eqt,r 1S the sum of equnpment welghts for the new equipment class It
, s computed as in (26) above _ ‘

TOTEWTRy,_,g - 1S the sum of equipment weights for the new equnpment class it

is computed as in (27) above

. "Market sh_ar_es for new and repl_acement dryers are next:. .

vmorsR, - 2 (162)

-where, - : ..
| NEQT.S‘HR vesbr 1S the new market share of clothes dryer equ:pment types by '_

‘ housmg type and Census D|V|sron in' the current year, '
o TOTEWT ' is the sum of equrpment welghts for the new equlpment class,

EQWT,_,S ,: is the equupment welght for new equrpment and

The class averages of equrpment type ‘efficiencies for clothes drymg equrpment are

calculated as for other end uses:

i . Energy Informatlon Administration o
B-84 . NEMS ReSIdentlal Demand Module Documentation Report \ ,."



,m=>:zowm"

—

: EQWT,s, - ' '
E[ ”’”) ' L
"-”mm“”"" . TEMP . ,y’mm 0.. . . ‘ L
. i . 3 ) 1 , , . ’
mw-m————m,, e

'“where,

WTEQCEFFA,,&‘ sr is the welghted average usage of clothes dryer equupment
,classes in the current year by housmg type and Census
Division, and o . ., : .

EQWT,, _ : is theequiprnent‘weight fo.r eaeh type of new equipment. -

DRYADD {Dryer Additions COmponent)

New clothes drying equnpment is calcuilated usmg a saturatlon level for newly—bought,

equipment
*where, : ) , | S B
EOCADDyeg bir is the amount of new (post-1 993 vintage) equment added in

new housmg umts in the currerit yearby housmg type and Census

- Division, . - o
HSEADD,,, is the number of new housmg additions in the year by housmg

' L type -and Census DIVlSlon, ’ - L ;
NEOCSHRY,ES,,, + is the market share:of new clothes dryer equipment types by _
, housmg type and Census Division i in the current year, and -

NEWDRYSA Ty, is the Ievel of-market. penetratlon of new clothes dryer equrpment
' by housmg type and Census DlVISlon, expressed as a percent,
from the RMISC file. ' | |

] ‘Energy Information Administration
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- The next step is to calculate the numbers of dryers of each vmtage category The -

followmg varlables were computed as in the equatlons mdrcated

EQC.S"I?QOy eqbir is the survrvmg post-1 993 vmtage equlpment in pre-1 994 housmg
. umts in the current year by housrng type and Census DlVISlon It

. is computed as in (37) above.- - ,
EQCSURy,eg ,b,; is the surviving new (post-l 993 vintage) equrpment in the current
' . year by housmg type and Census Division. It is computed as in -
_ " .(38) above. | | '
EQCFEP” eqr 15thenumber of replacement units (post-1 993 vrntage) equrpment .
' ’demanded in multl-famlly or mobile post-1993 vintage housrng

unlts by housing type and_ Census Division, computed asin (39).

The new technology choice component allows sWitching-When replacing clothes
_'dryers in post-‘l 993 (and pre-1994) srngle family- homes only Users may specify the
fraction of homes whlch may swutch away from a certain technology by settlng the
| values RTSWFA CT in the ' RTEKCL data flle ‘Retiring values are first calculated as in
(39) and stored _as. OEOCREP a1 “The code ‘then calls SUBROUTINE'
' REPLACE(EU RSYR,R, B RECCL, 1) for replacements with switching in post-1993,

smgle-famlly housmg where,

EU is the end use number (5 for clothes dryers), B
‘RSYR s IS the calendar year, ‘ |
' R’ is the census division, o I : L _
B ‘ |s the burldmg type (currently always 1 for smgle-famlly), ,
RECCL is the record number from the RTEKCL flle,
FLAG _ is set = 1 for post—1993 housrng. i

Replacement 'un_'its. demanded in multi-family or mobile pre11994 h'ousiné un"its'is,,

o Energy Informatlon Admrmstrauon
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EQCRPS0, ,;, = Eocmmz.- x D. Lo L Fegma (1‘6.5) -
EQCRP0,135, = BQCESE 038,57 % m;x;“ ’? x mxme,, #eg—-dedric
| wnere,'"
EQCRP.90 vesbr rs the number of replacement unites demanded in multi-family
° or mobile pré-1994 housing unlts each year by housmg type
- and Census DIVISIOn, ‘ o
EOCSR.90 hegsy 1S the surviving post-1 993 vintage equrpment in pre-1 994'
| housmg units in the current year by housmg type and Census .
, DlVlSlon, o L - .
o EQCESE,sga,eg, 5r IS the base year old equnpment in pre-1 994 housing umts by

housmg type and Census Division,

ELDRYPR,;;, " isasetof dryer penetratron rates by housmg type and Census -
‘ C Division, from the RMISC flle, and - ‘ :
" HDR,, ' : is the housmg demohtlon rate by housrng type

‘Furthermére, a second call to SUBROUTINE’REP.LACE(EU,RSYR,R,B,RECCL,Z) allows
switcning to-any technology when replacing clothes dryers in pre-1994 s’ingle_ family
. homes only. Retiring values are first calcdlated as in-(165) _above:jand stored as
OEOC‘RPQO' \eq,1,r» USErS rnay specify the fraction of homes whfch may switch away
from a certain technology by settmg the values RTSWFACT in the RTEKCL data file.
In"the second call, FLAG - 2 for pre—1 994 housing.

RDRYCON (Clothes Dryer Energy COnsur)'rpﬁoh Cornponent) '

Dryer Energy Consumptlon begms, as do the other consumptien components, with the
calculatlon of the base year dryer stock, whlch could just as easily have been: done.
in thel projection subroutme, and the-recalculatlon of the base efflclency used in earlier '

. subroutines, as shown in equation (91).
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Next come the unit energy consumptlon calculatlons For dryers, there are only three ‘
’ Flrst for surviving equrpment _ ; ' ' '
zqcsmzcm,, chvzc,,,,,, x % : .. - (166)
: : "‘1‘ I
where,” - . s L .
EQCSUEC,,;eg,,, - isthe UEC for surviving 1993 equipment in each equipment class, -
by housing type and Census Division, and’ S

. RTBASEFFM eg - IS the base e'ffic_i_ency of:t_l'\e same_equi‘p’_ment in each‘year. .

For new equ:pment S
- EQCNUEC, o3~ chwc,mxwchzﬁmm,xm ' ;fwch ”,,,,:(»067l
| BOONUEC,qs= BOCVEC. . m .
'where, | ‘ ) A' L . :
EQCNUEC Vieg.bir s the unit energy consumptron by year for new equupment by
housmg type.and Census Dwnsron, ’ ' ’
WTEOCEFFNyeg br 1S, the new equxpment efflclency by year, equ:pment class, 3
' - housing type ‘and Census Dwrsron, _
; RTBASEFFyeeg,' . “isthe base year efflcrency of the equiprrient- class,.and -
‘ EQCUEC,.,, - , is unit energy consumptlon for equrpment in 1993 housing by
- Census DlVlSlon, equipment class and housrng type
& For replacement eqUIpment '
EQCRUE Jw.b.r" EQC me?EQCEFFR,“ﬁ,xHBAS » MEQCM Rymb:ﬂGS)
W’,’ = EQCUEC, s "  otherwise :

EQCRUEC,;,,,_,,,,,,, _,' ls the unit energy consumptlon by year for replacement '

equrpment by housrng type and Census DlVlSlon, '

-WTEQCEFFR, is the replacement effrmency by year, equnpment class, housmg

eg,b,r
' type and Census Division, S ‘
_ RTBASE'FF,,,;;,, o is the base year efficiency of the equrpment class, and
IR Energy Information Admlmstratxon
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EQCUEC, ., lS unit energy consumptlon for eqmpment in.1993 housmg by

Census lesmn, equment class and. housmg type ‘

The average of the two umt energy consumptlon vanables 1s,

EQCAUEC, chzvvzcm,,, .fy-1993 ,
EQCAUEC, pes,s = = EQCNUEC, ., - ,;fﬁ_z; Ww‘sq
EQCRP0,,,;, x EQCRUEC 4, . ea).
+ BQCREP, 05, X BQCNUEC, sy -~ =~ ST (169).
+-EQCADDIM5¢XWJ&#
Wywxmmﬂw

L | .+ EQCSUR ,,;  EQCAUEC, 1o s, I
o “’""' EQCRP90 rvns + EQCRER, ,, + EQCADD, ., » oherui !'
-7 ‘ + EQCSRS’O,M, + EQCSU%”’&’

Finally, the energy consumption calculation is simbler,.than most of the other end

uses: B )
| . EQCESE,;, x EQCSUEG .
DRYCON,,,, = ¥ | + EQCADD, ,,, x zchuzc,w , i y=1994 (170) -
. - ® EQC oo x EQCR ye5.8r o a .

EQCFSE, e % EACSUEC
.- + EQCADD 5T X EQCNé’iccy,qj,r .
DRYCOR, e =X | mmymb.r x EQCAUEC, .5, L
: + EQCREF,,,;, X EQCNUEC, ;. |
| -+ EQCSUR, 5., X EA&UEC,“',, ]l .

/ _Refrigerati'o,n

RREFIT:'C (Refnyerator Teclmaloyy Chmce Component}

\

Equnpment operating cost for refngerators |s,
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where,

: opc:osry o |

. PRICES,,,,

RTEQEFF,,
FACTOR'

'
}

OPCOST,,,,,, = PRICES,,, x RTEQEFF,, x FACTOR - (172)

is the operating cost of the equipment 'type by housi.ng type, ,
-Census Division, and vintage in the current year, - e
‘IS the fuel price in the current year by Census DlVlSlon, from the
NEMS Macroeconomlc Module,

is the efflclencles of. the refngerator types, and .-

is a’ factor, MMBtu/kWh assigned the value 003412, that
converts the, units of RTEOEFF,,S, whlch is expressed in kWh for
refrlgerators and freezers, rather than as- ‘a dlmensmnless |

efficiency as for stoves.

. The following variables aré computed as in the equations indicated: .

LFCY..,,
EQWTN,,,

EQWTR,.,;

TOTEWTN;,
R equrpment by housmg type and Census D,wrsron. Iti is computed

TOTEWTR,,;

7
.

is the Iife.'c:ycle cost for the type of-equip’ment by Census Division
and vintage: It is computed as in (20) above »
is the equrpment weight for new equipment type by housmg type -

and Census Division. It is computed as’in (24). above

" is the equipment welght for replacement equipment by housing

" type “and Census Division. It is computed as in (25) above.

is the sum of ‘the individual weights for each type of ‘new

. as in (26) above.

, ..vlS the sum of the mdrvndual welghts for each type of replacement

equrpment by housmg type and Census Division. It is computed -

as’in. (27) above

-

" The two a'vailable classes of refrigerators, through-the-door and others, have market

“shares, dlstlngmshed by 7TDSHR For through-the-door refngerators,

B-90
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mﬂﬁf" mm B ; ) (173)
mm,mzmsgx BRI  (174)

 And for all others,

= 2y {{ - TIDS . (175)
m’”’ TOTEWIN,, x{1 -1 .HR) o o
’#’._f%xa’-}mm o lﬁsl.'

where, - o :
, {l(EO T.S‘HR,,,es,,;, is the r,na.rket share for 4n-ew refrlgjerator_s of the equipment type in
‘ ’ the current year by ‘housing type and Census Division, ' . '
' REOTSHR vesbr is the market share for the replacements of equipment type in the .
i current year by housing type and Census Division, and .
TTDSHR - is the share of srde-by—snde refngerators with through-the—door

"access features.

(177)

i 5 [NBQISER,;, x RIEQEFF.)]

. | __‘?[mmg@xmzqm;]
T e

" (178)

where, ) S .
WTEQCEFFN, ., is the weighted. average usage of. new refngerator classes by )
, . housing type and, Census Division;
WTEQCEFFR,, ., is. the 'weighted average usage of replacement refrigerator
' ~ classes by housing type and CeﬁsusDivisloh, '

- RTEQEFF, is the 'efficiency by refrigerator type, from the RTEKTY file,

NEQTSHR, ..., is the new market share for the equipment types in the current
* year by housing type and Census Division, T |
REOTSHR,;,e_s,,,,, ~ is the market share for the replacements of equrpment types .

i
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-

_in the current year-by housing type and-Census"Diyision._ :

RREFADD (Additions to the Reﬂlgeratar Stack COmponentl

Refrigerator addltlons are very srmple Constant multlpllers ensure that 10 percent of
new” srngle famrly -homes, recelve second refrigerators, and that ’there is one

| refngerator in each other home. : \ _
- EQCADD, o, Hsmnp,,__xn \ & buingle family home - (476
‘ EQCADD, ' —B.STEADD,,,, T otkawzsc C ’
where, _ | K '
EQCADDyeg,, - is the amount of new (post-1 993 vintage) refrlgerators added in
. newh housing unrts m the current year by housmg type and Census
* Division, and . T
HSEADD,,," is the number of new housing unlts constructed in the current

year by housmg type and’ _Census Division.

only three other vmtage comblnatlons are calculated for refngerators The following

variables.are computed as m the equatlons indicated:

EOCSRQO,,e_,, 5 1s:the survrvrng new (post—1 993 vmtage) equrpment in old (pre- -
1994 vrntage) housrng units by housrng type and Census Dwrsron .
Itis computed asin (37) above.
EQCRPQO,;,eg,,,",‘ is the number of, replacement (post-1993 vintage) equipment in
' pre-1 994 housing units. in the current’ year. by ‘housing type and
VCensus Dwrsron It is computed as in (41) above.’ (Subroutlne
_ . REPLACE is not called when replacing refrrgerators ) -
-~ EQCSUR, .y, s the surviving new (post-1 993 vmtage) equrpment in the current -
| E year by housing type and Census Division. It is computed as.in.
|  (a®above. . . R
‘EQCREPy,eg,;,,, ~ is the number of replacement units (post-1 993 vintage) equipment

_ Energy Information’ Administration ;
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demanded in new (post-1993 vmtage) housmg units by housmg_
type . and Census Division. It is computed as in (39) above.
(Subroutlne REPLACE i is not. called when replacmg refngerators )

RREFGON {Refrigerator Energy. Consumptmn component} _

The natlonal totals of base year stocks of refr@erators, EQSESE,ggseg are calculated
asin the other modules See equatlon (1 4). Also, the normal recalculatlon of the base
" efficiency, RTBASEFF as in equatlon (91) '

'Then follow the unit energy consumption calculatlons for surviving, new, and
’ replacement equnpment and their averages First, for survnvnng equnpment '

zqcsvzcwﬁ,; EQCUEC, ., X EFF1W S (180)

where,
EQCSUEC,

y.eq,b,r

is the UEC for survwmg 1 993 equ1pment ln each equ:pment class; .

. by housmg type and Census Division, and \ :

EQCUEC,,,, is the UEC for the onglnal 1983 equupment in each equipment ° .
class, by.housing type and Census Division; and

RTBASEFFy,eg is the base efficiency' of the same equipment ln each year. In the

, equation,fthe-ratic. between' the efﬁciencies- is inverted because of

the convention that RTBASEFF,, is usage for refrigerators.

For new refrigerators,

- s e 7 -4
W’W’" = EQCUEC,,;, mmsmqw: (181)

where, _ _ ’
,EQCNUECy,eg,,,I', ‘is the efficiency—Weighted unit enei'gy consumption for new -
refrigerators in the current year by housing type and Census:
_Division, _ - . ‘
Energy Information Administration - o
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i EOCZJ_EC,,;;,, b . IS S the unit’ energy consumptlon for 1993 refngerators by -
houslng type and Census D|v1s10n, e .
WTEQCEFFNY eabr is the market share—welghted usage of new refrlgerators in the
' . _ current year by housing type and Census Division, and ‘
RTBASEFF,;.,S‘,&eg . ls the 1993 stock-average efficiency of refrigerators.

]
\

For replacement refrlgerators, ' , ‘ _
B s i
where, o | - y .
'EQ_CRUECy,eg',, ,, -'is the efficiency weighted unit 'energy -consumption for
. replacement refrlgerators in the current year by housmg type . '
and Census DlVlSlOl’l, . ' A
WTEQCEFFR,, ,,,;, is the market share welghted usage of replacement
' | - refngerators in the current year by housmg type and Census
' DlVlSIOl’l, o S
R‘TBASEFF,ggélegl is the 1993 stock-average efflcrency of refngerators

. . . <
- ?

The ~weighted . average of the three UEC sets is calculated here. .In all ‘of the . -

calculatlons that follow, it is assumed that ten percent of refngerators are second
refrigerators in the home, runmng at the 1993 base UEC Ievel Thus, each expression
calculates the consumptlon for 1 of the refngerators at exrstlng equnpment rates, and

.9 at current year new equipmient rates.

. . -Eher‘gy Information Administration .
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EQCAUEC, 5., = EQCNUEC, .05, - SRS £\ o
+ EQCADD, 5 x. 1xzoc
+ (EQC'AD ) eg b oS+ EQC'REP, ,,)xEQCNvEC,
+ {EQCSRY, s, + m”&m)xmw
[ EQCRPS0,,;;., + EQCSR0 ]
+EQCADD,¢” + EQCREF, yeehr? EQCSUR,“;,

(183)
b, f 1991

EQCAUEC, bz, =

where, _ o
'EOCAUEC,; - is the average unit energy @:onsumptioh of refrigerators in the

- current ‘yeér by ho’using type and Census Division.

- The weighted average usage is now calculated. .

'WEFFA#“’.'.M’» - . , o oaFyases .
T ' ogwizqcm,,;,,so
. EQCSRS0,., % WIBQCEFFA, 4y, - '
..+ EQCSUR, ;. x WIEQCEFFA, 1.4y : o
+ EQCRP0, ., x WIEQCEFFN, .. - \.\
+ EQCADD,;, x B x WIEQCEFF, 5. - S (\% \
.+ EQCREP ) o5r X WIEQCEFFN, s, o
+ch49,,£,, % 1 x RIBASEFFig,. - otherwi

EQCSI&O,'Q -EQCSUR, .03, =
+ EQCRP90, . 5,.+ EQCADD, yeeds * EQC'REP,”,,

And the en'eréy consumption. lf year" 1994 :
’ EQC'MEJ”,;xEQCSUEC,W R .
2ERCON,, = 3 | EQCAPDyegs, X 1 X EQCUEC, o, .- (185}
kd zb: EQCAD,”,,x.SxEAC’NUEC,W .
. + EQCRPS0, Py op 5 X "EQCRUEC, , ;.

If year > 1994,
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| REFCON, =%

where,
EQCCON
EQCESE;,, -

EQCADD,,,

EQCRP90,,,

: D|V|S|on,

(186)

is. energy consumption for refrigeration,

s the survrvrng old (pre-1 994 vrntage) equrpment in old (pre-1994

vrntage) housmg units in the current year by housrng type and

‘ Census Drvrsron,

IS the amount of new (post-1993 vrntage) refngerators added in

- new housrng umts in the current year by housrng type and Census '

7/

is the number of replacement (post-1 993 _vintage) equlpment in

pre-1994 housrng units in the current year by housmg type and

Census Dlvrswn,

EQCRUEC,,,, -
EQCNUEC,
'EQCUEC,,

Freezers

B-96

is- the efficiency welghted umt energy consumptlon for_"‘

replacement refngerators in'the current year by housrng type and :

Census D|Vl$|on, and

is the effrmency weighted unit energy ccnsumptlon for new

refrlgerators in-the current year by housmg type and Census: '

D|v1s10n ,

is the unit energy consumptron for refngerators by housrng type»

and Census Dlvrsron

Energy lnformatron Admrmstratron
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RFRZ1£C (Freezer Teclmalogy Chmoe Camponentl
Agaln, the processing of the market share welghts is like the other end uses. The -

following variables are computed as ln the equa‘aons mdlcated

- OPCOST,,,,, is the operating cost of 'free_zers'by housing type and_ Census: -
7"Divi'sion in the current year. It is computed as for refrigerators.
See (172) above. - L
LFCY,,, - - isthelife cycle cost- for the type of equipment by Census Dlvlsion.
' - ltis computed as in’ (20} above. | .
EQ.WTNes,b,, " is the equipment weight for new equipment types by housing type.
| . ' and Census Division. It is computed as in (24) above.
EQWTR,s, is the equnpment weight for replacement equipment by housmg .
7 , type and Census Division. Itis computed as in (25) above.
TOTEWTN,,,, | is the sum of the individual’ wexghts for each type of new
' 'equ1pment by housmg type and Census Dlwsnon it is computed
) as.in (26) above. - ' 4 '
TOTéWTRb,,., is the sum of the individual weights for each type of replacement
' " equipment by housing type and Census Division. It is computed

as in (27\) above.

Shares for equupment types, in normalized form, are calculated somewhat as usual:’

NEQISHR,M, \ #’es—zqmglz:ﬁeezcr ) ‘
- EQ EQWIN,5, ' ’ : ‘ (187)
- NEQDHRyeir ™ Torawm,, % 'm » o
REQ!SHR” o= = UPSHR : s ;fa—zqmgfzﬁzw oo
- '(188)

REQISRR,_,,_,,, —@—x(i-vpszzx) mmse‘

-where, . ) . |
NEQTSHR,, ., is the new market share for the equipment type in the current year
by housing type and Census Division, ' S

Energy Information Administration ’
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REOTSHR,,,S s is the market share for replacement, of equrpment types in the
current year by housing type and Census Dlvrsmn, and

UPSHR - -is the market share for upright freezers

‘ The average effrcrencnes for new and replacement equrpment are standard

X, RERQEFE, x NEQTSR oy

mzqczm\gm,_ =3 . | ~(189)
chm“' ‘ Emm xmm’m s
Y D EeR, :

where,
WTEQCEFFN, cqbr IS ‘the market share-welghted usage of new refngerators in the
‘ " current year by housmg type and Census Dlwsron,
WTECCEFFI?‘y'eg,b ; is- the market share—welghted usage of reptaeement
' ' .‘refrlgerators in the current year by housmg type and Census
) . Division, - , o L
_ NEQTSHR,{ES,,,,; ' is the new market share for the equrpment type in the current
‘ ' - " year by housung type and Census D|v1s10n, and ' '
. REOTSHR,;,;;b'( is the market share for the replacements of equrpment type in
: ‘the current year by housmg type and Census DlVISlOl’l '

1

RFRZADD (Additions to the Freezer Stock COmponent)

Calculations of changes in the freezing equrpment stock mclude all seven categories

of vmtages Additions post—1 094: /.

S 'zacanpm, ,mp,;,x B - 18
where, :
EQCADD is the.amount of new {post-1993 ,vintage) equipment added in

Y.€q.b,r
new housing units .in the- year by housing type -and Census

o Energy Information Administration ’
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HSEADD,,,,

.- FRZSAT,,

DIVISIon, ‘
is the number of new housing 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, from the RMISC flle,; expressed as percents.

" The following variablee are computed as in the equations indicated:

EQCSR90,,,,

EQCSUR,;,

EQCREP,,,

k)
~

is the surviving new (post-1993 vmtage) eqmpment in old (pre-
‘1994 vintage) housing units by housmg type and Census Dlvrsmn
It is computed as in (37) above. '

'IS the amount of surv:vmg new (post-1 993 vmtage) equnpment in

" new (post-1993 vintage) housrng unrts |n the current year by

housmg type and Census. DlVISlon It is computed as in (38)
above.. R '
is the number of replacements for the currént year in new (post- .
1993 vintage) hbustng units by nousing type and Census Division.

It is 'computed. as in (39) above. (Subroutine REPLACE is not

. called when replacing freezers.)

\

And the/numl-)e:r of freezers for replacement in old houses is

chm:bm

where, ,
EQCRPQO

FZRPFAC.

v = (BQCESEigps5, < EDRY "™ - EQUESE, , ) x FZRPFAC - EQCSE90, 35,

" (192)

is the nurnber of replacement (post-1993 vintage) equipment in

pre-1 994 housing umts in the current year by housrng type and

 Census Dlvrsmn, and

is the percent of retrred freezers that are replaced. (Subroutlne"

-REPLACE is-not called when replacing freezers.) .
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'FRZCON (Freezer Energy Consumptmn Companent}
The detailed unit energy consumptlon varlables are computed exactly as for

: refngerators ' . ‘ e .
EQCSUEC,, eabr rs the UEC for survrvmg 1993 equipmentin each equrpment class, .
by housing type and Census DlVlSlon, calculated as in equatlon -
(162), ) _

EQCNUECyeg 5 1S the effwrency—werghted umt energy consumptron for new

' refngerators in the current year by housing type and Census o

~

DIVISlon, calculated asin equatron (163),
EOCRUECyeg 5 is the effrclency werghted umt energy consumptlon for
replacement refrrgerators in the current year by housmg type and

. Census Division, calculated as in equation (16,4)}

_ Average UEC’s are drfferent however They follow the pattern of coollng equrpment_ ,

‘ grven in equatlon (95)

. Weighted average usa‘ges are then ‘calculated,

WIEQCEFFAy s, = WIEQCEFFNM,,' BRI S 4
: L o g _or WIEQCEFFA < 0.
BQCSR0,05; mmdy-rm.r '
.+ EQCSURy o0, x WIEQCEFFA, 1003, ,
Eocxpmmﬁ,xmzocmw, L 9%) -
N .-+ EQCADD,;, x WIEQCEFFN,.;, . 1 .
WIEQCEFFA, o03; = —— + BOCRER, o3y X WIEQCE MMy egsy #1984 :

EQCS yeshr * EQCS UR?M .
+ EQCRPS’O,#,, + M yeedr. EQCREP yeshs

where, o o _
WTEOCEFFA,, eq.r 1S the market share welghted average usage of freezers in the

current year by housrng type and Census Division.

-

Finally, the energy consumption calculation follows the usual p'attern:.'

| L . ‘ Energy Information Admrmstratron
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e b x( PRICES, ]] oo 19
* yeshr” ye827) PM?ES?’ A% ‘

FRZCON =¥ + Wi:» X'-EQCRUEC:::: PRICES,,, 1 95‘195)
: e 4 ||+ BQCS. : mzzc,u\;,g,,,,sgs » ¥ 3>1

Lighting

Lighting is éonsiderably different from the foregoing end uses: |t is handled entirely. )
outside the use’r—mddiﬁable environment, embodied in the RTEKCL and RTEKTY files, . . .
that is used for the major energy-consuming end uses. For lighting, there is a single -

]

component, as shown in the following section.

. LTCNS {Llyhimg Energy Consumptmn COmponent) )
,The component begins with a market share. table that. glves the market shares for

three different efflclency levels of light bulbs, EFFes,

Efficiency- - “Niarket Shares

Level 1993 2004 2020
18 .97 ~93 .88
.67 .03 07+ .12

88 -/ .00 .00 .00

Using a linear interpolation over each -of the time spans in the above table, the
component calculates a matrix, MKTSHR, . of Iighﬁng’ma'rket shares as a function of -
: tifne. From that, jt calculates a matrix-of average usages thaf: are éssigned equally to :-

-all housing types and regions:

: Energy Information Administration . ~ .
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g, - % z'p’y.-,'*m"%e]' pre-tzs o (198)

. where, . . S B . )
WTLEFF,,, are welghted-average usages for lrghtmg, by year, housmg type and

. ~ Census Division, . o , L

- EFF, " are efficiencies of the three classes of light bulbs, from the table

. above, and | “ :

‘ MKT.S‘HR,,,_,s are "annual- market shares for the llghtlng classes, from the table '

above

. A recent trend in the hghtlng end use. has been the use of high wattage halogen lamps
(or torchlere lamps) These lamps are relatlvely inexpensive, however, .they are

intensive in electrlclty use relative to traditional lrghtmg systems To account for the

llncreasmg use of torchrere lamps, the lighting consumptlon subroutlne mcorporates .

a series- of equations fo estlmate the impact of lncreased torchlere lamp use on

_llghtlng consumption. Namely, . 1 o o
- TCHUEC, ,; = LTUEC,, x TCHSHR x TCHPEN, - . (197) - -

where, ' _ ‘ , - L
TCHUEC,, rp IS the unit energy consumptlon for torchlere lrghtlng by year, Census

. Division and housmg type, . .

LTUEC‘, 5 " isbase year unlt energy consumptlon for llghtmg by Census Division
- and housing ‘type, from the RSUEC1O file, _ | L
TCHSHR s the base year share of unit energy consumption for lighting that is
' - torchiere lamps, ‘and : L

" TCHPEN, s the estimated penetration of torchlere lamps for future years.

Next, the component calculates unit energy consumption for standard lighting,

-

: ‘ _ ‘Eneray. lnformatron Administration - l
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* where,
. LTNUEC,,,

mJUEcm - (1 ~ TCHSHR ) gr:mz’c,,xmzm”xwm | .(128}

is the unit energy consumptlon for llghtlng by year, Census D|V|S|on

" and housmg type,

LTUEC,,

WTLEFF,,,
BASEFF -

is base year unlt energy consuniption for lighting by Census Division
and housing type, from the RSUEC1O file, -

is the welghted average usage for.lighting calculated above, and

is the base effrcrency for hghtlng equipment; set at present t0.18 in

the component

The final step of this component is to calculate Gonsumption for, the lighting service -

category. Namely,

LTC

where,
LchNy,
EH,,,
N, ,
LTNUEC,,,

SQFTLTS,,,,

DISPLACE

()]

.is the shcrt-terrn price elasticity, presently valued at .15.

.is the energy consumption for' li‘ghting‘ by year and "Census
Division, 4 . . _ »
is the number of old {pre-1 994) housrng unrts in the current year
by housung type and Census Dlvrsron,
is the number of new (post—1 993) housing umts in the current-
year by housing type and Census Division,

‘is the unit _energy consumptlon for Ilghtlng by- year, Census
Dlwsron and housmg type, ‘
is the average floor area of homes, relatlve to 1993 floor areas,
calculated from the floor areas given in the RSSQRFT file, used. tc

“adjust fcr increased lighted areas in future new homes, and .

is the amount of lighting service demand displaced.by using

Energy Information Administration
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torchiere lamps. " -
‘ 'PCCIVS {Personal- Computer Energy Consumptlon Camponent}
This submodule is srmrlar in nature to the Ilghtmg submodule, however, at this trme_
. there is only one’ efflcrency level ellmrnatlng the need “for the market sharing found
_ln'the lrgh’tlng,‘ submodule. As an alternatlve ‘approach, growth rates have been
' formulated ofﬂine in '(roughly) flve year lncrements Using this -approach, only the'
number of personal computers and the unit energy consumptlon (UEC), i in addltlon to
the aforementioned growth rates, are needed to' calculate energy consumptlon
: Speclfrcally, ) \ _ ' S
| ., PCNUEC,,, = pcvzc,x poPEN, . - ., . (200)
where, - | . "
PCNUEC,,,,, is the unit energy consumptron for personal computers by year,
o Census Drvrsron and housrng type, .
PCUECnb B lS base year unit energy consumptlon for personal computers by
. Census Division and housing type, from .th\e ‘RSUEC10 file, and

. PCPEN,. . isthe estimate'd‘penetration of personal computers for future-years.

Next, the component calculates the number of* personal computers in the stock for
. future years. Slnce the growth rate |s tied to the UEC the saturatron of personal L

computers wrll remain frxed Therefore,

. o
s

EH 10553 ] ( Mysa) - “ ‘ -

.. . ) . :
where, ' - o ,

PCE_OP,, , b - is-the number of personal computers by year, Census lﬁivision and

housing type.-

i .

L Energy Informatron Administration
B-104 . NEMS Residential Demand Module Documentation Report -



The final step of: this component is to calculate. consumption for personal con)putersv.- :

Namely, ‘
S ) ' » PRICES. . \* R
- % PCNUEC. Ty (202)
PCCONW g (PCEQPI lib-') X ( Pmcwf"'m] ] R .
where,. .
a ' is the short-term pnce elasticity, presently valued at. 15.
PC‘CON,, v is the energy consumptlon for personal computers by year and

Census Division,

_ TVCNS ICoIar Telewslan Energy Consumptlon Component)
This submodule is SImllarm nature to the personal computer Growth rates Have been

. formulated offlrne in (roughly) five year increments. Usmg this approach only the

number of color telewslons and the unit energy consumptlon (UEC), in addmon to the
aforementloned growth rates, are needed to calculate energy consumptlon

. Speclflcally, ' ‘ .
TVNUEC,,; = TVUEC,, x TVPEN, = . - (203)

S

’where, .
,TVNUECY b IS the unit energy consumptlon for color telewsxons by year, Census
Division and housmg type, , T '
TVUEC,, s base year umt energy consumptlon for color televisions by Census .
Dlv1$1on and housmg type, from the BSUEC1O file, and - '
TVPEN, s the estimated' penetration of color televisions for future yea'rs.
.Next the component calculates the number of oolor televisions in the stock for future '
years. * Since the growth rate is tied to the UEC, the number of color televnsuons per

household w:lI remain fixed. Therefore,f ' | ‘ N
TVEQ b (mm:,m,u)xmm o o - (204)

where,

) Energy Information Administration
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-

-

TVEQP,, is the number of 'coIOr televisions by year, Censu_s‘ Division and
_ " housing type, and . L o o 3
CTVSA T, isthe number of color televrsrons per household by Census D|V|sron

and housmg type

_* The final step of this component is to calculate consumption for color televisions.

Namély, - S ; Co A .. L
: _ . pRICES.. Y | L
- _PRICES,,, - (205)
:r'r'coz\zr E qu,,, X: MUEC,,,,) * [PRICES',,,&,]] |
where, o ,‘ - '_ R / .
a * I8 t‘h_e'short'-ter‘m price elasticity, présently valued at .15.
TVCON,; " is the energy consumption 'for color televisions by year and

. Census Division, - LT
.o N E . .. !

Other Electric Appliances
Other electrical appllances is a catch-all category that mcludes mlscellaneous electrical
.uses llke small kitchen appllances, consumer electromcs, and small motor devnces that
-are used in homes, but do riot fall into any of the other categones of equipment that
have their own module components The component dlstrlbutes the residual electncrty
into three major categones, namely electromcs, heatlng elements, and motors. Based
" on. historigal data, growth rates are estlmated for each category, then applled to the
unit energy consumptlons in the same manner as. demonstrated in the color telewsron'

subroutine.

-APCNS (Hecﬂrc Appﬁance Energy Cansumpﬂon Companent}

'The three components of mlscellaneous electrrc use are computed as follows

-

. S "Energy. lnformatron Admmlstratlon
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E[(Nﬂw Eﬂw)xm .axEmPEN] (206)

HMOTRCN,, = 3 [(Nﬂw%)xum wmm 1 (207
conch,, = ¥ (B, + B, ) C??L‘?-?Cr.» x COEPRY,] . (208)
where, ’
k EILTRCNW .' is home electronics energy consumption, o o
- MOTRCN,, |s mlscellaneous small motor energy consumptlon, '
- COILCN,, is mlscellaneous heating elements energy consumptlon, ‘
EH, ;. . s the number of old (pre-1 994) housmg umts in the current year
| by houslng type and Census Dlwslon, ‘ ‘ _
NH,,, br is the number of new (post-1 -993) housing units in the current
, year by housmg type and Census Division,
ELTRUEC, ; is base year unit energy consumptlon for home electronics by

‘Census Division and housmg type,
MOTRUEC,,,, is base year umt energy consumptlon for ‘miscellaneous small
, ' , motors by Census Division and housing: type,
C:O/LUEC,, , . is base year umt energy consump’aon for mlseellaneous heating
o elements by Census Division and housmg type, ,

ELTRPEN is the penetratlon rate for home eleetromcs,

MOTRPEN - s the penetratlon rate for mls_cellaneous small motors, and
COILPEN ~ is the penetration rate for [niscellaneousheating elements.

S,

Finally, the sum of these three components equals the total amount of electricity

Energy Information Administration _ -
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consumed for mlscellaneous uses. _ , \
4PCON, - IRCN '+ MOTRCN,, + COLCN,, .~ .  (209)
“where, - c |
"APCON,, s total electric appliance energy consur_npti'on',

Secondary Space_l-leating T RS
Secondary space heatmg refers to small supplemental heaters, normally. portable, fired-
by electrlclty, kerosene or other fuels, that are used for spot heatlng or otherl

~

occasronal stcpgaps.

" SHT CNS (Secondary Heatmy Energy Cansumpmm COmpanentl

' Energy consumptron by secondary heaters is calculated dlrectly from sharés by fuel

- read into the model from a user file: -

| ,‘ Smo% E [smfxm#fxsmcrﬂx‘-mz‘ym] o #f‘—cot‘tl ,
;HYCON,# 2 [SH!SHR,,&(I\ZH,# %xm,,ﬁmmmg,] iff—wood (210)
SHTCON 4, = ; [smsma,,x(m,,, zzz,,,)xsmvzc,ﬂuasma,,,] ozhemrse

' 'where, . ‘ .
SHTCON,, £ 1S the consumptlon of energy by secondary space heatmg equrpment
I by year, fuel and Census DlVlSlon, '
’ .SHITSHR,,', . are shares of seven fuels for secondary space heatmg by Census ;
DlVISlon, ‘
EH,,, . s the number of old (pre-1994). housmg units in the curr’entyear by
o housrng type and Census Division, _ '
. NH,,., is the number of new (post—1993) housing units in the current year
’ - by housmg type and Census Division, '
S\H’TUEC,,,;,, is base year unlt energy consumptlon for small electncal appliances -

.
N

by Census Dlwsron and housing type, from the RSUEC1Q file, .

. Energy lnformatlon Administration
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AH.S’HELLy £ 1S the average post-1 993 heatlng shell lndex by year, fuel and Census
" Division, equal to 1in 1993 and I '
’ ACSHELL,,,, is the average post-1 993 cooling shell lndex by year and Census
: DIVlSlon, equal to 1 in 1993 '

The loglc is desrgned as shown to constraln the component to dlsallow coal

supplemental heat in post-1993 homes, and to use the coohng shell rndex for wood" *

supplemental heat,.rather than the heating one, because wood is not one of the fuels .

for heating shell indices.

Other Appllances , _
Other applrances refers to small appllances not covered ln the other categories that
do not use electncn:y as their pnmary fuel, such as backyard gnlls Consumptlon alone

is calculated.

| APPCIVS (Appl' lance Energy Consumption Camponentl
The formula is a simple calculation from housrng stock and unit energy consumptlon

4PLCON,, < T (¥ + B x 40RO Wl L. @211

‘where,
APLCON,,,, is’ the energy consumptlon by other apphances by year, fuel and
Census D|V|S|on, _ ’ - .
EH,, is the number of old (pre-19294) housrng units in the current year by
’ , housmg type and Census Drvrsron, _ _
N)-/,,,, " is the number of new (post-19893) housing units in the current yearr‘ )
o . by housrng type and Census Division; and . ' .
ARPUEC(,,,@ are. unit energy consumptron estlmates from the RSUEC1O file, by

year, housmg type, and Census DlVlSlon
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Fuel C'onsurhption\Totals S

o : FUELCIV !Fuel Consumpﬂan Tolals COmponent)
The total residential energy consumptlon for the natlon is computed by summlng end
use servnce consumption by fuel for each Census Drvrsnon. The dwnsron by a million
converts umts from mllllon Btu per year to trllhon Btu per year. The factor LEAPYR in

. each equatlon takes on the value of 1 in all years ‘but leap years, when it has the
value 366/365. ' '

-~

Natural Gas HIRCON, ,, + B20CON,,, ,+ CE

L +:Jxrcozv +coozcw szm:oN . + APLCON, . (212) .
RSFLCH, o, = - Lt " Duar . IEAPYR
Electricity - HTRCON, iy + COOLCN, iy + H20CON,

yokearickyy . . N
+ REFCON,, +MCON + LICON, +TVCON”+CSWCON ’ : ,
+DSWCON +FANCON -l-PCCON -l-APCCON

RSFLCK, ity = = - 1oooooo — L X LEARR
| ° | ' S 214
RSFLCN, oz, = — MN@“OUU+UUSD¢ON s LearR g
LPG - A ‘SHTCON, 335, + APLCON, 106 e o1
r j_» oo = - mcor\r,ﬁm + z:zocorim ¥ cxcozv,m, » mpm @
Kerosene ' ~ - o o '
(TETOSENE ARG, = mcw’% Vs ppaprr © (216)
Coal : . SHICON.... :
3 : . tniniainld "2 2 C - (217)
S RSFLCN, s, = — oy x mpm R
Wood - " HIRCON...,. + SHICON. ' 04
. . mcxzm = ’-’"_;‘&')ww ’m\ m o (218)'
Geothermal RS o MCONM,.:; + COOLCN, M < IEAPR - -(219)
‘Natlonal Total S RSFLCN,;,wm" 2 (RSFLCA;,,) ; ~ (220)
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 Appendix D: Model Abstract

Model Name.
.NEMS Res:dentlal Sector Demand Module

Model Acronymi:

None

- Descnpt|on. o I

The NEMS Resndentlal Sector Demand Module is an mtegrated dynamlc modellng
system that projects reS|dent|a| energy demand by service, fuel, and- Census.
Division. The modeling methodology is based on accountlng pnnmples and
conSIders lmportant lssues related to consumer behavior. Housmg and equlpment \
stocks are tracked over the forecast penod for seven’ major services. The major ‘
services conmdered are.space heating, space coollng, clothes washlng, '
dishwashing, water heating, cooklng, clothes drylng, refngeratlon, and freezers.

A logit functlon is used to estlmate market shares of each equnpment technology

l within each major servnce based on elther the installed capital and operating costs .
or the llfe-cycle cost. nghtlng chonces are modeled by assummg market shares
for three speclflc Ilghtlng technologles in specific forecast years. Miscellaneous
| appliance consumption is calculated as a function'of Un'it‘ Energy AConsukmption
(UEC), a measure of energy intensity developed from the. Resxden’ual Energy

' Consumptlon Survey (RECS) data base.’

Purpose of the Model:

- As a component-of the National Enei'gy Modeling Syllste_m; the Residential Sector .

| Demand. Module generates mid-term forecasts of residential sector energy demand

Energy Information Admiinistration .
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- for the penod 1993 through 2020 The model facrlrtates policy analysrs of energy

markets, technologrcal development "and regulatory development

Most Recent Model Update
October 1997. "

Component of Another Modelmg System:
“ The Residential Sectér Demand Modtile is deS|gned executed and malntalned as .

part of the National Energy Modellng System _(NEMS).

- Model lnterfaces _ ,

The NEMS ReSIdentlal Sector Demand Module receives populatlon and housmg
constructlon input data from the NEMS Macroeconomic Actnv:ty Module (MAM)
' Outputs in the form of _quantltles of fuel ‘demanded in the residential sector are .
provided to the NEMS Integrating 'Module‘ and the NEMS Supply Moduilés: '
, Electncuty Market Module, Petroleum Market Module, and Natural Gas Supply

' '-Module C " ’ - S

- Office Model Representative: -
‘ John H. Cymbalsky _
Offlce of Integrated AnalyS|s and Forecastlng

' Energy Demand Analysrs Branch
(202) 586-4815° =~ .

Documentatlon
Model Documentatlon Report Residential ;Sector Demand Mode/ of the Natlonal
.Energy Modellng System, February 7 998

- - Energy Information Administration - R
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Archlve Medra and lnstallatron Manual:

The NEMS Resrdentral Sector Demand Module has been archrved as part of the

' :NEMS productron runs that generate the Annual Energy Outlook 1998. (AE098) on .
'. the EIA IBM RS 6000 workstatlon Thé archive tape is a Verbatrm 8mm—DL 112M

data cartndge, serial number 104661 12, under the name filex.

Energy System Descrrbed

U.S. resrdentlal sector energy consumptron
Scope of Coverage:

. :Geographlc Nine Census Divisions: New England Middle Atlantrc, East .
" North Central West North Central South Atlantrc, East South Central West
South Central, Mountain, and Pacific . '

° Tlme Umt/Frequency Annual, 1993 through 2020 is the current mld-term "

horizon

® Products: Fuel consumptlon rncludrng electncrty, natural gas, drstlllate,

| liquefied petroleum gas, kerosene, geothermal wood solar thermal, and

coal. Energy consumption per household. Equipment.stock and effrcrency

o Econornlc Sectors: Domestic residential sector .

° Services; Space.heating,lspace co'oling,v clothes washers, dishwashers,
water heating, cooking, clothes dryrng, refrigeration, freezers, llghtrng, other
color televisions, furnace fans, personal computers, electric applrances, other

) appllances, and' secondary Space heating.

e Housrng Types Slngle-Famrly, Multlfamlly, and Mobile Homes

" Model Features

* . Model Structure Sequentlal algorrthm composed of housrng and equrpment

}::.nérgy Information Administration ' . -
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r

stock flow algonthms, technology ch0|ce algonthm, housmg shell lntegrlty
'_ algorlthm, end-use. consumptlon, and emrssnons calculatlons
e - Modellng Techmque Housmg and equrpment stock turnover are modeled
| usmg lmear decay functlons Market shares for each type of equrpment .
choice are based ona loglt functron employlng mstalled capltal costs and
| operating costs. Unlt energy consumptlon estlmates, fuel prlces, and
equipment market shares are user lnputs that drive the calculation of flnal
end-use consumption. ' ' \
o Specral Features: Technology chorce loglt functlon has the ablllty to use
- lnstalled capltal and operatlng costs or hfe-cycle costs to determlne new

3

market shares

Non-DOE Input Sources:

: . " B . !- N
American Home Appllance Manufacturers Assocratlon

N Shlpment-werghted efﬂmency ratlngs for refngerators, freezers, and room air

conditioners. -

U S. Bureau of the Census, "Current Constructlon Reports—Senes C25
Characteristics of Néw Housing: 1994," 1995 '

. —

° New housing and base year market shares for some servnces and equipment
types. ' '

' 'Gas Appllance Manufacturers Assoclatlon, “Consumers Dlrectory for Certn‘led

Effi C|ency Ratlngs," 1994, '

Lawrence Berkeley Laboratory, "The Potentlal for Electnmty EfflClency
lmprovements in the U.S. Residential Sector,” 1991
K Residential equrpmenttechnlcal characterization data.

. Energy Information Administration :
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(3 Expected minimum and max1mum appllance Ilfetlmes

e Expected llfetlmes of housmg types.

' The maj’or data input sources afe discussed in this -Appendix Ap'pe‘ndbé C ‘provides_ /
‘additional blbllographlc cntatlons of data sources used. in the ReS|dent|aI Sector

Demand Module

DOE Input Sources: . ‘

u. S Department of Energy, Energy lnformatlon Admmlstratlon, Res:dentlal Energy

: Consumptlon Survey 1993.. ' '

° Base year market shares tot services and eouipment types. o o e
o Base year: housmg stock. ’ L

e  Unit energyconsumptlon values (UECs) - S L

The major data mput sources.are dnscussed in this Appendix. Appendlx C provndes
. addltlonal bibliographic cutatlons of data sources used in-the ReS|dent|aI Sector

Demand Module.

Computmg Envnronment
®  Hardware Used: IBM RS—6000 370 Senes

Operating System AIX 3.2. 5
Language/Software Used: IBM XL FORTRAN Compller/6000 Versnon 3.1. 1
Memory Requirement: 3, OOOK |

'Storage Requirement: Since the Residential Sector Demand Module has not
yet been archived at the time of this writing, the-number of tracks -of an IBM
3380 disk pack that are required are currently unknown. This information
will be provided upon completlon of the archival process

® ° Estimated Run Tnme 0 8 seconds CPU time per lteratlon .

o Special Features: None

Energy Information Administration .
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Independent Expert Revrews Conducted L |

P}

lndependent expert revrews of the Res:dentlal Sector Component Desrgn Report

May 28 7992 were conducted by. Inderjlt Kundra, Offlce of Statlstlcal Standards, -

Fred Joutz Office of Statlstlcal Standards, Ronald D. Sands, Batelle Pacific
~ Northwest Laboratory, James E. McMahon, Lawrence Berkeley ‘Laboratory; and -

" ~Francis X. Johnson, Lawrence Berkeley Laboratory

" Status of Evaluation Efforts b'y"Sp'onsor:

None.

_ " Energy Information Administration
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Appendix E: Data Quality’

Thls Appendlx dlscusses the quahty of the survey data source from which the
majorlty of the hlstoncal housmg stock, appliance stock and technology
information that drives the NEMS Residential Sector Demand Module is drawn.
This survey is the 1993 Resndentlal Energy Consumptlon Survey (RECS). Data
quallty lnformatlon pertinent to add|t|onal sources used i in the module development
‘is not available for this report "The parameter estlmates included in the Residential
Sector Demand Module -aré user-specifi ed. A sensmvnty analysis of the major

_parameters is included in Appendlx F, Model Sensrtmtnes
Q_uality.of,lnput Data

RECS Implementatlan , . ‘ )
_The RECS procedure is composed of two 1nstr(1ments the household survey and |

the energy supplier survey. Data is collected from a representative sample of
households through personal interviews. Billing data is next collected through- mail .
questionnaires from the energy supplier to the, partlclpatlng household provided
that authorlzatlon is obtained from the household The results of the household
and energy suppller surveys are presented |n the Department of Energy

" documentation of the RECS 1993 survey"2 ‘

Stage | of RECS consists of a personal interview. The sample for the interviews is

1 U.S: Department of Energy, Energy Information Administration, Residential Energy _ »
Consumption Survey: Housing Characteristics 1993, DOE/EIA-0314(93),
Washmgton, D. C Iune 1995. v

- 2 U S. Department of Energy, Energy Informat:on Admlmsttatxon, Residential Eneggx

- Consumption Survey: Household Ene tion and nditures, DOE/EIA-
0321(93) Washington, D C., October 1995 ) ‘ - .-
Energy Information Administration -
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developed based on all unrts occupred as a pnmary resrdence in the 50 states and -

the Dlstnct of Columbla. The sample design process is composed of f ive steps .

. that dlsaggregate the geographrc scope into housmg clusters of approxnmately 5
housrng units to be surveyed. ‘ : :

The interview responses provrde information on housrng structure including

_ insulation, doors, wrndows, space condrtronlng systems, use of wood fuel, energy

conservatron lmprovements, household applrances, household vehicles, receipt of

I govemment assrstance for-the cost of space heating, and demographlcs

' Householders were also asked to sign authorlzatron forms to allow access to therr

brlllng records with energy supplrers

_ Stage Il of the survey- design consists of a mail qu;esti'onnaire' for"'energ'y.suppliers
- of the households interviewed i in Stage L Supplrers of residential electncrty,

'natural gas, fuel oil, kerosene, and liquified propane gas (LPG) are contacted in-

—Stage i _For the 1993 RECS, each supplrer was asked to supply bllled quantrtles

: and expendrtures for the households mtervrewed in Stage L

Data verrfrcatron begins with a manual venf’ catron of the interview data’ from Stage

\' l The questlonnarres are checked for completeness and consrstency lntervrew
' responses are compared ‘to energy suppher data, and respondents are contacted
- the event that an inconsistency persrsts. These data collectron and verifi catlon

procedures ensure the quality of the survey data .

) Energy.lnformation, Administration o
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Appendix F: Model Sensitivities. -
Solution Methodology . -~ = .

As the description in Section 4, Model ‘Structure, and Appendix B, Detailed Mathematical
Descnpnon, shows, the soluuon methodology of the NEMS Residential Module isa dn'ect, one- .
~ pass, computation of linear and non-linear systems of equations to develop the resldenual module

' outputs such as quantity demanded by fuel type. Consequently, convergence wnhm the NEMS
' Re51dent1a! Module is never an 1ssue nor is 1t relevant since the. algonthm w1thm the resxdennal
module is not iterative. '

The model requires no estimate of the cunent-yenr solution to compute the solution to the NEMS.
Remdennal Module since the current year soluuon depends on only the values of the solution in
the prev:ous year plus the current economic conditions and other inputs from the rest of NEMS. .
Listed in descendmg order of model sensitivity (as will _be shown below), variation in weather
- patterns, equipment efficiencies, housing starts and fuel prices do influence the residential module
equipment purchase decisions and total quannty of fuel consumed. This appendlx contains a
. series of sensmvny analyses for the purpose of ﬂlustratmg the behavxor of the xesxdennal modnle '
‘These sensmvmes illustrate how the model responds to changes in key model mputs .

Although ngorous tests have not been performed to determme the maxunal meamngful values
for the key model inputs, an indication of values for which the model has proyen to be valid is
" given by those used in the sensmvny analyses.‘ It must be lstressed that care must be exercised

- in selecting input values so that the model produces meaningful resilts. . '

“Energy Information Ad:mmsu'auon o —
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, _"rheore,tieakl; bonsidefatione |

. Because of the dn'ect (rather then 1terat1ve) solunon algonthm and because all of the functions.
. in the NEMS Residential Module are eontmnous and dxfferennable in the domain of appheablhty
of the model (that is, when reasonable and consxstent mputs are prov1ded into the model) the'
model always produces a umque solution. Enstence and convergence are not an issue. Asl
'prevmusly :mentioned, some of the inputs to the model may be correlated (as in certain
' demographlc and maero-economlc mputs) and if inconsistent pau:s of such inputs or neganve-
prices are chosen, t'nen the model will produce ‘meaningless results Th:s behavior, however,
consistent wnh the ‘well know reahty in computer models of garbage in- garbage out"; When e
" the model is run in a stand-alone fashlon, the user must be certam that the inputs are consistent ‘
: and credible. ’ ) ‘ C '

Examples 'of input'assnmpﬁons that.vgill‘ cause the xnodel to prodnee meaningless results include: :
A severely altenng base year data, e.g., doubhng the ex1stmg 1990
housmg stock, - :
e charaetenmg unreal:sncally snper-efﬁclent technologzes w1th '
' low acquisition costs, and -~ '
e \modlfymg prices con51derably i excess of vananons lnstoncally expenenced,
sueh as quadmphng pnces in one year :

’

" Energy Information Administration - -
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Sensitivity Analyses'

To demonsu'ate the NEMS Resrdennal Module s behavxor under a variety of srtuanons, several
model runs were made to tést its sensitivity to altered values for key input vanables. These runs -
were then companed with the Reference Case forecast used for the AEO 95. The sections below
describe the six- major inputs and outputs chosen for this exercise, as well as the results of the
vanalymsmtabularandgraphrcalformx., . 20 N '
Input Variables

The six mput vanables chosen for the. sensmv1ty analyses were selected based -upon therr
perceived mportance in producing the AEO 95 forecast. The sxx vanables and the. magmtude

" of variation are given below.

_ Electricity, natural gas, and dzstzllate prices. Pnces for the three major resrdennal fuels were
each increased by 25 percent over their values in the AEO 95 Reference Case in every year of
 the forecast (1995 through 2010) Fuel pnces affect the projected consumpuon levels-in two
“ways. Frrst, there is an 1mmed1ate "short-run" response best thought of as immediate ‘behavioral
changes. For example, higher heatmg fuel prices will result in lower thermostat settmgs These
near term behavioral responses are captured through the model’s short-term pnce elasncmes

- Overa longer interval, the efﬁclency level of both ‘the building shell and ‘the energy-usmg

equipment inside the house will also vary in response to pnces For example, when the
replacement of space heating eqmpment is necessary hrgher fuel prices lead to greater efficiency
"for purchased equipment and lower energy consumptlon. The longer-term eqmpment-related
responses will- alter fuel consumpuon over an extended number of years in- contrast to the
jmmediate short-run effects. Based on these two pnce-related responses .(which operate in the
. same dn'ecnon but over dlfferent intervals), it is expected that contmued hrgher fuel pnces will .
lower fuel consumpuon and energy mtensrty and that the effccts wﬂl tend to mcrease over time.

‘ Energy Informanon Admrmsnanon ’ . ©
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' Housmg stam Housmg starts by Census Division and housmg type (smgle-famtly, mult:famtly,
and mobile homes) are the macroeconomic variables whrch dnve the NEMS Residential Model.
For each Census Dmsxon and housing; type, starts were mcreased by 10 percent every year, -
. relanve to the AEO 95 Reference Case begmmng in 1995, Logically, these variables represent
& household forrnatron and are consistent wrth a scenano thh 1mphc1t1y higher populanon growth.
New resrdennal construction embodres new techmques and technologtes and tends to be more
efﬁctent than the average existing stock. Thus, itis expected that mcreasmg housmg starts will “
increase overall energy ccnsumpnon, butata rate 'which is less than proportional. - Thus, energy
consumpnon per household (energy mtensrty) will declme for this model run: '

y quapment eﬁczenaes ’l'he efficrency of new equrpment entenng the stock pIays a central role‘
. in determining the average level of energy mtensny for the residential sector. For this sensrnvrty .

: analysis, every eqmpment efficiency represented in the model was mcreased 10 percent relative
to the AEO 95 Reference Case begmnmg in 1995. Its expected that lngher eqmpment'
efficiencies will cause both energy consumpnon and energy mtensrty to dechne Itis further
‘expected that the dechne in consumpnon and mtensrty will deviate further from the Reference
Case over nme as equtpment purchases make up larger and larger shares of total equlpment.

Webzh‘er. Weather also has a signiﬁcant effect on residential energy consumption, since the
majority of the energy use in the sector is for space heanng and coohng ‘The-Unit Energy
Consumpnon (UEC) estimates are deﬁned as energy consumpnon per household for specrﬁc :

" . equipment and end-use categones (examples include gas forced air space heating, electnc air

. conditioning,: -electric resistance space heanng and gas water heanng) The UECs are esnmated'

. from the Energy Information Admrmstratton S. Resrdennal Enegy Consumpnon Survey 1990. .
These UEC esnmates reﬂect the weather conditions of the 1990 survey year which happened to -
be abnormally warm To account for weather-related effects on energy consumpnon, the forecast

" UEC values are adjusted from their base year values based on actual weather in 1991 through

1994 and for nOrmal" weather reﬂecnve of long-term climatic conditions for all other forecast ‘
years. Dependmg on the fuel, the heatmg UEC values are adjusted upward by varymg amounts

Energy Information Admmtstranon |
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. 10 accoun_t for the extremely warm winter duzing the Survey year. For this ‘sensitivity analysis,
no v_zeather"adjusttnents were made. It is expected that energy consumption and intensity wﬂl

' fall relative to the AEO 95 Reference Case, since this scendrio er_nhodie's a t.'or‘ec‘ast'o.f' warmer-
Cwomavies

_ Output Varlables . ] o
" For each input selected; sut outputs were. chosen to test their sensitivities.to these mputs. The
.six outputs chosen are: ' ‘
> . the quantity demanded of electnclty,
. ' the quantity demanded of natral gas, . -
. ‘the quantity demanded of d1snllate oxl, "
i " the quanuty demand for all fuels i m total

e the number of- occupled households (relevant only to- increased housing starts . =

case), and
o \the space heatmg mtensu:y in million Btu per household per year.’

Tables F-1 through F-3 show the relauonsth between the mputs and outputs for the years 2000
and 2010. Table F-1 summarizes the absolute change of each’ output relative to the AE0 95 -
. Reference Case with separate panels for 2000 and 2010. Snmlarly, Table F-2 shows the percent

-.change of each output relative to the AEO 95 Reference Case. -Table F-3 provides the elasucmes
(the percent change of the output d1v1ded by the percent change of the input) of the selected
output variables with respect to the selected input vanables Followmg ‘the tables, a series-of six i
_ figures display the elastlcmes of selected output vanables as a time senes for each .of the s1x-_ '
input variable scenanos, respecuvely Finally, the summary and conclusxons section discusses

the results presented in the tables and figures.
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Table F-1.

. 5-:.:.9_.—..:. Z»..-xln..g.Gm in Quantity Year 2000

- I'meurs - - g . o OUTPUTS
’ : & - (qBtu) . .
.U_mz__ms. ‘ Z,m.:.:.m_ Electricity Total Iozw%oiw . | Heating _z.mzwzv.,
] : Gas Consumption | (Million Units) |.(Million Btu/hh) .
Distillate Price (25% Increase) 006 | 003 0 : 006 .|~ NA - 059
Natural Gas Price 5% Increase) | 001" | 026 | 001 -| 025 | NA o238
|l Btectricity Price (25% Increase) 0 C003 .| 006 ©oo0s |0 N/A 012
Housing Starts (10% Increase) -~ | - 0 002 | 003" 006 .o - | o
- Equipment Efficlency (10% Increase) | 002 | -0is 009 - 028 CN/A T L a3
| Weather Normatization Factor (Noe) | . | 00 | om N/A 731

Input/Output Matrix-Absolute Change in Quantity Year 2010
INPUTS - - o LT " OUTPUTS
: . S : s : (qBtu).

Distillate | Natural | Blectriciy |  Total . | Households | Heating Intensity
o . Consumption .| (Million Units) |. (Million Btu/hh) -

Distillaté Price (25% Increase) - 7| 009 | o006 | o 007 NJA- | 70

Natural Gas Price (25% Increase) < . | 003 | o o | owa | aa
_Electricity Price (25% increase) - 000 . | w07 | wes ] wa | em
Housing Starts (10% Increase) ©  ~ | 002 - I 009 | 020 248 0.26
Equipment Efficlency (10% Increase) 004 - 1 o7 | - wa 265
Weather z@qsm:smzo: Factor (None) 008, |. D S Y. I © 42
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Table F-2.

Input/Output Matiix—Percent Change Year 2000

|

INPUTS OUTPUTS
. Distillate | Natural | Electricity |  Total Households | Heating || -
) Gas | ‘ Consumption | © Intensity X

Distillate Price (25% Increase) 798% | 062% 0 0.59% N/A 1.03% :
‘Natural Gas Price (25% Increase) 155% | 5.03% | . -027% 2.32% N/A 4n% |
Eleciricity Price (25% Increase) 0.03 055%. | -177%. 0.35% N/A 0.20% —_
Housing Starts (10% Increase) 0.52 044% | 087% 060% | 095% -0.47%

: Bquipment Efficiency (10% Increase) | -270% | -289% | -262% 2.60% UN/A - | 240%
Weather Normalization Factor (Non¢) | -1213% -8.92% |..|§$ 6.69% ‘N/A | -1289%
-.:—E:O-..-u&.isixl?asz Change Year 2010 U
INPUTS L o OUTPUTS .

] ‘Distillate | Natural | Blectricity | . . Total | Households | Heating..
- : Gas _ " | Consumption Intensity
Distillate Price (25% Increase) 1259% | 115% - 0  059% N/A 1.38%
Natural Gas Price'(25% Increase) " 457% | 685% | -043% -2.73% N/A 5.16%
Electricity Price (25% Increase) . 0.07% 097% | -1.86% 0.24% N/A 006% °
Housing Starts (10% Increase) 243% | 1.40% | . 226% 1.80% 2.24% 0.52%
Equipment mS».E:Q (10% Increase) 5.55% 1% | 4304 - | 518% "‘N/A 5.24%
Weather Normalization Factor (None) | -1097% | 875% | . 067% - 6.20% N/A 1269%

NEMS Residential Demand Module Documentation Report
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“Table F-3.

.,

Input/Cutput in.._,.n..m_na:a:no%an-. 2000 .

|

INPUTS . OUTPUTS

o sz__m.m " Natural | Electicity Total’ Households | . Heating -

. o ] Gas | Consumption <« ]| Intensity
Distillate Price (25% Increase) 032 0.02. 0 002 N/A 004
Natural Gas Price (25% Increase) 006 | 020 | 001 009 N/A . | 036
Electricity Price (25% Increase) 0 | o002 | -0 001 SN | e ||
Housing Starts (10% Increase) 0.05 . 004 - 009 0.06 009 005 :
. Equipmient Efficlency- (10% Increase) 027 029 | 02 026 N/A 024 ||
Weather Normalization Factor (None) |. 087 064 006 | 048 | NA | 092
. Input/Output Matrix—-Elasticities Year 2010 .- .

INPUTS . W OUTPUTS

. " Distillate .| -Natural | Electricity Total | Households' | Heating

. - Gas , Consumption - Intensity
Distillate Price (25% Increase) 050 005 | -0 003 - N/A |- 006
Natural Gas Price-(25% Inrease) 018 027 | 001 -011 N/A 021
Eiectricity Price (25% Increase) o | oos | 0w 001+ N/A o0
Housing Starts (10% Increase) - | 024 .| "014 | 02 . 018 0 005
Equipment Efficiency (10% Inérease) | 055 064 | - 043 052 NA | oes2 .
Weather Normalization Factor (None) '[ 078. | 063 | 005 o044 | NA | oo __
? S e
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10. _umamz Increse in Iocm_zu Starts mm_m:<m to AEO 95
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" Residential Model Sensitivity

‘No Weather Normalization Factors
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| Sum'mary ajnd Conelusions

“Price Responsiveness . ‘

| As shown on Table F-3, the NEMS Rendent:al Module exhibits major fuel own-price elasncmes.
for 2010 i in the range of -0. 07 (electncxty) to -0.50 (dxsullate) Pigures F-l through F-3 further
demonstrate that major fuél pnce elasticities generally i increase over time, reﬂectmg mcreasmg .
shares of relatively more efficient end-use equipment. - Intuitively. speaking, electncxty demand

is expected to exhibit a smaller price elasuctty than the other major fuels. This is because the
use of electncrty is spread across many end uses whlch are less directly controllable than is space

. heating, whxch is read:ly adjusted via the thermostat settmg Since distillate and natural gas 1 use .

are dommated by space heatmg, thetr pnce elasncmes are. expected to be somewhat greater than
those for electncrty

Respansweness to Altered Houslng Starts _ .
As shown in Frgure F-4 mcreased housmg starts result in the expected declme in heatmg
intensity. Ttus is because new homes on average use less energy per unit for space heatmg than
older homes because of mcreased shell efficiency. Thus, as the forecast for housing starts is

E 'adjusted upward (downward), sectoral energy mtensrty will decline (mcrease) In th1$ scenario, ~'
a 10 percent increase in housing starts between 1995 and 2010 results in 2 0.5 percent decline
- in space heatmg mtens1ty relative to the AEO 95 Reference Case -- total energy consumpnon in

2010 is 1.8 percent higher whlle total households are 2.2 percent lngher -

Responsiveness to Altered Equipment Elficlency
In terms of total energy eonsumpnon, the model is most sensmve to eqmpment efﬁctency This

is because over the 20-year forecast honzon, a substantial amount of residential equipment will '

\ be replaeed. For example, roughly two-thxrds of all’ furnace eqmpment and all of the existing
heat pumps and air condmomng eqmpment will be replaced, along with all existing water heaters
and refrigerators. Nearly all replaeements occur at higher efﬁcxency levels so that over time the

assumed 10 percent increase in new equlpme_nt efficiencies will have greater and greater °ff¢cts -

Energy Information Administration
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.
.

on energy consumpnon levels Thxs contmuously increasing reduction in total energy
'consumptxon is clearly demonstrated in Flgure 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 Sens:tiwty

' Because of the dominance of space heatmg for natural gas and dlstxllate these fuels are. more
) responslve to weather condmons than i is electncny Space heatmg intensity is most sensitive to
weather changes and least sensmve to. electnclty pnces, ‘since electnclty represents only a sma]l

percentage of total space heating consumpnon, For the yeal_' 2010, the effects of warmer weather

would _resﬁlt in a 6.2 percent reduction in total energy cbnslirx_lpﬁon and an 12.7 percent reduction

in space heating intensity.
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