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_ Update Information

This is the third edition of the Model Documentation Report: Residential Sector
Demand Module of the National Energy Modeling System. 1t reflects changes made
to the module over the past year for the Annual Energy Outlook 1997. Since last
year, a subroutine. was, added to the model which allows technology ‘and fuel
switching when space heaters, heat pump air conditioners, water heaters, stoves, and
clothes dryers are retired in both pre-1994 and post-1993 single-family homes. Also,
a time-dependant function for computing the installed capital cost of ‘equipment in
new construction and the retail cost of replacement equipment in existing housing
was added. ;

New columns were added to the’ technology databases These columns mclude
technology choice parameters for replacement and logistic shape parameters for the
equipment cost function. A new matrix was added to the miscellaneous database to
desgribe the cost of switching from an existing technology to a new technology.
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1. Introduction

~ Purpose of this Report

This re‘port documents the objectives, analytical approach, and development 6f the
National Energy 'Modeling System {NEMS) Residential Sector Demand Module. The
reporf catalogues and describes the model as_sumptioné, computational methodology,

parameter estimation techniques, and FORTRAN source code.

This document serves three -purposes... First,.itis a refefence document th"c_it provides
a aetailed descripﬁon for energy analysts, other users, and the public. Second, this
'reporf meets the legal requirement of the Energy Information Administration (EIA) to
provide adeduate documentation in-support of its statis;cical a\hd for‘ecl:ast reports"
according to Public Law 93-275, section 57(b)}(1). Third, it facilitates contimjit_y in
model development by providing documentat;pn from which energy analysts can

undertake model enhancements, data updates, and parameter refinements.
Model Summary

The NEMS Residential Sector Demand Module is currently used “for mid-term
forecasting purposes and energy policy analysis over the forecast horizon of 1993
through 2015. The model g;anérates forecasts of erieigy‘ de'marid., whicﬁ is used
interchangeably with the concept of energy consumption in this document, for the
residential sector by service, fuei, and Census Division. The policy impacts that result
from the intr'od'uc'tion of new technologies, market incentives, and regulatory changes
can be estimated using the ﬁodule, by-the user who defines alternative input and

parameter assumptions.

. Energy Information Administration
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The Residential Sector Demand.ModuIe uses inputs from the NEMS"systern to

generate outputs needed in the NEMS lntegratlon process. The inputs required by the

. Resrdentlal Sector Demand Module from the NEMS system include energy prices and

' macroeconomic indicators. These inputs are used by the module to generate energy,
; _consumptlon by fuel type and Census Division in the reS|dent|aI sector. The NEMS

'/system uses these forecasts to compute equrllbrlum energy. prices and quantltles.
Tne Residential Sector Demand ModUle is ananalysis tool to address current and
proposed leglslatron, private sector initiatives, and technologlcal developments that
affect the resrdentlal sector Examples of policy analyses mclude assessing the

potential impacts of the followrng.

e New end-use tecnnologies' (such as natural gas heat pumps)
e New energy supply Iechnolo_gies (such as renewable energy)
* - Changes in fuel prices due to tax policies ‘ ‘

¢ Changes in equipment energy eﬁiqiency standards

¢ Financial incentives for energy efficiency investments

e Financial incentives for renewable energy investments

Archival Media .

The Residential Sector Demand Module has been archrved as part of the NEMS
'productlon runs that generate the Annual Energy Outlook 1997 (AE097) on the EIA
IBM RS-6000 workstatlon The archive tape is a- Verbatim 8mm- DL 112M data ‘

cartridge, serial number 1046G112, under the hame file1.

Model Contact o
John H. Cymbalsky o
Office of Integrated Analysis and Forecasting

Energy Demand Analysis Branch '
Phone: (202) 586°- 4815 -

‘Energy Information Administration
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. NEMS Res)'denﬁal Sector Demand Module Structure _
The residential sector encompasses residential- housing units classified as single- -
family, multifamily, and mobile homes. Energy consumed in residential buildings is the
sum of energy required to provide ‘specific energy setvices that use selected
technologies according to energy efficien_cy levels of building structures. The
Residential Sector Demand Module projects energy demand following a sequence of
five.steps. The first step is to forecast housing stock. The second step is to select
specific technologies to meet the demand for each energy service.. The third step is
to forecast appliance stocks. The fourth step is to forecast chanées in building shell
lntegrlty The fifth step is to calculate the energy consumed by the equxpment chosen

to meet the demand for energy services.

Housing Stock Component i .
The Housing Stock Component forecasts numbers of occupled households by housmg
type and Census Division. Forecasted housing starts are input _from the NEMS
Macroeconomic Activity Module (MAM). The housing stock is ass_umed to retire based
on set proportions consistent with available housing demolition data. The housing

stock retirement assumptions are presented in the, Fundamental Assumptlons section |

of this report

Technology Choice, Component

The Technology Choice Component simulates the behavior of residential consumers
based on the relative importance of life-_cycle costs, capital costs, and operating costs
’ of competing technologies within a service. 'Nevi/ and replacement equipment
decisions reflect additional féotors beyond the traditional life-cycle cost methodology, -
inclutling main space heating fuel choice and p.l"evious equipment choices. The
Technology Choice Component allocates end-use services based upon a defined
equipment menu of the various technologies and fuels that compete in the market.
The Technology Chmce Component also establishes  the cntena upon whlch

consumers base equipment choices.

. Energy Information Administration
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. ' Appliance Stock Component
: The Appliance Stock Component forecasts the number of apphances required by each

end-use service. A pleceWISe linear decay functlon retires equipment based on

. minimum and maximum life expectanmes The Appliance Stock Component tracks’

each type of equipment purchased for new households and replacement unlts

Shell lntegrlty Component ‘

The Residential Sector Demand Module monltors the changesin bu1ldmg shell integrity
for the space condltlonmg servxces The Shell Integrlty Component computes an index
that lncorporates increases ln existing bunldmg shell efflcuency based upon responses
to fuel price changes from the base year. Bulldlng shell efficiency in new and existing
housing is assumed'to imp]rove over the forecast period because of str_ic,ter building

codes and other efficiency programs.

Consumptlon and Unit Energy Consumptlon Component
| The Consumptlon and Unit Energy Consumptlon Component tracks the composmon
of residential energy use-over time as technologlcal advances in resndentlal equipment
are introduced to the market. The component mcludes price eIastnc:tles that allow-the
user Ator' specify consumer responses to changes in real fuel prices. Unit Energy
Consumption (UEC) values are adjusted according to heatinQ and cooling degree-day -

factors and household size.

A new concept called the “rebound effect’” accounts for the fact that increasing
equlpment efficiency for a partlcular equxpment class causes a correspondmg change

(normally, a decrease) in the price elasticity for the class.
Report Organization

Chapter 2 of this report discusses the purpose ,of the Residential Sector Demand
Module, with specmc details on the objectlves, primary inputs and outputs, and’

relatlonshlp of the module to other modules of the NEMS system Chapter : 3 describes

Energy Information Adninistratron “
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the rationale behind the design, fundamental assumptions regarding consumer_
behavior, module structure, and alternative modellng approaches. Chapter 4 reviews

the key computatlons and data flows.

Appendices 1.:o this report document tﬁe‘varié'bles and equations contained in the
'FORTRAN source code. Appendix A catalogu'ee the input data used to generate -
estimates and forecasts in list and cross-tabular formats. Appendix B provides support
- to the mathematical representation.of the source code equations provided in Chapt\e‘.r
4 of the main text. Appendix C is a bibliography of reference materials used in tﬁe
development process Appendlx D consists of a model abstract. Appendlx E dlscusses ‘
the data quahty issues. The mathematlcal properties of the solution algonthms will be

. presented in a separate volume to this report.

Energy Information Administration .
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2. Model Purpose S

Module Objectives -.

The NEMS Residential Sector Demarid Module holds three fundamental objectives.
‘ First. the module generates disaggregated forecasts of . energy demand in the
resrdentlal sector for the penod of 1993 through 2015 by housing and fuel type,
Census DIVISIon, and -end-use service. Second, it is a pohcy analysis tool that can
assess the impacts of changes in -energy markets, building and equrpment
"technologles, and regulatory |nmat|ves that affect the residential sector. Third, as an

integral component of the NEMS system, it provides lnputs to the Electrlclty Market

Module, Natural. Gas Supply Module, -and Petroleum Market Module of NEMS,

contributing to the calculation of the overall energy. supply and demand balance.

The Resrdentlal Sector Demand Module projects resndentlal sector energy demands in
five 'sequential steps. These steps produce |nformat|on on housmg stocks, technology
chorces,_ appliance stocks, building shell integrity, and energy consumption. The
module uses a stock-vintaging approach that alloyvs the user to monitor equipment

stock and equipment efficiency over time.

" The modu’le'design aliows the user to conduct a variety of policy analyses.
Technological advancement in equipment design and efficiency, as well as first-cost
<|ncent|ve programs, are representable at the equipment level. Housing stock attntlon
~and equrpment retirement assumptions can be modified to model the accelerated

A decay of less-efficient energy-using equrpment Building shell characterlstlcs can be
‘modified to model pohcy options mcludlng updates to burldmg codes and market

‘ penetratlon of energy-effrcrent mortgages. .

Forecasted 'residential fuel demands generated by the Residential Sector Demand

Module are used by the NEMS system inthe calc.ulation of the demand and supply

Energy Information Administration '
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equilibrium state. ln addition, the NEMS supply modules referenced prevrously use the
residential sector outputs to determme the patterns of consumptlon and the resultmg

amounts of energy delivered to the residential sector.
Module Input. and Output

Inputs ‘ ‘
The primary module inputs include fuel pﬁces, housing stock characteristics, holusing \
starts, population, and technology characteristics. The technology characteristics used '
in the module include installed capitel costs, equipment efficiency, and expected

equipment lifetimes. The major inputs by module component are as follows:

Heusing Stock Component
Housing starts
Existing housing stock for 1993 -
Housing stock attrition rates

Housing floor area trends (new and existing)

Technology _Choice Component
Equipment eapiial cost
Equipment energy efficiency
Market share of new appliances
Efficiency of retirin.g equipment

Appliance penetration factors

Appliance Stock Component
Expected equipment minimum and maximum lifetimes
Base year appliance market shares N

Equipment saturation level

Energy Information Administration
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"Building Shell Component |
" Maximum level of shell integrity
Price elasticity of shell integrity
‘Rate of improvement in new and existing housing shell integrity

Energy,Consumpti.en Compone'nt
Unit energy consumption (UEC)
Heating and cooling degree, days
Expected fuel savings based upon the 1992 Energy Pollcy Act (EPACT)

Population '

Outputs | | |
Forecasted residential sector energy consumption by fuel type, service, arid Census
DIVlSlon is the prlmary module output. The module also forecasts housmg stock, and
energy consumptlon per - .household. In addltlon, the module can produce a -
dlsaggregated forecast of appllance stock and eff:c:ency The types of appllances

lncluded in thls forecast are:

Heet pumps (electric air-source, naturellgas, and g‘roend-source)
- Furnaces (electric, natural gas, LE’G, and dietillate)
Hydronic heating systems (natural gas, distillate, and kerosene)
Wood stoves
* Central air conditioners
Room air conditioners .
Water heaters (electnc, natural gas, dlstlllate, LPG, and solar)
Ranges/Ovens (electnc, natural gas, and LPG) o
Clothes dryers (electric and natural gas)
.Refrigerators ‘ ’

Freezers"

k A Energy Information Administration’
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Variable Classification .
The NEMS.modules are required to provide and use system data at the nine Census
Division level of detail. The input daté availaBle from the \.Résidential Energy
éonsumption Survey (RECS) performea by EIA (which forms the basis for the
Residential Sector Demand Module) and other sources are designed to be statistically .
significant at various levels, some of whiéh are above the nine Census Division level. .
~Another factor that drives the level of aggregation of the module variables is the .
technical constraints of the ‘computing system required in order.to run the NEMS '
model within a reasonable turnaround time. The key variables in fhe NEMS Residential

Sector Demand Module are dimensioned as follows:

Census Divisions - End-Use Services Fuels
1 New England 1 Space Heating .-+ 1 Distillate
2 Middle Atlantic 2 Space Cooling - .2 LPG—
3 East North Central 3 Water Heating '3 Natural Gas
‘4 West North Central 4 Cooking ' 4 Elecfricity
. 5 South Atlantic " 5 Clothes Drying 5 Kerosene |
6 East South Central .6 Refrigeration . 6 Wood
7 West South Central - 7 Freezing ‘ 7 Geothermal )
8 Mountain 8 Lighting 8 Coal ’
9 Pacific 9 . Other Appliances £ 9 Solar Thermal
" 10 Secondary Space Heating |
Housing Types '

1 Single-Family
2 Multifamily
3 Mobile Home

. Relationship td Other Models

The Residential Sector Demand Module uses data from the Macroeconomic Activity
Module (MAM) of the NEMS system. MAM provides forecasted population and

Energy Information Administration < .
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%

- housing starts by Census DIVISlon and housmg type ‘The Residential Sector Demand
Module uses fuel price forecasts generated by the NEMS supply modules previously
listed as key drivers to. calculate operating costs for technology selections, bu1ld|ng
shell mtegrlty improvements, and short-term behaworal responses. The NEMS supply
modules use the res:dentlal sector outputs to determine the fuel mix and the resultlng
: amount of energy dehvered to the resudent:al sector

Energy Information Adrnm:stranon
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3. Model Rationale

'

Theoretiéal Approach

The NEMS Residential Sector Demand Module is an iri_tegrated dynamic modeling
.system that generates forecasts of residential sector energy demand, appliance
stocks, and market shares. The rhoaeling approach is based on accounting principles

and addresses residential consumer behavior issues. -

The Residential Sector Demand Module is a housing and equipment stock model. The

stock of households and the corresponding energy consuming equipment are tracked

for each year of the forecast.. The hbusing stock changes each forecast year as .

‘houses are retired from the stock and new constrﬁétion .i's added. The equipment
stock changes each forecast year as appliances fail and are.repiaced, and new .
technologies enter the market. A log-linear function ié used to estimate the market
shares of competing technologies within each service category..Market shares are
determined for new construction equipment decisions as well as for replacement
decisions. The Technology Choice Component of the module  weights the relativé :
installed capital and operating costs of each equipment tybe to allocate tI:xe relative
market share of the technology within the service, region, and housing type. This_
approach is implemented in r)ew'housinglfor the services of space heating, space
cooling, water heating, cooking, clo'thes drying, food refrigeration, and food fréezing._
It is also impl_erﬁented for replacement equipme’nt.in single family housing for space
.heating, heat pump air conditioning, water héating, cookihg, and clothes drying.
Lighting and miéce!laneous equipment choices are modeled Bésed upc;n alternative

technology assumptions discussed below.

Base year information developed from the 1993 RECS data base forms the foundation
of modeling changes to the equipmen’; and housing stock over the forecast period.

Market share information from RECS is used to estimate the number and type of

Energy Information Administration . S
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" replacements and additions to the equipment stock. The choice between the capital
cost and the first year s operatmg cost determines the market share within a glven
service. Market shares are also modeled as functions of the corresponding fuel prlces,

expected ,level of equipment usage, and equipment efficiency characteristics.

Building shell integrity is also: cbnsidered in the foreoast of end-use consumption.
" Building shell integrity in existing homes is sensitive to real price increases. over base
year ‘price levels for space conditioning fuels. Final residential sector energy
consumption is determined as a function of the equipment and housing stock, average
unit energy consumption, weighted equrpment characteristics, and burldlng shell

mtegnty |mprovements
Fundamental Assumptions '

The Residential Sector Demand Module “assumes that the residential energy

marketplace has the fol,lo'_wing characteristics:.

® Equipment llfetlme is limited by a mlnlmum and maxrmum number of years. All

equipment is assumed to survive a. mlnlmum number of years, and no equipment

is assumed to ‘survive beyond the maximum number of years The equipment
retrrement rate is defrned by a linear decay functlon

® The e'qpipment contained in a retiri‘ng housing structure is assumed to retire when

" the structure is removed from the housing stock. Zero s‘alvage‘value for equipment

is assumed. -

o Space heaters, heat pump air condltloners, water heaters, stoves, and clothes
dryers may be replaced (up to an lnput percentage) with competing technologles
"in single-family homes. SW|tch|ng is based on a technology choice- component

retail cost of new equipment, switching cost, and llfecycle cost.

Energy Information Adrninistrauon
12 - _ NEMS Residential Demand Module ‘Documentation Report




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

forecast period at a specific rate defined by housing type.

Life-cycle costs used in the technology cost calculations are computed over a 7-

year time horizon and a discount rate of 20%.

Two housing vintages are assumed: pre-1994 '(old housing) and post-1993 (new .

housing).

The fype of fuel used for cooking and water heating in new housing units is

assumed to be a fdﬁction of the main space heating fuel in most cases. Exceptions

to this assumption are included for specific cooking fuel decisions. It is assumed .
'that 63% of ne\;v housing.unité are equipped with natural gas cooking units, while

natural gas is the main space heating fuel.

The type of fuel used for'coqking and water heating wh_en replacing r_etirfng
equipment in single-family homes is based on an input Vbercentage of those who
may switch and a technology choice switching algorithm. Replacements'are/ with

‘the same technology in multifamily and mobile. homes.

Housing units are removed from the housing stock at a constant rate over time.
The survival rates for housing stock types are assumed to be 99.7% for single-

family homes, 99.6% for multifamily homes, and 96.6% for mobile homes.

Projected new home heating fue! shares are based on the Cénsus Bureau’s new .

construction data and vary over time due to changes in life-cycle cost for each of

\

the 11 heating system types.

- Energy Information Administration
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' Further Assumptipns :

Technology Choice i ,

The efficiency choices made for ‘residential equi.pment are,based on a log-linear
‘function. The functional form is flexible, to'allpw the user to specify parameters as.
erther life-cycle cos‘rs, or as weighted of bias, _capital and discounted ope‘ratihg costs.
Currently, the module calculates  choices based on the latter approach. A time
dependant function -calculates the‘ installed capital cost of equipment in new

construction based on logistic shape parameters,

Climate Ad‘ Jjustment _ . ]
Space condmonmg usage is adjusted across Census DlVlSlons by heatlng and coollng
degree day factors to account for potential devratlon‘s from ‘normal’’ temperatures

during the RECS 1993 survey performance period.

Techholagy Switching ) _
Space heaters, heat p(:mp air conditioners: water heaters, stoves, and elothes dryers
“may be replaced with cdmpeting technologies in single-’famiiy homes. The amount of
equipment which may,sWitch is based on a model input. The’ technology choice is
based ona lbg.-linear function'.“‘l'he fur_rctional form is flexible to"allow the user to
specify parameters, such as weighted bias, retail equipment cost, and technology
switchir\g edst. Repiaeements are with the same technology in multifamily and mpbile,
homes. A time dependant functlon calculates the retail cost of replacement equipment -

based on logistic shape parameters

) Space Cooling: Room and Central Air and}ﬁoning Units
Room and central air conditioninp units are disaggregated based on existing housirig
data. The market penetration of room and central air systems by Census Division and
housing type, along with new housing construction rjata, are ‘used to determine 'rhe |
number of new units of each type. The penetration rate for central alr-condltlomng is "

estlmated by means of time serles analysis of RECS survey data.

, Energy Information Administration ,
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Water Heating: Solar Water Heaters

- ‘Market shares for solar water heaters are tabulated from the 1993 RECS data base.
The module currently 'assumes that solar energy provides 55% of the energy needed
to satisfy hot water demand, and the rema'iningl45%,is satisfied‘ by an electric back-

up unit.

771rough-the—DaorRefngeraﬂon Units

A recent innovation in reS|dent|al food refngerators has been the advancement of
through-the-door access panels for ice and water. This added convenience results in
a greater energy use than conventional refrigerator models. The Residential Sector
Demand Module assurnes that 27% of all post-1993 refrigerators inccrporate the
through-the-door access. feature, based upon recent appliance shipment data.’ )
Clothes Dryer Saturation

The module currently assumes that clothes dryer market penetratlon occurs over the
forecast period, with a termmal saturatlon level that IS consnstent with the market
penetratlon of clothes washers. This assumption is based upon analysus of the RECS

data base .

lighting

Three types of lighting technology characterizations based on efficiency are included
" in the module. Market shares are assumed for each type of Ilghtlng for 1993 (the base
year), 2000, and 201 5.

OﬂlerAppiiances
The consumption of other appliances by Census Division is calculated by multiplying
the sum of new. and existing housing units by Unifc Energy Consumption (UEC),

housing type, and Census Division.

! Association of Home Appliances Manufacturers, “Reﬁ-zgerators Energy Efficiency and Consumptwn
Trends,”’ Clucago, IZ, December, 1994

Energy Information Administration
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Secondarylleaﬂng
The consumption of secondary heatmg fuels is determmed by the share of total

housing that uses a secondary heating fuel multiplied by the UEC adjusted for the shell
integrity. S, ‘ " ' '

Alternative Approaches

. Residential models reviewed during the model development process are discussed in

thls sectlon.? The dlscussmn is presented in the order of the components of the
NEMS Resrdentlal Sector Demand Module

Housing Stock

The Residential End-use Energy Planning System (REEPS) model3 developed by the
Electnc Power Research Institute (EPRI) and DRI/McGraw-Hill’s (DRI) Macroeconomic
model"' also forecast domestic housnng stock The Bureau of the Census also predlcts
household formation based on a complex regression with numerous demographlc

variables.

. - Appliance Stock

Itis-necessary to track the apphance stocks in order to evaluate specific policies likely
to affect reS|dent|al sector energy use. For thls reason, models developed recently
have focused on keeping track of the capital stock of major household appliances such

as heating and coollng equrpment refrlgerators, and clothes dryers.

2 For a more complete description of these residential sector modelzng systems see the ““Residential Sector
Component Deszgn Report,”” Energy Information Administration, January 19, 1993. '

3 Electric Power Research Instztute, “Residential End-Use Energy. Plannmg System (REEPS) Draft
Model Documentation,’” Palo Alto, CA, 1990.

4 DRI/McGraw-Hle (DRI), “Quarterly Model of the U.S. Economy Version US89A Equation Listing,”’
DRI/Mchw-Hzll, Lexmgton, MA, 1990

s REEPS vem‘on 2.0, for example,_ was officially released in 1991.

o Energy Information Administration
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-

REEPS tracks the capital stock of e'nergy-using technologies using'a method similar
to the method proposed here. The GRI energy model® also tracks the capital stock of

major residential appliances in order to forecast residential energy consumption.

Technology Chmce

The Technology Cho:ce component of the NEMS Residential Sector' Demand Module.
requnres, extensuve -data that descnbe end-use technologles. Equipment costs,
efficiency levels, and other characteristics must be specified for all technologies
modeled. These data are availabie ‘from Department of Energy sources’, Lawrence
Berkeley Laboratory (LBL)® studies, engineering analyses performéd by Arthur D. Little
(ADLP, Gas-Research Institute (GRI)'® research, Electric Power Reséarch Institute
(EPRI)'!, Gas Appliance Manufacturing Assoc‘iatibn"(GAMA)12 As‘sociation of Home
Appliance Manufacturers (AHAM), the Air Conditioning and Refngeratlon Institute

(ARI)*3, and numerous trade publications.

¢ Gas Research Institute, ““1991 Edition for the GRI Baseline Projection Methodology and Assunwtwns
Topzcal Report,”’ Lexmgton, MA, December, 1990. .

7U.8. Department of Energy, Technical Su ort Document: Energy Conservation Standards for
Consumer Products: _Dishwashers, Clothes Washers, and Clothes Dryers, DOE/CE-0267, Washington,
D.C., July 1989. Also U.S. Department of Energy, Technical Support Document: Energy Conservation

tandards for Consumer Products: Retngerators and Furnaces, DOE/CE-0277, Washmgton D.C,,
November, 1989.

& Koomey, J.G., et al., “The Potential for Electricity Efficiency In_zprovements in the U.S. Residential
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 for the Residential Sector
and Development of a Reszdentzal Forecasting Database,” Berkeley, CA, May, 1994.

4 Aﬂhur D. Little, ““Technical Memorandum for Technology Advances and Foreca.sjts—
Residential/Commercial End-Use Equipment,’’> Cambridge, MA, 1990.

! Gas Research Institute, ““Baseline Projection Data Book,” Washington; DC, 1990.
1. Electric Power Research Institute, “Draft Model bocumentation far REEPS, ”’ 1990.

22 Gas Appliance Manufacturers Association, “Consumers Directory for Cemﬁed Efficiency Ratings,”’
Arlington, VA, 1994. | .

B Air Condttwmng and Refrigeration Instztute, ““Directory of Certified Cooling Equzpment ** Arlington,
VA, 1994. ) -

Energy Information Administration .
NEMS Residentia!l Demand Module Documentation Report 17




————— T T T ot ot e amas e SIS
. . I A A i Ay O Y

REiEPS‘simula_tes consumer'cholce based on the consumer’s evaluation of certain'
~ equipment attributes (such as capital cost and energy efﬁciency), with the choice of'
K partlcular unit expressed as a probablhty of the consumer choosmg that unit. This
probability is based on emipirical estlmatlon that reflects observed trends in the home

. appliance market descrlbed in home appllance trade publications. -

‘Shelllntegnty ,

The EPRI LBL, and GRI models account for energy conservation through shell retrofit.
EPRI’'s REEPS and LBL’s REM models both use a sophlstrcated approach to account
for shell retrofits. The REEPS model groups different retrofits into several levels, wrth
each level assigned a dn‘ferent cost and energy savings. Over trme, housmg structures
‘choose better combinations o_f shell attn_butes, which causes a_savmgs in. energy
consu_mption.- The decision process is simulated by a log-linear function that weighs
parameters such as first cost, energy savings, and discount rate. The LBL model.uses
conservation 'supply curves to describe the trade-off between investment in difterent
shell measures and the energy savings assocnated with them. The choice to retrofit
depends on the cost of conserved energy. If the retroflt option saves more money
than it costs, the option is selected. The GRI model assumes an exogenous rate of
annual improvement. ~

Reasons for Selecting the NEMS Residenﬁal Sector Demand Module Approach
Execution time and memory requirements established in the design stage of the NEMS
model development effort contrlbute to the ultimate design of the Residential Sector
Demand Module The component approaches for modeling housing stock, appllance |
stock, technology choice, and shell integrity are designed in a modular fashion to
facnhtate enhancements to each component design. The module desrgn draws upon
aspects of the REEPS, DRI, and GR!.models discussed above, in an attempt to
‘ enhance previous modeling methodologies while -retalnmg as much s:mplucrty as ]
' possrble in the modelmg approach. The current module desrgn is flexible enough to

lend ltself to further enhancement in all components.

' : Energy Information Administration
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Table 1 compares the previous EIA }esidential sector demand model with the NEMS
approach. The Residential Energy End-Use Demand Model (REEM), deve]op}ed in 1989,

consisted of four modules—housing stock, service demand, service capacity, and new

technology choice. REEM was used to produce Iong;term' projections of reside‘niiaL

energy consumption. Limitations of REEM as.compared to the NEMS Residential -

" Demand Module include:

1) lnablllty to track apphances through time, - ' _

2) Projections were generated for only four Census reglons (Northeast South,
Midwest, and West),

3) Only six fuel types and six services were considered, _

4) Did not lncorporate consumer choice parameters in the technology choice module,

5) Technology choice methodology was limited to a life-cycle cost approach,

Table 1. Comparlson of Prevnous EIA Model (REEM) With NEMS Residential Sector

Demand Module

Conceptual Task

" ‘REEM Methodology

NEMS Methodology .

Forecast housing stock
additions .

Compute and forecast
appliance stock and
appliance penetration for
new and exlstmg housing

Choose equipment to meet
appliance stock demand

Calculate energy
consumption

Increase additions (for
each housing type) by
proportion of national ..
housing starts. Regional
shares of each housing
type are constant over .
time
No stock method
employed; use service’
“demand and capacity as
proxies

Use logit function based on -

minimum life-cycle cost;
assume initial equipment
shares, fixed discount rate,
and inertia factor (lagged

. penetration)

Weight share of equipmeht
chosen by average
efficiency for each fuel and

apply to service demand -

Forecast by housing type and

region, based on demographic .

variables exogenous to the
Residential Module. Housing

~ starts by type and region

provided by the NEMS
Macroeconomic Module

Count appliance stock in base

year; vintage and add
equipment over time; forecast
penetration based on
assumptions

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

Weight share of equxpment
chosen by average efficiency
for'each technology and apply
to appliance (unit}) demand

Energy lnformatic;n Administration
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6) Did -'not produce é“nergy‘ consumption forecasts for each service by fuel type,
7) Did not explicitly include dispersed renewable technologies, and

8) Did not account for weather effects.

. ) ; -Energy Information Adninisﬁ'aﬁon
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4_. Mod_el Structure .

. Structural Overview -

The NEMS R'esidentia'l Sector Demand Moddle characterizesenergy cpnsumption‘usi'ng :
an algorithm that accounts for the stocks of housing and appliances, equipment
market shares, and energy intensity. The module assesses the shifts of market shares -
between competing technologies based on assumptions about the behavior of

residential consumers.

The NEMS Residentiél Sector Demand Module is a sequential structured system of
algorithms, with succeeding computations using the resulfs from previously—execdted-
componénté as inputs. The module is composed.of five logical components: housing
stock forecast, technology choice, appliance stock forecast, building shell integrity, -

i

and energy consumption. \

Housing Stock Forecast _ ‘

The location and type of housing stock are the primary model drivers. The first
component uses data from the NEMS Macroecoho‘mic Activity Module to project new
and existing housing for three dwelling "c'ypes at the nine Census Division level. The

three housing types are as follows:

¢ Single-Family Homes
¢ Multifamily Homes : L

* Mobile Homes -

Technology (Equipment) Choice
The Technology Choice Component simulates the behavior of ‘consumers by

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

Energy Information Administration
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\.

- equiprﬁent decisions are r'noc_ieled for each technology type. For new construction,

home heating fugl‘is determined by relative life-cycle costs of all competing heating

systems.

\

l

Table 2. Services and- Equnpment in the NEMS Res:dentlal Sector Demand Module

Space Heating Equipment

Electric Furnace S
Electric Air-Source Heat Pump
Natural Gas Furnace

Natural Gas Other (Hydronic)
Kerosene Furnace

LPG Furnace '

Distillate Furnace

Distillate Other (Hydronlc)

Wood Stove..

Electric Ground- Source Heat Pump
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
- Distillate
- LPG
Solar Thermal

Cookstoves
Natural Gas
LPG '
Electric

Clothes Dryers
Natural Gas
Electric

. Refrigerators

18 cubic-foot Top Mounted Freezer -

24 cubic-foot Side-by-Side with.

~_ Through-the-Door Features

Freezers _
Chest Manual Defrost

* Upright Manual Deffost

Relative weights are determined for.each eqdipm’ent type based on the existing market

share, the installed capital cost, and the operating cost. These relative weights are

then used to computé the market shares and composite average efficiencies for each

| . service. The technologies are distingﬁished by the service demand that they satisfy,

by the fuel that they consume, and by their efficiency.

-

. . Energy Information Administration
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' Appliance Stock Forecast o _
The Appliahce Stock Componént forecasts the numbgr of end-use appliances within .
all occupiecll‘ households. This component tracks equipment additions and

"repla_cements.' Equipment is required to meet the follqwing services:

‘e Space Heating * Space Cooling
® Water Heating * Cooking
¢ Clothes Drying . ® Food Refrigerating

o Food_FreezinQ. '

Building Shell Integﬁ .

Building shell integrity is modeled for existing and new hoﬁsing. The existing housing
stock responds to rising prices of space conditioning fuels by improving shell integrity.
Shell integrify' improvements might range from relatively inexpensive measures (such
as caulking and weatherstripping) to projects with substantial costs (such és window

replacement).

New housing stock also incorporates shell integrity improvements. The shell integrity
of new and existing housing is assumed to improve throughout the forecast horizon,

as building codes and other efficiency programs becpr_‘ne more\widespread.

Energy Consumption . .

The Energy Consumption ,Co'mponent calculates end-use consumbtion for each service.
and fuei type. The consumption forecasts are constructed as the product of the
number of units in the equipment stock and the average technology UEC. The average

. UEC changes over time as the composition of the equipment stock changes over time. '

In each year of the forecast, the following stepé are performed to develop the energy

consumption forecast:

Energy Information Administration ' )
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1. A forecast of housing stock is generated based on the retirement of eicisting

housing stock and the addrtron of new construction as determined in the MAM.

Flgure 1. NEMS
‘Residential Sector
2. Pre-1 994 vmtage equipment stock is estrmated accountmg Demand Module
for housing demolitions and additions. Basic Structure
' FORECAST .
3 Market shares are determmed for equnpment types by - HOUSING
service. ' ‘ " STOCK
4. The previous year's equipment additions and replacements 1
for both pre-1994 and post-1993 vintage are determined -
" based on the current year rharket share. ‘ CHOOSE
‘ - TECHNOLOGY
5. Efficiencies weighted by market share are calculated. l
6. Fuel consumption is calculated using UEC and the weighfed ) o
efficiencies (shell integrites and household size, if FORECAST
: ] : : : APPLIANCE:
_applicable). - STOCK
Flow Diagrams l '
This section includes flow diagrams that represent the structure CHOOSE
. : Co BUILDING
- of the NEMS Residential Sector Demand Module. Figure 1 SHELL
presents the overall sequential structure. Figure 2 illustrates the ]
Heusing Stock  Component flow. The Techrrology ‘Choice l
Component flow is represented in Figure 3. Figure 4 provides’
the flow of the Appliance Stoek Additions and Replacements COMPUTE
‘Component, the calculation of building shell efficiencies is | CONSUMPTION
found in Figure 5, and the Cor‘neumption and UEC Component

flow is provided in Figure 6

-
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The overall sequential structure as illustrated in Figure 1 details the five primary steps
that calculate the final residential sector energy consumption. These ﬁye steps are

i

discussed in the first chapter of this report. . B

Figure 2 |I|ustrates the Housing Stock Component of the module. This component
draws upon exnstlng housing charactenstlcs from the RECS data base and new
housing characteristics from the MAM forecast. The Housing Stock calculates housing
' stock additions, survival, and retirements in on;der to produce the total housing‘stock -
by vintage, type, and Census Division. '

| ' Figure 3 .illuetrafee the A'ppliance Stock Component of the module. 'i'he base .year
, existing stock of major household appliances is derived from analysis of the RECS
1993 data. Appliance retirements are determined based upon the minimum and
maximum equipment lifetime assumptions'discussed’ in the Fundamental Assumptions
section of this report. Additions to the appliance stock are calculated in this

component, as is the surviving stock of equipment.

'Figure 4 illustrates the Technology Choice Component of the module. The existing,
replacement, and new abpliance stock characteristics are‘used by this component to‘
determme the stock requ1rements Technology characterization mformatlon input to
this component determines the set of equxpment from which the required choloes are
made. The consumer chonce functlons by decnsnon type determlne the type, number,
-and equipment eff:cuency by end-use service.

Figure 5 illustrates the Building Shell Integrity Component, which calculates indices
that reflect increasing building shell efficiencies over time, in response to increasing

energy prices, EPACT window'labeling standards, and technology improvement.

Figure 6 illustrates the Consumption and UEC. Component of the module. This
component uses the base year UEC information developed from'the RECS data, the
. technology selection inforr_nation'developed previously, building shell integrity,

Energy Information Administration .
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- household size,- and he,afing- and cooling-degrée day effects to determine end-use

3

consumption.

.

A

. ‘ . Energy Information Administration
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Miscellansous

Inputs
File
5 | sing 3 | wobie
N » | Single- obile
g‘ "g' and § Home .
= I: Mult!- o Production
] o | Family o
= | Housing =
. Starts -
_Retrieve Retriave
NEMS ’ NEMS
Data ’ - Data
Base Year _ | Houses
_| Existing ' | Added
; | Housing : S
<
w
w
Housing T
Decline
Rate
Calculate - Calculate
Remaining Pre-1994 HDR, . HDR; Total Post-1993
Houses: l/ Houses _
‘Remaining Houses
5| Existing 5 [ Added
:r. Housing § Since 1993

Figure 2. Housing Stock Component Flow.
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Adjusted
Heating - ,
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HDDADJ,, Degree-Days HDDFACT,_Y i EQCUEC,m
‘ . Adjustment .
Operating .
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-Eqvl;ipmhent Cost! Capial Costior
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- 2 | Equipment Weight for New and ~
E Replacement Equipment Types HTFCRIAS,
N & g , Equipment b
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for Now Met Share Weight Parameters
Houses
: RTFCBETA,,

Normalization

Weight for Heating
_Equipment Classes

HEATSYS, ,,
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Normalization
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3 | Efficiency for New

u.g w and Replacement -

] i  Equipment Classes

g1 |8
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Figure 3. Technology Choice Component Flow.
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| Equipment

Figure 4. Appliance Stock Component Flow.
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. 2 o Heating | - .| Cooling
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 Figure 5. Building Shell Integrity Componerit Flow.
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FORTRAN Subroutine Descriptions
The,'NEMS_ Residential Sector D.emanc'i- Module -'F'ORTRA_N source code consists of
more than 50 subroutines sequentially called-during the execution of -the module.
Table 3.lists the major subroutmes and their correspondmg descnptlons The,

subroutlnes can be grouped lnto the followmg categorles accordmg to their functions:

Fuel Pnce Subrautme

" The'code includes the followmg subroutlne that reads fuel pnces
RDPR reads in fuel prices from the NEMS system.

Initialization Subroutines
The code iheludes» the ~folllowi'ng subroutine for initialization purposes:
INTEQT initializes heating equipment market shares and'-applies-t’he decay rate to

the existing equipment.

Hausmg Subrautmes
The code includes the followmg subroutine to assess housing stocks:

]

NEWHS'E Reads housmg starts from NEMS Macroeconomlc Actwuty Module

and computes new housmg stock

Existing Equ:pment RDHTREC Subroutine ‘
This subroutine pro;ects pre-1994 (exustmg) vmtage equ:pment by service. In thls

subroutine, the following operatiohs are performed:

1'. The equipmenj: market share is read from an exogenous data file by equipment

type, housing type, and Census Division.

] Energy Information Admlmstratxon
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Table 3. Primary NEMS Residential Sector Demand /quule Subroutines

SUBROUTINE -
NAME DESCRIPTION OF THE SUBROUTINE .
RTEKREAD READS TECHNOLOGICAL CHARACTERIZATIONS FOR ALL EQUIPMENT
RDSQFT READS ANNUAL AVERAGE HOUSING FLOOR AREAS
RMISCREAD - READS MISCELLANEOUS DATA FOR THE MODULE
RDPR . READS PRICES
INTEQT INITIALIZE HEATING EQUIPMENT MARKET SHARE'
RDHTREQC PROJECT 1993 VINTAGE FOR ALL SERVICES
RDUECS INITIALIZE EQUIPMENT UECS {SERVICE AGGREGATES)
RCONSFL RATIONALIZE FUEL NUMBERING AMONG EQUIPMENT TYPES
EXCONS CALCULATE 1993 CONSUMPTION
SDCONS CALIBRATE TO SEDS 1993 CONSUMPTION
NEWHSE CALCULATE NEW HOUSING.
EPACTWD CALCULATE THE IMPACT OF EPACT WINDOW: LABELING
SQFTCALC CALCULATE AVERAGE FLOOR AREA OF HOUSING
RDEFF 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
TECHNOLOGIES FOR SINGLE-FAMILY HOMES UP TO AN INPUT LIMIT
RWHTEC CHOOSE WATER HEATING EQUIPMENT
REUADD CALCULATE NEW. AND REPLACEMENT WATER HEATERS AND STOVES
. RWHCON CALCULATE CONSUMPTION FOR HOT WATER HEATING
+ RSTVTEC CHOOSE COOKING EQUIPMENT
RSTVCON CALCULATE CONSUMPTION .FOR COOKING
RDRYTEC CHOOSE DRYER EQUIPMENT ’
RDRYADD CALCULATE NEW AND REPLACEMENT DRYERS
RDRYCON CALCULATE CONSUMPTION FOR DRYERS
RHTRTEC CHOOSE HEATING EQUIPMENT AND COMPUTE AVERAGE EFFICIENCIES
RHTRADD CALCULATE NEW AND REPLACEMENT HEATING EQUIPMENT
RHTRCON CALCULATE HEATING CONSUMPTION -
RCLTEC CHOOSE AIR-CONDITIONING EQUIPMENT AND COMPUTE AVERAGE EFFICIENCIES
RCLAD - CALCULATE NEW AND REPLACEMENT COOLING EQUIPMENT
RCLCON CALCULATE COOLING CONSUMPTION
RREFTEC. CHOOSE REFRIGERATION EQUIPMENT
RREFADD CALCULATE NEW AND REPLACEMENT REFRIGERATORS
RREFCON CALCULATE ENERGY CONSUMPTION FOR REFRIGERATORS
RFRZTEC CHOOSE FREEZER EQUIPMENT
RFRZADD CALCULATE NEW AND REPLACEMENT FREEZER EQUIPMENT
RFRZCON CALCULATE CONSUMPTION BY FREEZERS
.LTCNS CALCULATE LIGHTING CONSUMPTION
APCNS CALCULATE CONSUMPTION FOR ELECTRIC APPLIANCES
SHTCNS CALCULATE CONSUMPTION FOR SECONDARY HEATING -
APPCNS - CALCULATE APPLIANCE CONSUMPTION
FUELCN CALCULATE FUEL CONSUMPTION
RSBENCH CALIBRATE CONSUMPTION TO BENCHMARK VALUES
NEMSCN CALCULATE AND REPORT NEMS OUTPUT VARIABLES
RESDRP PREPARE DATA FOR REPORTING
RESDRP2 REPORT MODULE RESULTS
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2. The base year equipment stock or the pre-1 994 vmtage stock is the product of the

. share and the amount of exlstmg housing.

3. Surviving equxpment of the pre-1994 vmtage is forecasted usmg the equnpment

survival rate and the housing decay rate for every year in the forecast

These subroutines are as follows: .
RDHTEQC ' | RDST\_IEQC o . _RDFRZEQC -

RDCLEQC RDDRYEQC
RDWHEQC " RDREFEQC

Other Input Subroutmes ' ,

These subroutines read other mformatlon from files:
'"RDEFF ~ reads effncnencnes of retlrlng equipment
RDRET - reads equnpment retirement rates

RTEKREAD - reads the detailed technology data .

RMVIISCREAD .reads miscellaneoqs variables

RDSQFT - = reads home tloor areas
RDUECS reads unit energy consumption data
Calculatmn Subroutmes (2)

-The model includes a subroutine ldentlfled as EPACTWD to estlmate the EPACT
- window labeling impact, and another, SQFTCALC, to calculate average home floor

areas.

Technology Chalce TEC Subroutmes (7)
The code lncludes seven technology chmce subroutlnes that follow these general

steps
1. Initialize capital costs and equipment efficiencies.
2. Set discount rate, adjuStment factors and present value horizon.

- Energy Information Administration
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i

Compute operatihg costs of each equipment type.
Compute life cycle costs of each equipment type.

Combute technology share for new housing."

I

Calculate new and replacement equipment weights based on the bias, capital cost, .

and 'ope’rating costs using a log-linear function. ‘ .

7. Compute new market shares, ratio: between- eqﬁipment weights and total
_equipment weight. | ' |

8. Efficienciés for equipment types are calculated fof new and repla-cement equipment

'weighted by their respective market shares.

These subroutines are as follows:

RHTRTEC RSTVTEC ~ RFRZTEC . )
RCLTEC o RDRYTEC '

RWHTEC ' RREFTEC |

In addition to the TEC subroutines, the LTCNS subroutine assigns market shares to

the different lighting technologies.

Replacements and Additions - ADD Subroutines (6)

The code contains six equipment replace:ment and additions subroutines. (Water
heaters and stoves use the same ‘“ADD’’ subroutine.) “TEC’’ subroutines for each
service are followed by ‘“ADD’’ subroutines tﬁat calculate new and replacement
'equipment for the previous year based on the current year’'s. market share. The

* following steps are implemented in these subroutines:

1. The post-1993 vintage equipment additions are determined 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 vintage houses. '
3. Compute total equipment required for pre-1994 vintage houses. ‘
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4. Compute the equipment replacements ln pre-1994 -vintage houses hy subtracting
+the sum of surviving pre-1 994 vintage equipment and survnvmg pcst—1 993 vintage
equipment in pre-1 994 vintage houses from the total equupment demanded for pre-
1994 vintage houses ‘Technology swntchlng is allowed at replacement for space
heaters, heat pump air condltloners, water heaters, stoves, and clothes dryers in’

smgle-famlly homes.

'5. Compute the survnvmg post—1 993 vmtage equ:pment that was purchased as either

additions or replacements for post-1 993 houses.

6. - Calculate the current year"s replacements of post-1 993 vintage equipment in post-
1993 houses as .by subtracting the sul'viving replacements and equipment
additions in post-1993 houses from the stock of surviving post-1 993 houses.
Technology switching is allowed'at replacement for space heaters, heat pump air
_conditioners, water heaters, stoves, and clothes dryers in smgle-famlly homes.
These subroutines are as follows: ‘
RHTADD . " REUADD - - RREFADD
RCLADD ' RDRYADD ' * " RFRZADD °

End-use Consumptmn CON/CNS Subrauﬂnes (11)

The code contains 11 end-use consumption subroutlnes defmed by service. The ADD’
subroutines are followed by consumption subroutines. Within each of these
suhroutines the new,‘_replacement and average unit energy cohsurhption. values are
calculated. These UECs are then multiolied by the equipment stock (and climate
adjustment factor and shell integrity for space condltlonlng) to yield final fuel -
consumption. These subroutmes, which follow, also mclude a price sensitivity '

expressnon that adjusts short-term demand for fuels:

RHTRCON : RDRYCON ' ‘ APCNS -
RCLCON : .. RREFCON ' _ SHTCNS
RWHCON : - RFRZCON ." : APPCNS

RSTVCON ~ . . LTCNS

. . . Energy Information ’Adlrinistration
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Overall Consumptian; CN Subroutines (2) |
The model includes the following two subroutines “that calculate‘o‘verall fuel

consumption and list output NEMS consumption:

FUELCN calculates fuel cons'umpti'on
NEMSCN  Output NEMS consumption

Historical Consumption/Calibration Subroutines (3)
The code includes the following three subroutines to determine historical energy

consdmption and to calibrate to the historical SEDS values:

EXCONS cal'culate 1993 consumption .
SDCONS  calibrate UEC’s to SEDS 1993 consumption -
RSBENCH calibrate consumption to 1991-1 994 SEDS consumption

Report Subroutines (2)

The following subroutines produce the output fepo'rts:
RESDRP |
RESDRP2

Key.Computations and Equations

. This section presents the detailed calculations used in each of the module-

components, couched in terms of the space heating end use, because it provides the

best 'examples for generalization. Calculations for other end uses follow the s\bace‘

heating pattern, with different variable names. For -more detail refer to Appendix B, ‘

where calculations are provided at the subroutine level. Table 4 shows the
correspondence between the subscripts in the documentation and the 'subscripts in
-the FORTRAN source code. ‘ o

'Please note the, following conventions:
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_Table 4. Definitions of Subscripts

Subscriptin : L S :
Documentation .  Subscript in the FORTRAN Code
T " "RorD, refers to Census Division
t Y, when Y is a year increment
f . F,fueltypes
b - . B, housing type
y . . CURIYR, the annual index
y-1 ‘ 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 - 27)
egsw ‘ EQCSW, equipment class #
’ within an‘end use to switch to -
RECCLSW, equipment class #
o from all end uses to switch to
es EQT, equipment type # within an
*  end use (e.g., 1 - 26 for heat)
" RECTY, equipment type # from
. all end uses (currently 1 - 164).-

The table of subscrlpts includes all of the major usages ln some minor instances,

' addltlonal subscripts are defined as needed

- 38

. The equations follow the logic of the FORTRAN code very closely to facilitate an

understanding of the code and its structure. In ’eever_al instances, a variable
appears on both sides of an equation. Thisis a FORTRAN programming device that
allows a previous calculation to be updated (for example, multiplied by ‘a factor)

and re-stored under the same variable name (i.e., in the same memory locatlon)

The .subs'c'ript y, in the documentation refers to the year repfesented as 1990
through 2015. In the FORTRAN code, the subscnpts for CURIYR represent array
dimensions startmg wnth an mdex of 1 to represent 1990 (in some cases, the array
index of 1 represents 1991 as explained below). Not all arrays begln with an array

position‘ for 1990. _Specifically, the arrays that 'represenfc or relate to equipment
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added after the 1990 base year begln with the first array posmon representlng
1991 (PREVYR), to economize on memory storage.

® Some variables are documented as havfng a'y"” dlmenSIon when in fact they do
- not. The most common instances are for the variables, LFCY, OPCOST, SA,
. SHARESN, and.SHA‘RESR. These variables a}e calculated on an annual basis, but
are refcaivned only for the current. year. The’ 'y’ dimension-is used in the
documentation to highlight 1) that the calculations do vary by year, and 2)' to

indicate the current year in formulas to avoid confusion.

® 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 equétio’n is. 1991 ‘through 2015.

Hoilsing Stock Component
~ To calculate the.number of existing dwellings, the Housing Sto-ck Component adds
newly-built homes to the inventory and subtracts demolitions. Housing construction
starts are obtained from regional outputs of the MAM. Existin'g basé year housing’
"stock is designated as the “‘pre-1994’’ vintage, and new additions to the housing
stock are referred to as the “post-1993’’ vintage. Additions and repiacemenis for

both housing vintages are tracked through the forecast period.

Houses are removed from the stock at a constant rate over time. The survival rates

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

Single-Family Homes: HDR, = 0.997
‘Multifamily Homes: HDR, = 0.996
Mobile Homes: HDR, = 0.966
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The surviving 1993 housing stock is defined by
‘ o B, - RECS dita iy ,=;1993 -
EH,, = EH,y;, x HDRy , if y > 1993
v‘vhere, .
EH,,, " is 1993 housing stock surviving by year, housing type and Census
Division. S : | |
Technology Choice Component _
The T'echn”ology Choice Cqmponenf uses a Iog-linéar function to estimate technology
marke:c shares. The module is able to calculate market shares based on consumer
behavior as,a function of bias, capital c’osts, and dberafing costs or as-a function of

'life-cycle costs.

The.seven major services modeled are: o ' '

Space Heating
Space Cooling
Water Heating
Cooking .
Clothes Drying
Food Refrigeration
Food Freezing -

Lighting and other appiiance decisions are modeled differently frorh the major services

listed above. "
Equipment operating costs are computed by the expression,

RIBASEFFgq, " (2)
.~ RTEQEFF,,

. OPCOST,,;, = PRICES;,, x EQCUEC,,; x HDDFACL,, x

where, A ' _
OPCOST, .5, is the op'eratfng cost for the s_pecifié equipment type by year,
' housing type, and Census Division, :
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PRICES;,,, - is the fuel prices for the equipment by fuel, by region-and forecast
year, T o

EQCUEC,, 69,b. is the unit energy consumption by Census Dmsmn, equipment

| class and housmg type, ‘

I'-IDDFAC'T,,,, isa factor, the ratio between heatlng degree days in the current ™ |
year and in the base year, for adjusting for abnormally warm
weather in either the base yeér orin the currrent year,

RTEOEFF,,S is the equipment type efficiency, ‘ |

RTBASEFF,;_‘,&.,Q is the 1993 stock-average efficiency. |

The consumer is ‘a'llowed' to choose among %he various levels of cost and efficiency
for a given class of equipment. Electric heat pumps are an example of an equipment
‘class (denofed by eg). Equipment type {denoted by. es) refers to the same class of
equipment with different efficiehcy ratings (e.g., high vs low efficiency electric heat

pumps).

EQCOST is a time-dependant function for computing the fhst.elled capifal cost of ‘
‘ equipment in new construction and the retail replacement cost of equipment in
existing housing. It is called, if the cost trend switch COSTTRSW = 1 in COMMON
RTEK (which is the default). Its mathematical descriptipr! is as follows:

EQCOST,,c,p = RTEQCOST,, , if RIMATURE,.~MATURE

. . (3)
.EQCOST,, psx = RIRECOST,, , if RIMATURE,~MATURE
EQCOST,,, 4 RTEQCOST.x 2 xd_ +(1-d) x chos , if RIMATURE,_=ADOLESCENT
B ( -y‘) . ] )
yO Y1 N . ( 4)

' RTIRECOST,x 2 x d S -
EQCOST,,, pzr- «* = X Z+(1-d) x RIRECOST,, , if RIMATURE,,~ADOLESCENT

. \Y
14 y-¥¢
Yo~Y1
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RIEQCOST X d

EQCOST,,, ¢yp = + (1.0-d) x RIEQCOST,, , vmmm,:’zm«*m

10 + (y-ya‘_)
' RZRECO?Ty1 d ' %)
EQcosrm * 2 + (1.0-d) x RIRECOST,, , if RIMATURE, ~INFANT
' 10+ |22)
o) T
Yo=¥1
~where, ' ‘ ‘
EOCOSTesyc,ype is time-dependant installed capital cost of equipment in new
construction or the retail 'replace'ment cost of equipment in
existing housmg, '
ctype - tells function type of equnpment cost to return, -

- CAP = Return installed capital cost in new construction,
. RET = Return retail replacement cost in exnstlng housing,
 RTMATURE, \Technology maturity description,
. MATURE = No further eqmpment cost reducticns expected,
ADOLESCENT = Major cost reductions occurred before base |
year, .
(INFANT = All cost re_ductions expected after first year
available, . ) ’
- 'RTEQCOSTE-S _ Installed wholesale capltal costin $1991 per unlt for new homes,
remains constant for MATURE - technologies only (used when
_ ctype = CAP),
RTRECOST,, Retail capltal cost in $1990 per unit for replacements, remains
constant for MATURE technologles only (used when ctype =
~ RET), »
Yo o 1s the.year of inflection of ccst trend,
RTINITYR,, if 'ADO_lESCENT,
- RTCOSTPT if INFANT,
y: is the year cost decline began,
RTCOSTP1,, if ADOLESCENT,
RTINITYR,, i INFANT,
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d is the total possible ’proportional decline in equipme.nt cost,
'~ RTCOSTPS3,, / |
from y, onward if ADOLESCENT,
- from Vs onward if INFANT,
y - is the logistic curve shape pa_ranieter, RTCOSTPZ2,,.
The module includes the. option to usé life-cycle éostiﬁg to calculate market share

weights. The life cycle cost calculation is,

1-(1+ DISRI)-EOM ' 6)

- LFCY,,,, = CAPITAL_ + orcosz;p b X T
where,

LFCY, o, is the life cycle cost of an equipment type by forecast year,

~ housing type, and Census Division,
CAP/TAI.,S is the ingtalled capital cost of an equipment type based on calling

. EQCOST with RTEQCOST,, .
HOR)ZON . is the number of years into the fﬁture that is used to compute the

present value of future operating cost expenditures preseﬁtly set

' to seven years, and" '
DISRT is the discount rate applied to compuie the present value of future

operating costs presently at 20 percent.
A welght for each equnpment class is calculated to estimate the market share for each
of the 1 1 heating systems for new construction based on the cost factors computed
above. The functional form is expressed as,

[mr:ams mm IJ’CY]
HEATSYS,,,, = * > (7)

" where, _
HEATSYS,,,,,, is the equipment weight for a heating equipment class for new

housing by year, housing type, and Cénsus Division,

Energy Information Administration
NEMS Residential Demand Module Documentation Report . 43

e e e e e T S e e — - T ~ Oarachancs ol dh e
- e T T T e e ettt T I T T ST



RTFCB/ASGQ is a consumer preference parameter that fits the current market
share to historical shipment data,

wegbr . . IS the life cycl‘e cost for the equipment class by year, housing.

LFCY,
o ) type, and Census Div'isi'on, and
RTFCBETA,, ' is a parameter value of the log-linear function:

The sum over the heating equipment classes gives the’ total 'weilght for all of the

heating équipment: 3

' =11 . . (8
SYSTOT, . = qz,, HEATSYS, 55, - , ,
where, _
‘ SYSTO'T,,',,', ~is the sum of equiprrient class wéights‘ for the all equipment
' classes. ' ’ ' ’
The equipment class fuel share is cbmputed by 3 '
' . HEATSYS,_,, /
HTYSSHR,,, ,, = ——— 24882 if SYSTOT,, >0
) R’.Q’-b.f Sl’smz,y'b’ l.f y.br - ‘ (9)
HIYSSHR, .3, = 0 » otherwise

where, ‘ . o . .
, .HTYSSHRy,eg,b,, is the 'equipment class fuel share by year, building type, and

Census Division..

For each equipment type within'each class, a weight is calculated based on the cost
factors computed above. The functional form is expressed as,

EQWIN, ., w o] RTECBIAS, +mbc_3m2,;orcysr,,,,+mm33xmx;m1 (10)

EQWIR ., = ol RTECEIS, + mm,#omo&‘t,,;, + RIECBTA34xLFCY, .5, | (11)
: Whefe,
EQWTN, osp, is the equipment weight for new equipment type by year, housing
type, and Census Division, | '
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EQWTR, ;..

opcosr st

LFCY, esp,r

RTECBIAS,,

RTECBTAZ,,, -

RTECBTAS3,,

is the equipment weight' for replécement.eq_uibment type by yeér,

_housing type, and Census Division,

is the operatlng cost for the equipment type. by 'year, housmg

type, and Census Division,

is the life cycle cost for the equipment type by year, housmg type,

.+ and Census Dlwsmn, and

is-a consumer preference parameter that fits the current market

share to shipment data,

are pafameter values of the same fit.

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

classes:

where,

m
§

TOTEWIN,

yezbr

s

. BQWIN, .,
-

a:
§

iom«.b.r = Eqm.c.b.r ‘

i

7

(13)

TOTEWTN egb, is the sum of weights for the new equ1pment types within

TOTEWTR,,,,,. is the sum of weights for the replacement equipment types within

" equipment classes, -

equipment classes.

The equipment type fuel share is computed by
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WIN, L
) EQFS esbe = - _EQWIN,esp, lfmm.eg,bf >0 -

where,
 EQFSHRN,.,,

EQFSHRR, g5

b

mmmww, (14)
EQFSHRN,.;, = q . » otherwise -
QPSR st mmq‘»"fm eabr”0 " . (15)

EQFSHRR ;, = O -, otherwise

is the new equxpment type fuel share by year, bunldlng type, and
Census Division. .
is the replacement equ:pment type fuel share by year, building

type, and Census Division.

This value‘i's multipli.ed by the market share of the equipment type to yield the new

market share for the equipment type. The relationship is expressed as,

where,

NEQTSHR ., = EQFSHRN, ;. (16)

REQISHR, .,, = EQFSHRR, ., ~ a7

NEQTSH.RY,eS,,,,, is the ne_w‘ market share for the new equipment type by year,

REQTSHR, 5.,

housing type, and Census Division.
is the new market share for the replacement equupment type by

year, housing type, and Census DlVISlon

The welghted average equ:pment efflmenmes for the equxpment types within each

equnpment class are then ccmputed as,
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g

'WIEQCEFFN,,,,, - :2 RIS 3 ﬁgNEQISER,m?O : .(18)
o ‘N .
WIEQCEFFN,,;, 1EFF , otherwise

E REQISHR ,,,
RTEQEFF, o
| WIBQCEF Ryqsr = ):quzsyx,,,,, ’”‘?REQMR"“’ (19)
, .

mQCEFFR;me = _RIBRSEFTL, - otherwise

where,

WTEQCEFFN,',,%,,;, is the wei.g'htéd average efficiency of new equipment‘ type -
~ ‘within each’ equipment class by year, housing type;. and
Census Division. '
WTEQCEFFRy,eg,,,,, is the ‘weighted average efficiency of replacement equ.ip'me.nt
' types Within each equipment class bi/ year, housing type, and

Census Division.

Appliance Stock Component ‘
The appliance stock component tracks the major energy-consuming equipment by -
housing viri"tage and equipment vintage for additions, replacements, and surviving

equipment.

Table 5 dopicts the equipment accountin'g methodology. For simplicity, this discussion
omits the details of the variable subsoripts, which is explained later. The equipment
accounting system partitions equipment into two major categori_es, depending on the
vintage of the housing unit: ‘equipment inétalled in housing units buil;c before 1994 (at
the beginning of a model run) and equipment a;dded 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
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Table 5. Heating: Eqmpment UEC and Housmg Shell Accounting Scheme

Housing Units that A .- Housing Units Added
Existed in 1993 - ,From 1993 through 2015

“Equipment UEC Shell Equipment  UEC Shell

EQCRP90 |EQCRUEC EHSHELL

-

EQCSR0 [EQCAUEC EHSHELL

. o EQCADD |EQCNUEC NHSHELL
. ' o - "EQCREP |EQCNUEC AHSHELL

EQCESE [EQCSUEC EHSHELL |
- \ EQCSUR |EQCAUEC. AHSHELL

replace other equnpment and equnpment purchased for new construction. The
categorization of equnpment by housing vmtage and survuvmg/replacementtype results

- in six categories of equipment that are tracked

The equipment éategorfes for pre-1994 housing units are:
EQCE_SE denotes the surviving pre-1994 equipment stock ih pre-1994 homes, .
" EQCSR90 represents _equipmént stock in pre-1994 homes that has been replaced -
| after 1993 and that still survives; and
EQCRPQO is current-year replacement equipment fo‘r pre-1994 housing.
Note: EQCNDQQ is the sum of EQCESE,» EQCSRSO and EQCRP90.

The equipment categp}i’es for\boi_;t-'1 993 housing units are:
- EQCSUR denotes equipment that has been modeled as added and still survives,
EQCREP is equipment that- has been modeled. as added and is in need of

replacement in the current year, and

‘ Energy Information Admmstrahon
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EQCADD is equipment for housing units added in the current year.

Unit energy conéumption (UEC)is traé_ked for eqﬁipment added by category of housing
unit:
EQCUEC is the average UEC for the onglnal 1993 equ:pment in housmg umts that
existed.in 1993,
EQCSUEC is the average UEC for surviving equipment in pre-1994 housing dnits,
EQCAUEC is the average UEC for surviving equipment in post-1994 housing units,
EQCRUEC is the UEC for all equipment added in the current year to replace pre-
1994 equipment, and |
. EQCNUEC is the UEC for all equipment added in the current year for post—1 993
homes. - / ;
Shell ’indicgs are modeled for three -categories of housing units:
.EHSHELL is the'shéll index applicablé to pre-1994 hoi.lsing units,
AHSHELL is the shell index applicable to housmg units added in all but the current ‘
year, and | ) .
NHSHELL is the shell index for housing units added in the current year.

For example, in accounting for the heating energy consumption of surviving equipment . .

installed ’in pre-1994 housing units, the equipment'stock, HTESE, would be multiplied
- by the unit ehergy consumptioh,‘ HTUEC, and by the shell index EHSHELL. Thi;
explanation was designed to aécount for heating equipment, but the accounting
principle is used throughout the residential module. For the pre-1994 houéing example
" above, the appropriate space cooling variables would be CLESE, CLUEC and ECSHELL.

The shell indices apply only to heating and cooling, thus, for example, for refrlgeratlon
the accounting requires only RFESE and RFUEC.

The housing decay rate.is used in conjunction'with the equipment survival rate to

determine the number of equipment units that survive/retire each year in the forecast.
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3

_Alinear functlon is used to model the retlrement of equrpment after a minimum’ age

is reached up to its maxrmum age. The linear functlon is expressed by,

SVRIE,,, . =10 . » Fy-1 5 Ly
i Ingc - 09 - o
SVRIE, ,;, ., = .;fz,,,,,,,<y-z<1_mx , (20)
SVRIE, 1, = 00 . y iyt 2 Loy
. where,
SVRIE, of 1,
is the.equipment survival function,

y-t . is the age of the equipment,

L., . is the‘mi'nimum equipment lifetime in years, and

Lax is the maximum equipment lifetime in years.

{

‘Equipment in post-1993 (new) houses is the product of the number of new houses
and the market share of each equrpment class. This is expressed as,

' EQCADD HSEADD .  SHARESN, Lo (22)

.eg.b.r yieg:br

where, . S .
EQCADD,, eg.sr 1S the number of post—1 993 vintage equrpment umts added to new -

‘ ; houses by forecast year, housmg type and Census D|V|$|on, '
HSEADD,,,,, | rs the number of new housmg unlts constructed in the forecast

year by housmg type and Census DlVlSlon,

SHARESNyegb, is the current year market share for each equrpment class by

housing type and Census’ Dlwsron

3
3

The surviving post-1993 vintage equiproent in pre-1994 houses is computed as,

b ) . . o
EQCS ) et -,%4( EQCRP0,,,;, % SVRIE, ,1nip1me ¥ HDR™) (23)

where,
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EQCSR90, ;. is the equipment stock in pre-1994 -homes that has been

replaced after 1993 and still survives by housing type and.

Census Division,

EQCRPI0, " is the'number of replacement (post—1993 vintage) equipment

units demanded each year in pre-1994 houses by housmg type

and Census Division,

SVRIE, ,;,

, is the equipment survival function,
HDR, . is the housing survival rate by hodsing type, and

y-t represents the age of the eqixipmeni.
The total amount of pre-1994 equipment in pre-1 994 houses is computed as:
' EQCNDS0, . ;, = EQCESEqggs. .05, x HDR, , i y=1993

EQCND0,,,,, = EQCNDY0,. 1,05, x HDR; , i y>1983

where,

EOCNDQO,;,eg,b, is the total amount of eqmpment in pre-1 994 houses by year, |

equipment class, housmg type ‘and Census Division,

EQCESE 93,055, s the stock of equnpment in 1993 by equipment class, housing

type and Census Division,

HDR, ‘ s the‘,housing survival rate by housing type.

. For replacement unlts (post 1993) equnpment required for pre-1 994 single-family

homes in the current year techno!ogy switching is allowed. The number of homes that

may switch in each equipment class is calculated as,

RPSHARE, . = ! TP S ¢ RISVRE b < LTy = CAP AL+ RETAL s + REINSCOST )] (26)

Sum to find the total number of switches.
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- egsw=11 )
TOTSH, £1 RPSHARE, ;. . | (27).

Flnally, d|v1de the number of switches in each equrpment class by the total number

of swrtches (if > 0) to calculate the share of replacement equipment. whlch may

switch.
o RPSHARE,
RPS. =" PL: 2t > '
AR amsr = o758, ,;fmzs 20 o (28)
RPSHARE, . .s., = 0 , otherwise ,
where, _ ‘ _ ,
RPSHARE , ¢o5u6.r " in Figure 1'is the number tnat will switch to equipment
class egsw on replacement by year, housmg type, and
Census Division, _ . (
RPSHARE, coewpr . | in Figure 1 is the share that will switch to 'eqqipment class
egsw on replacement by year, housing type, and Census
Division, ' ,
RTSWBIAS o451 " is the consumer preference parameter for switching to this

equipment class, '
RTSWBETAegs,'., is the parameter value for.the same fit,(
LFCY , esswbrv ‘ lslthe lifecy'cle cost of the equipment type switching to (essw)
| by year, bdilding rype, region , and vintage, . |
. CAPITAL;S,, ' is the original equipme'nt type cost (based on calling FEQCOST
" with RTEQCOST,,) which is subtracted from the lifecycle
" cost for replacements, ' : .
RETAIL ., . is the retalil equrpment type cost (based on calling EOCOST
with RTRECOST,,SSW) which is added to the lifecycle cost for ,

replacements,
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a

RPINSCOST , is the cost of switching from equipment class eg to egsw

99993W
on switching, and _
TOTSH,,, b " is the total number of homes that will switch space heater
technologies. '
Replacement units (pcst-1 993) equipment required for pre-1994 homes in fhe current

year for single-family‘ homes where switching is allowed are calculafced as,

EQCRPY0, 05, = 2 RETIRED,,, ;,* RPSHARE, ., ; * RPSWFACT,, (29)
where, ) . , -
EQCRPI0,, cysvs,r is-the number of replacement units required for single-
famrly pre-1994 houses by forecast year, housing type and
Census Drvrsron, ,
RETIRED,, ., is calculated as in Figure 1, EQCRPI0 for multifamily and
o mobile homes by forecast .year, housing type and Census
Dlwsron, ' ' ‘
RPSHAREMgSWI,,,', is the share that will switch equipment class (egsw) on
replacement by year, housing type, and Census Division,
and _ l '
. RTSWFA’CT,_,Q' is the fraction vyho may switch from equipment class eg.

Post-1993 replacement units requrred for smgle-famlly pre-1 994 homes in the current

year where switching is not allowed (due to the swrtchmg limit) are calculated as,

EQCRPY0,,, E RETIRED, ., +( 1 - RPSWFACT,) " (30)

where, . : .
EQCRPY0, ., ,,, is the number of replacement units required for single-family
pre-1994 houses by forecast year, housing type and Census

Division,
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RETIRED, .,,; - is calculated as in Flgure 1, EOCRPQO for multlfamlly and
‘ ' mobile homes by forecast year, housmg type and Census
Division, | ,
7-RTSWFACTeg - is the fraction who. may not switch from equipment class -
eg.

Post-1993 replacement units requnred for pre-1 294 multlfamxly or moblle homes in the

current year are calculated as, .
EQC mr-b.r = EQCND. goy.eg,b.r EQCESE yezby EQCS yeghr / (31)

where, ) . '
EOCRP.90 \eq.b.r s the number of replacement units required for pre-1994
\ multlfamlly or moblle homes by forecast year, housmg type"
and Census Dr\nsron, ,
EQCNDQO,,jeg,,,,, is the total equipment requnred for pre—1 994 houses by
o  _forecast year, housing type and Census DlVlSlon (| e. the sum
) of EOCRPQO EQCSRQO and EQCESE),
EQCE;S‘Ey,eg,,,,, . is the sur\(lvmg pre-1994 vintage stock of equiprnent in pre-
S 1994 vintage.houses by forecast year, housing type and
. Census Division,- and ) ‘ , ' :
EQCSRI0, ;. is the equnpment stock in pre-1994 homes that has been
S replaced after 199§ and still survives by housmg type and

Census Division.

.Survwmg post-1993 equrpment orlgmally purchased as addltlons or replacements in
post-1993 houses, is calculated as, R

y-1

. BQUSUR, 5, - 3. [BQCADD, ., + EQCREP, J,,) xSVR’IE,W'x mr”]  (32)

where, ,
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EQCSUR, s, is ;che surviving post-1993 equipment purchased as additions
or replacements in po’st-.1993'houses by h'ousing.-type and

: Census Division, \ .

EQCADD, is the quantity of post'—r1"993 vintage equiprnent added to post- -

' 1993 houses by forecast year, housing type and Census

. Division,

SVRTEy_,,Lm}”,L,,,Bx ~is the equipment survival function, _

HDR,, _ is "ghe housing survival rate by housing type,

EOCREPW br is the number of equipment replacements of pest71993
equipment in post-1993 houses, and

y-t ' repreeents the age of the equipment.

For repla’cement uhits (post 1993) equipment required for post-1 993 single-family
homes in the current year technology switching is allowed. The share of replacement

equipment which may switch is calculated as in Figure 1 through Flgure 1.

Replacement units (post-1993) equrpment required for post—1 993 homesin the current

‘year for smgle-famrly homes where switching is allowed are calculated as,

EQCREP,,,,, E RETIRED, . ;% RPSHARE, ., ;,,* RPSWFACT, (33)
where, ,
EQCREP, oy54,, - is the number of replacement units required for single-family
post-1993 houses by forecast year, housing type end Census
Division, B .
. RETIRED, ., is calculated as in Figure 1, EQCREP for muitifamily and mobile

homes by forecast year, housing type and Census Division,
RPSHARE,, o5..s; is the 'share that will switch equipment class (egsw) on
replacement by year, housing type, and Census Division, and

RTSWFACT,, is the fraction who may switch from equipment class eg.

. Energy Information Administration .
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'Replacement units (po‘st—1 993) equipment required for post-1993 homes in the currerit
year for single-family homes where switching is not allowed (due to switching Ilmlts)

are calculated as,

EQCREPW, S RETRED, (1 - RESWFACT) (34) .
where, - » -
EQCREP, oop, ’ is the number of replacement units required for single-family
' " post-1 993 'houses by forecast year, housing type and Census
, , Division, - '
RE\TIRED,,,,,;,,,,; is. calculated asin Flgure 1, EOCREP for multlfamlly and mobile . -

homes by forecast year, housing t_ype and Census DIVlSlon,

7-\RTSWFA'CTeg is the fraction who may hot switch from equipment class eg.

The number of surviving post-1993 equipment‘units is deducted'from total demanded
equipment in post-1893 houses to yleld the number of replacements of post-1993

. equrpment in post-1 993 multn‘amlly and moblle homes
oy . 4 .
 EQCREP,;, r=%;M(EQCAD retbr X HDR}") - EQCSURJW” | | (35)

where, ‘ o
EOCREP Voog.bir is the number of equ'ipment replacements of post-1993 equipment

in post-1993 multifamily and mob.ile houses,

HDR,- . s the houslng survival. rate by houslng type,

EQCSUR,, is the survnvmg post-1993 equrpment purchased as additions or

,e9,b,r
i .replacement in post-1993 houses by housing type and Census

. Division, S o

-EdCADDteg,b,, is the quantrty of post—1 993 vmtage equrpment added to post-

1993 houses by forecast year, housmg type and Census D|V|S|on,

oyt " represents the agé of the equnpment

Shell Integrity Component

- ) - Energy lnformatlon Administration
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The shell integrity'componen.t uses three indices to capture the increases in the energy
eﬁfciency of building shells over time. One index corresponds to the pi'e-'1 994
housing stock, and two indices correspond to the post-1893 stock, one for housing
cvons"cructled in the current year and the other for the avel;age post-1993 stock. The
shell indices are adjusted each year to account for fuel price increases (decreas.es have
nb. effect on shell integrity, i.e., shell efficiency incfeaéesaé brice increases) and

technology improvements.

An important pért of shell.integrity is the quality of windows. In the Energy Pdlicy Act,
thefe are regulations that require that all new windows Be labeled with an index that
describés their insulation properties. These regulations will be phased in over a period
of years, begiﬁning il:\ 1995. The residential module evaluates the impacts of these
regulations by means of an annual input variabie, EPWINPCT,, that gives the
proportion of existing houses expected to bé subject to window labeling. This
quantity, when' multiplied by the fraction of heat savings expected to be affprded by .
labeled windows, currently set at .08, g’iveé the expected savings rate due to Window '
labeling, -EPACTH,. .

The first step in the algorithm calculates the percentage price change for all heating
fuels as, \

.PRICES}"’ - PRICES},J% 1 : A (36)

PRIDELTA,, = - x

‘where, , o
PRIDELTA;, is the percéntége change in price from the base year by fuel and
Census Division converted to 5 percentage ppint increments, -
PSTEP is a constant that is set to 0.05 to convert the percentage change
' in fuel price to the number of 5 percentage point increments of
price ¢hange, |
PRICES,,, is the fuel price by fuel, Census Division and year, and

PRICES,, 1503 is the 1993 (base year) fuel price by fuel and Census Division.

" Energy Information Administration
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The existing ho'using'heating shell index IS calculated as,
. EHSHELL, - EHSHELL,;, PR | i EHSHELL, > EHSHELL
EHSHELL,,, = - .‘ | ‘ | . ,'VEHSHELQJ:ZLMT
EHSHELL,,, = (1. - PRIDELTA,, x ssmp) x TECHG x (1. - EPACTH, ) , otherwise ‘
‘ : (37)
where,‘ o p
~ EHSHELL ,,, |s the shell integrity index for exnstmg housmg by year, fuel . and
’ " Census Division, | ,
LIMIT- g hllmlts the maxlmum shell index efﬂcnency to 0.6 (i.e., maximum shell
| efficiency is limited to a 40-percent improvement on the base year
value), and . '
SSTEP . |s set to 0.01 and is a component of the shell elastlcxty with respect
: to heating fuel pnce, ' _ _
~ TECHG, - is a parameter that represents the annual increase in existing shell
' - integrity due t6 technology improvérri‘er;ts, and
EPACTH, is‘ the pfbje_cted national fractional savings in heating energy
consumption from the EPACT window ,Iabeling': program in year y,
from the RMISC file. : | ‘

PSTEP converts the percentage change in pnce to the number of 5 percentage pomt
increments of pnce change in Equation Flgure 1. In equatlon Figure 1, PRIDELTA is
_multiplied by SSTEP and converted to the shell efficiency index. Every 5 percentage
point increase in fuel price relative to the base year results in a shell effi_ciency index

" decrease of 1 percentage point of the base year shell efficiency up to the limit of 0.6.

The new housing heating shell index is calculated as,

: ) ’ ' Energy Infomﬁtion Administration
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NHSHELL, = NHSHELL i, ’ ., if NHSHELL ,, > NHSHELL
NHSHELL,,, = LIMIT | ' i NHSHELL , <LIMIT . (38)
NHSHELL,,, = NHSHELLig,,, ' -

where,
NHSHELL ;,

TECHG,
_ PRIDELTA,,

SSTEP

- (1) x TECHG + PRIDELTA,, x SSTEP , otherwise

,is the new housing hnits shell integrity index by year, fuel and

Census Division,

.is a parameter that represents the annual increase in new shell

-integrity due to technology improvements,

is the percent change in price of the fuel by Census Division in 5
percentage point increments,
is set to 0.01 and is a component of the shell elasticity with

respect to heating fuel prlce

The average post-1993 housing heating shell index is calculated as,’

AHSHELL ,,

where,
AHSHEI_LY, £r

NHSHELL,,,
EQCADD,,.,,

EQCREP, ,,,,,

EQCSUR,

\ 4 egr_blf

E Z [NHSHELL, 4% EQCADD, .15, +AHSHELL, f,x(EQCRE esitr*EQCSUR 5. Mg

E 2 [E QCAD Jw-b.r +EQCREP, yegbr* EQCS URM:JJ]

is the—average post-1993 heating snell index by vyear, fuel and
Census Division, equal to 1 in 1993, . ,

'is the new housing units shell integrity index by year, fuel and
Census Divisjon, ‘

is the number of equipment units lnstalled in new constructlon by

_ forecast year, housmg type and Census Dwnsron, \

is the number of equipment replacements of post-1993 equrpment
in post-1993 houses, and

is the surviving post-1993 equipment purchased as additi_ons or
replacement in post-1983 houses by forecast year, housing type

and Census Division.
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In addition to the calculation shown above, the module places two additional B
restrictions upon AHSHELL : |t may never increase, and it must not fall below LIMIT.
1If ever AHSHELL ) is calculated to increase, its value is set to the prior year s value;
if it falls beloyv LIMIT, it is set edual,tc LIMIT.

Consumption and UEC Component
Final end-use fuel consumptionis determlned b{( the fuels demanded by the equipmenfc
to provide househclds with the demanded services. F'or each equipment class, the
UEC for new equrpment replacement equipment, and the average of all equrpment is
computed New equipment UEC values are. calculated as: =~ -

EQCNUEC, 55, = EQCUEC, 5 WIEQCEFFN,,, ,, x RTBASEFF o, ..
x HDDFACT, x SQFTA_D._I, PR + if WIEQCEFFN, ;. 460)

EQCNUE pechs = BQCUEC g HDDFACT x SQFTADI,,, , otherwise

: where, » '

EQCNUEC vegbs 1S the unit energy consumption for new equipment by forecast
. ~ year, hou‘sing type and Census Division, ' .

WTEQC'EFFNYI,,;,,;,, is the equipment class efficiency weighted by the market share

R of the specific equipment as computed in the logistic function

in the technology choice component by housing tupe and

- Census Division,

“RTBASEFF,“M' is the 1993 stock-average efficiency of the equipment
. - class, = . : S
EQCUEC, ., . -  is unit energy consumption for original 1993 stock of the.

. equipment class By Census Division and- housing type,
"HDDFACT, lrs the heating degree day adjustment factor by Census Division
| to correct for the unusually warm weather during the RECS
survey year, and- ‘

" SQFTADJ,,, . . is the adjustment for increasing floor area of new houses.

Replacement equipment UEC values are calculated as:

, _ Energy Information Administration
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EQCRUECy,c‘,b,r ’ = EQCt]ECf.C{.b x chmgk N ) .
x RTBASEFFyop,, x HDDFACT, , if WIEQCEFFR, .5, > 0 (41)

EQCRUEC,,,,, = EQCUEC,,,, x HDDFACT, ~ , otherwise
where, : ’ ‘
EOQRUEC” og.b,r is the unit energy consumption for replacemeAnt equipment by
' ' housing type and Census Division,
RTBASEFF ;953,69 is the-efficiency-of the weighted average of retiring units .

from the 1993 existing stock, and

WTEQCEFFR,,,,, is the replacement equipment efficiency weighted by the.

market share of the specific equipment as computed in the

/

logistib function in the technology choice component by ,

housiﬁg type and Census Division.

And the UEC for'the surviving stock must be adjusted, édcording to:

’ * RTBASEFF,
EQCSUEC, 4., , = EQCUEC, ,, x HDDFACT, x = EFF? (42)

where, _ .
| EQCSUEC,,,,,, is the average unit energy gonsumption of th'g original 1993
equipment stock that remains after the replacements have taken

place.

The average UEC for all equipment is calculated as:
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" EQCAUEC,,,,, = EQCNUEC,,,;, x HDDFACT, i y=1983

yegbr ~

EQCAUEC, ;,, = EQCNUEC, , ,, s if the gquipment stock s 0
| . BQCRP0,,,,, x BQCRUEC, ,, (43)
+ gEQCREP”k + EQCADD “'b"; X EQC 'viagbr
. + (EQCSR90, "‘EQCSUR,J, x EQCAUEC, 'y-1,2.5, .

EQCA yezbr 28.5.1 £2br , otherwise.

90447 = " EQCRP, ,, + BQCREP, oy, + EQCADD, oy, ' ¢

+ EQCSR”M:J: + EQCSUR,. 1,

The final step of this algorithm is to calculate consumption for the service category.

This is accomplisﬁed in two steps. The first year of the forecast is computed initially

as,
EQCESE).Q&JXEQC eg sy XEHSHELL, ,, PRI -’
PRICES,,, \*
HIRCON,.1s007 - L X| + BQCADD, ,,, xEQCNUEC ! s, XNHSHELL ,,| x (;R—ﬁs—!&) (44)
‘b +EQC mb’,xEQCNU “'b,xEHHELL’ Oyt
and subsequent ,consumptlon as,
- . - \ - 1
.EQCESE, ;< EQCUEC,, ,,,,xEHSHE;z,‘,; , B N
r +EQCADD, ,,,xEQCNUEC, 5, x NHSHELL, ;7 xRBN, 1.1, )
y T+ .
on, EE +EQURP90, o, xEQCRUEC, 1,  EHSHELL Y xRER, 5, | [Pmczsﬁ ) l
1+a
g +EQCS .ea.brxm .ec.b.rXEHSHELLyf.r XRBAy.ee.b.r PRICES, 14,
+EQCREP, ,, ;, x EQCNUEC, ., ,,,xAHSHELL,‘;; xRBN,,,
A +EQCS UR,“_,,,XEQCAUEC,“WXAHSHELL,;: XRBAy.c:.b.n

" where, |

a - is the short-term price elasticity, presently valued at .15.
Here, there is a new concept called the “rebound effect’’ that accounts for the fact
that increasing equipment efficiency” for a partlcular eqmpment class causes a

corresponding change in the price elastlclty for the class. 'l_'hree variables represent

this effect:
Rl sy = WIEQCEFFhy s, RTRASEFF 505 (46)
. RER,,, = WIEQCEFFR, ,; x mASEFF‘m (47)
RBN,. 5, = ch st X RIBASEFF,m“ (48)
where, :
' RBA,, o0.5.r | is the rebound effect factor for s'urvaing equipment,
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RBR, ... is the rebound effect factor for replacement equipment, and

RBN,, o, is the feboun,c_i effect factor for new equipment.
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Abpendix A: Data Sources and »Input Parameters

The Teghnology Choice Comp'onc_ent reqlires extensive data \describingrend-use
technologies. Equipment costs, efficiency lévels, ‘an_d other characteristics are
‘specified for all the technolégies included in the menu of choices._Tl'{ese data are
drawn from numerous) sources including Lawrence Berkeley Laboratory (LBL)?, Arthur.
D. Little (ADL)?, Gas Research Institute (GRI)®, Electric Power Research Institute .
(EPRI)*, Gas Appliance Manufacturing Association (GAMAY)®, Assoéiation of Home
Appliance Manufacturers (AHAM), and the Air Conditioning and Refngeratlon lnstltute
(ARI)®. .

The alphdbetical index, found in Appendix I, lists all of the module variables, with
page numbers for their definitions and dimensions. The variable names shown in this

manual correspond to the variable names used in the FORTRAN source code of the

Residential Sector Demand Module.

The remaining text of Appendix A describes the input data sources for the variables

bresented in Tables A-1 and A-2 where applicable information is available.

' Lawrence Berkeley Laboratory, "Baseline Data for the Resxdentxal Sector and Development of a Residential Forecastmg
Database," Berkeley, CA, May, 1994, .

2 Arthur D. Little, *Technical Memorandum for Technology Advances and Forecasts-Resndentral/Commercxal End-Use-
Equipment,” 1990.

? Gas Research Institute, "Baseline Projection Data-Book,” Lexington, MA, 1990. -

* Electric Power Research Institute, "Draft Mode! Documentatlon for Residential End-use Energy Planning System (REEPS),
Version 2.0," Palo Alto, CA 1990.

® Gas Appliance Manufacturers Association, "Consumers’ Directory for Certified Efficiency Ratings,” Arlington, VA, 1994.

Y i

¢ Air Conditioning and Refrigeration Institute, *Directory of Certified Cooling Equipment,” Arlington, VA, 1994.
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—l.?_esidential Demand Module lnput Data Files -

Residential Equipment Retii'ement Fiactians for' 1993 Equipntent

" Definition: Retirement fractlons for each .of the 27 resndentlal Equrpment classes in

| for all forecast years

Units: Dlmenslonless (units retlred to date/umts extant in 1993).

$ource: Results from vintaging ‘models developed based on shlpment data.

. Shipment data from varlous sources mcludlng AHAM GAMA ARI, LBL. '

. File: RSRETO1. _ _ o

' Comments: Values.in this table give the fraction of 1993 stocks of equipment
expected to be retired as of each 'year. They are calculated in an external
FORTRAN program that vmtages eff|c|enc|es from the shlpment data
Program reads all years \

Sequence of Eqmpment Classes: .

Electric Furnace ~ Geotherm l-leat..Pump Water Heat Dist
Electric Heat Pump . _ 'Nat Gas Heat Pump Water-Heat LPG
‘Gas Furnace’ '_ Room Air Cond . - Cooking Nat Gas

Gas Boil/Radiator Central Air Cond | Cooking LPG

' Kerosene Furnace - ~Elec'tric Heat Pump | C‘ookingf'Electric
LPG Furnace = - "~ Geotherm Heat Pump Dryers Nat Gas
Distill Furnace - Nat Gas Heat Pump Dryers Electric

- Distill Other * Water Heat Nat Gas . Refrigerators

Wood Stoves _' ‘Water Heat Electric _Freezers
Variables: EQCRET,,,

: Besidenfal Floor Areas by Building Type, Year and Divisian.' ‘
_Definition: Average of floor space in residential buildings in each of 3 house types,

Energy Information Administration . _
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Units:
Source:
File:

Comments:

Variables:

for each division, from 1990-2015.

Square feet.

RECS and Census C25 data series.

RSSQRFT.

Values after the last data year are held constant at that value. Data are
used to adjust heating, cooling, and lighting loads. '
SQRFOOT,,, '

Residential Ex:sﬂng Equ:pment

Definition: -

Units:

Source:

File:

Comments:

.Stock of all equipment types for all end -usesin the base year within each

\

bu1ld|ng type in each Census Division.
Number of units. -

EIA, Aggregation from the Residential Energy Consumptlon Survey 1993,
DOE-EIA-0321(93).

- RSEQP93.

Each value in the body of the table represents aggregated values from
the Residential Energy'Consumption Survey 1993. F_irsf, the census data
were aggregated to determine the number of households in each Census

Division of each building type that use the designated equipment class.

Equipment Classes Included:

_Electric Furnace Geotherm Heat Pump Water Heaters Distill
Electric Heat Pump Nat Gas Heat Pump Water Heaters LPG
Gas Furnace Room Air Conditioner Cooking Nat Gas
Gas Boil/Radiator Central Air Conditioner Cooking LPG
Kerosene Furnace - Electric Heat Pump Cooking Electric
LPG Furnace . ‘Geotherm Heat Pump Dryers Nat Gas
Distill Furnace Nat Gas Heat Pump Dryers Electric
Distill Other Water Heaters Nat Gas Refrigerators =
Wood Stoves Water Heaters Electric - Freezers

Variables: - EQCESE g93,005,
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Res:dentlal Retlred Equ:pment Efﬁclencles of 1 990 stock

Definition: -

Units:

Source:

File:

Efficiencies for each of the 27 resndentlal equ1pment classes in

forecasted years.

" Dimensionless (energy out/energy xn) except ref, frz, stoves.

Results from-v:ntagmg models developed based ‘on shipment data.

“Shipment data from various sources including: AHAM, GAMA, ARI, LBL.

Comments:

Equupment classes mcluded

RSEFFO1. _ .
Values in this table give the average efficiencies of equipment exbected .

" to.be retired in each year. They are calculated in an external FORTRAN

program that vintages efficiencies from the shipment data.

Electric Furnace - : Geotherm Heat Pump  Water Heaters Distill
Electric Heat Pump - Nat Gas Heat Pump ~° Water Heaters LPG
Gas Furnace Room Air Conditioner - Cooking Nat Gas
Gas Boil/Radiator " Central Air Conditioner Cooking LPG
Kerosene Furnace . Electric Heat Pump. ‘Cooking Electric
LPG Furnace ' Geotherm Heat Pump Dryers Nat Gas
Distill Furnace "~ . 'Nat Gas Heat Pump Dryers Electric
Distill Other .- Water Heaters Nat Gas ' Refrigerators
"~ Wood Stoves Water Heaters Electric  Freezers - ‘
Variables: EQCEFF,,

Residential Unit Consumption of Energy

Deflnmon.

" Units:
Source:
. File: - !

* UnitEnergy Consumptlon (UEC) for all Res:dentlal equipment classes and

bunldmg types in each Census DlVISlon Here, the equipment classes
lnclude the 27 major classes, plus llghtmg, 7 secondary heater types,

and 4 appllance types.

- Classes 1-27: MMBtu/unit/yr;"classes 28-39"MMBtu/houselxold/yr

EIA, Residential Energy Consumptlon Survey 1993 DOE.EIA-0321 (93) k
RSUEClO

Comments: - Each value in the body of the table represents the .an'nual energy

A4
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consumptlon of a single unit of the given type in the given buﬂdmg type,
in the given Census dnvuswn, in 1993. '

Equipment Classes Included:

Space Heating:
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:

Elec Furnace’

Elec Heat Pump

Gas Furnace
Gas Boiler/Rad
Kero Furnace
LPG Furnace
Dist Furnace
Dist Other
Wood Stoves
Geothermal HP
Natural Gas HP
Room Air Cond
Cent Air Cond
Elec Cool Pump

.Geo Cool Pump

Space Cooling: Nat G Cool Pump
Water Heater: Natural Gas
Water Heater: EL

. Water Heater: Distillate
Water Heater: LPG

Variables: EQCUEC,,,,

Cooking: Natural Gas
Cooking: LPG -

.Cooking: Electric

Drying: Natural Gas

Drying: Electric

Refrigeration

Freezing .

Lighting

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

Residential Heaﬂng Equlpment Shares for New Equ:pment

Definition:

Census Division.
Units: Fraction of purchases.
Source:

Hous?ng: 1993, C25/93-A.
File: - RSHTSHR. =

Market share of general space heatlng equipment for new homes in the

base year. Gives the share of each equipment class by building type and _

Bureau of fhe Census C25 data, as described in Charaéteristics of New

I

Comments: Shares of heating equipment classes in new homes. Each value in the

body of the table re;;'resents a fraction of aggregated values from the

Energy Information Administration '
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C25 database. First, the Census data were aggregated to determine the
number of new houses in each Census Division of each building type
that used the designated equipment class. These values were divided by

the number of new houses-in each Census Dlvrsmn and burldmg type.

. Equipment Classes Included: '
_ Electric Furnace - ' .Distillate Furnace - -

Electric Heat Pump . | - Distillate Other
Gas Furnace ' Wood Stoves
Gas Boiler/Radiator - Geothermal Heat Pump

Kerosene Furnace - | Natural Gas Heat Pump
LPG Furnace ' ‘

Variables: HSYSSHR ;993 00,5,

Benchmarlany Data fram Short-Tenn Energy Outlook
Definition: Household energy consumption by fuel and Census DlVlSlon for the years
1993 1994, 1995 1996, and 1997.

Units: Trillion Btu. . . . .

Source: . Short-Term Integrated Forecasting System 1996Q4. State Energy Data
_ ./ System, 1994. '

File: - RSSTEO.. .

' Comments Natlonal total energy consumption by fuel and year comes from STIFS,
' - based on history in. 1993, 1994, and 1995 through 1997 forecasts.
These forecasts are allOcated to Census d'ivisions using SEDS historical
-data for.19'94 broken out by fuel and Census division. Calculations are
in'spreadsheet STEO943F.WB1 - ' N
Variables: ,STEOCN B T . o

Res:dentral Technology Equ:pment Class Descnptzon File

: Defrnltron. Technology choice parameters for classes of equrpment.
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Units:
Source:
File:

Comments:

Variable Descriptions:

RTCLENDU,,

RTCLEQCL,,

RTCLTYPT,,

RTCLPNTR,,

. See' discussion of individual variables Below.
RTECH.WB1 |
RTEKCL.
Each of fhe 27 lines of this data file gives the impoﬁant user-modifiable
parame’ters'for one'equipmént cla;s. Used by the RDM for allocating

equipment-choice among the individual equipment classes.

~

End use number. Equipment classes having the same end use
compete with one another. The hDM a'l_locates eq'u'ipment among

_ them in the technology choice process.

1 =Space Heating

2 =Space Cooling

3 =Water Heating -

4 =Cooking

5 =Clothes Drying

6 =Food Refrigeration
7 =Food Freezing

Matches ATTYENDU,, in the RTEKTY file.

Equipment class number. Appears on all records. Matches
RTTYEQCL,, in the RTEKTY file for one or more equipment types: .
there are one or more equipment'types in RTEKTY for each class in
RTEKCL. | ‘ L ‘
Required pointer from equipment class to a representative equipment
type. This is the only pointer from RTEKCL to ‘RTEKTY. Selects the
equipment type used in thé'log-linear formula for choice of equipment
class for newly constructed housing units and replagements in single-
family houses. Its value is “the RTEOTYPEGS in hTEKTY of the
representative equipment. - .

Class pointer. Requfred for_ end’uses 1 through 3; zero otherwise.

If end use = 1: Required pointer from space heater class to

Energy Information Administration
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RTCLREPL,,

. RTFUEL,,

- RTMAJORF,,

) ’ 'lf end use

\:2)

associated water heater class linking water heater fuel choice to
space heater fuel choice for newly constructed housin'g units.

2: Require‘d.'pointer from cooling heat pump class to

same class of heatmg heat pump
0= Not a heat pump
Integer = Heater heat pump class number ,
If end use = 3: Required pointer from water heater class to matchmg
-cookmg class linking cooking fuel chouce to water heater fuel
‘ choice for newly constructed housing units. Also see RTC‘LREPL
end use 3 below, only natural gas water heaters may pomt to 2
types of cookstoves _ .
Replacement class Required for end uses 1 and 3 zero otherWISe
lf end use = 1 Flag for replacing the eXIstmg space heater class with
a natural gas forced air space heater at retlrement (subject to
switching limits described under GSL).
If end use = 3: Second pointer from hatural gas water heater class
to matching cooking class. The model assumes that 65% of new
homes with natunjal Qas water heaters have natural gas stoves and

35% have electric steves

" Fuel used by this equ:pment
1 =Distillate

2=LPG
3 =Natural Gas

'4=Electricity (wood pricea to electiicity)

5=Kerosene ) BN

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

heater shares for systems using major fuels are calculated differently-

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

“indicate a major fuel. Set to O to indicate a minor fuel.
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RTBASEFF,,

" RTALPHA,,
RTMINLIF,,

RTMAXLIF,,
RTFCBETA,,

RTFCBIAS,,

RTSWFACT,,
RTSWBETA,,
RTSWBIAS,,

. RTCLNAME,,

—

Base effucuency for this equrpment class. Defined differently for
different-end uses: . ‘ _

End uses 1,2,3,5: base efficiency for this equipment class.

End uses 4,6,7: 1 / base efficiency for this equipment class.
Equipment life a. . a |

Minimum life of this equipment class (years).

Maxirnum life of this equipment class (ye'ai's).

New home heating technology choice model log-linear parameter 8. ~
Used only for end'use 1; zero otherwise. :

New home heating technology choice model bias parameter. Used

only for end use 1; zero otherwise.

". Maximum fraction of.single-'family home's which may switch away

from thrs equrpment class on replacement _
Replacement technclogy choice model log lmear parameter B. Used
only for.single-family homes. '
Replacement technology choice model bias parameter;Used only for
single family hc‘mes. ‘

Unique name for each equipment class. -

Residential Technology Equipment Type Description File .

Definition:
Units:
Source:
File:

Comments:

Technology choice parameters for types of equlpment

See dlscussmn of mdlwdual varlables below

FTECH.WBI1
RTEKTY. o )
Each of the 166 lines of this data file gives the important user-

modifiable parameters for one equipment type. Used b\} the RDM for

-allocating equlpment choice among the individual equrpment types.

Variable Descrlptlons

RTTYENDU,,

End Use number as in RTEKCL. Matches RTCLENDU in the RTEKCL

Energy Information Administration - )
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RTTYEQCL,,

RTEQTYPE,

RTIMITYR,,

RTLASTYR,,

RTTYPNTR,,

RTEQEFF,,

A-10

file.
" Equipment class for this equipment type. MUST. match a class
' ‘number, RTCLEQCL,,, in the RTEKCL file.

N L o T U A,

\

Equxpment type number Each equrpment class may mclude multiple
types Each equrpment type may have up to one record for each year
of the forecast period. DO NOT overlap years.. .The user may. add
equ_rpment types to exnstmg classes. When adding new types, update
the type numbers for the rest of that end use; also, adjust the
-RTTYPNTl-'l pointer for cooliné and the RTCLTYPT pointer in the.

"RTEKCL file for heating. If adding heat pump types, add same type

to both space heating ‘and space coollng and adjust pointers.
lnltlal calendar year for this model of this equipment type. The first
" RTINITYR,, for a model within a type should be the NEMS base year

(1993); sobsequent initialt years for a- model must be previous

" RTLASTYR, +1.
" Last calendar year for this model of this equipment type. Must greater
. than or equal to RTINITYR,, for this model; final RTLASTYR,,S should '

be the last year ofhth'e forecast period (2015).-

Required polnter from cooling heat pump type to same type of

' heating heat pump. Also used as a flag to mark room air conditioners

and central air condltloners Used by end use 2 only; zero otherwrse
‘Modify as follows only if heat pumps added
-1 = Room air conditioner
'0 = Ceniral air conditioner (not heat pump)
Other Integer = Matching heater heat pump type number -

Defined differently for dlfferent end uses:

I end use = 1,2,3,5: Equnpment type effrcrency (AFUE COP, etc.).

lf end use = 4,6, 7 Energy consumption for prototyplcal models

(e.g., annual Kwh consumption for 15 cu ft refrigerators).
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RTEQCOST,,
RTRECOST,,

" RTMATURE,,

RTCOSTP1

RTCOSTP2,,

RTCOSTP3,,

RTECBTAT,,

RTECBTAZ2,,

\ Installed wholesale capital cost in $1 991 per: unrt for new homes.

Retall capital cost in $1990 per umt for replacements

' Technology maturity descrlptlon

‘MATURE’ = No further cost reductions expected; use above
constants for rnstalled wholesale and retail capital costs.

‘ADOLESCENT’ = Main cost reductions occurred before base year
(1992); function EQCOST reduces installed wholesale and retail

capital cost with 1992 (or first year of‘ayailability) as the inflection

point.

‘INFANT’ = All cost reductions expected after first year of
availability; function EQCOST reduces installed wholesale and retail :
capital cost with the inflection point in the future.

If ‘'MATURE’ technology, not used.

. If'ADOLESCENT’ technology, representatrve year cost decllne began

(y, in code). ‘
If ’lNFANT' technology, year of inflection of cost trend (y; in code). '
If ‘MATURE' technology, not used. ‘ |
if ’ADOLESCENT' “or ‘INFANT’ technology, logrstrc curve shape
parameter (gamma in code).

If ‘"MATURE’ technology, not used.

If ‘ADOLESCENT’ technology, total possible proportional decline in
equipment cost from Yo onward (d in code)

If ‘INFANT’ technology, total ‘possible proportional declrne in

equipment cost from-y, onward (d in code).

" If end use = 1,2,3,5,6,7: Efficiency choice: model log- lmear

parameter B,, weights’ caprtal cost. _

If end use = - 4: Share for this stoye type. Shares within a class and
year must. add to 1 00

If end use = 1 2 3,5,6,7: Efficiency chorce model log- linear
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RTECBTA3,,

RTECBIAS,, -

RTTYNAME,,

parameter Bz, welghts fuel cost.

If end use = 4: Not used; place holder value required.

’ lf end use = 123567 Eff|c1ency choice model log-linear
‘parameter [3’3, weights life cycle cost.

.' If end use = 4: Not used; place holder value requlred

lf end use = 1, 23 5,6, 7- Effrclency choice model, consumer

preference log -linear parameter, fits current market shares to

- shipment data.

If end use = 4: Not used; place h'older value reouired
Unique name for each equipment type.. Do not modify existing names.

Add unique names for new types.

Mlscellaneous Res:dentral Module Inputs

Definition:

Units: - .
Source:
" File:

Comments:

Variables:
HDR,
EH 1893,r,r

RACSAT,,

CACSAT,,

CACPR,

A-12

This flle supplies a number of tables that define parameters for the

‘ RDM. Each of the tables is discussed individually below.

Discussed for each variable.’

User Options.

" RMISC.
. These tables are all read line-by-'line in the logic of the RDM. The

shape of eaoh is read by the logic that reads the data.

Housing Dernolition Rates by Building Type‘
Existing Houses in 1993 by Burldlng Type and Census Division (Wlth

" Totals).

Room Air Conditioner Saturation Level by Building Type and Census
Division. . '

New Central Arr Conditioner Saturatlon Level by Burldmg Type‘and
Census Division.

Central A/C Penetration Rlate by Census Division (1.+x).
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FRZSAT,,
'ELDRYPR,,

GSL,,,
SLSHR,,
NEWSLSHR,
RENSHR,

SHTSHR, ;.
NHSHELL ;95

NCSHELL 155, .

HDDADJ,,
CDDADJ,,
- EPWINPCT,

NEWDRYSAT,,,

. RPINSCOST,

eg,egsw
- eg to equrpment class egsw when equrpment is replaced.

. New Home Freezer Saturatron Level by Burldlng Type and Census

Division. -

~ Electric Dryer Penetration Rate by Building Type and Census Division

(1.+ x / 20.). ,

Gas Switching Limits for Space Heeters by Equipm'enf Class and
Census Division. _

Solar Water Heating Share by Census Division.

New Solar Water Heating Share by Census Division.

_ Share of Total Photovoltaic Electricity Consumption Allocated to each

Census Division.

Secondary Heating Share by Fuel and Census Division. _

New Heating Shell Indices by Fuel and Census Division (First Year

Only). 7 , |

New Cooling Shell Indices by Census Division (First Year Only).

Heating Degree Days by Census Division and Year (1 997 is 1997 on).

Cooling Degree Days by Censue Division and Year (1997 is 1997 on).

Fraction of Existing Houses Affected by Window Labeling by Year.
New. Dry;er Satur’ation By Type (Gas, Eleetric)

Installation cost associated ‘with swntchmg from equrpment class

Energy Irrformation Administration
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Appendix B: Detailed Mathematical Description
This appendix presents the detailed calculations used in each of the module

components. Table 1 shovyis the correspondence between each of the subscripts in

the doc_umentation' and the subscripts in the FORTRAN source code. '

Please note the following conventions: -

® The table of subscript's includes all of the major usages. In some-minor instances,

additfonal subscripts are defined as needed.

® The equations follow the logic of the FORTRAN code very closely to facilitate an

Table 1. Definitions of Subscripts

Subscript in
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 PREVYR, CURIYR-1 )
eg . EQC, equipment class # within

an end use (e.g., 1 - 11 for heat)
RECCL, equipment class # from
. . all end uses (cuirently 1 - 27)
egsw EQCSW, equipment class #

within an end use to switch to
RECCLSW, equipment class #

B from all end uses to switch to

es : EQT, equipment type # within an
end use (e.g., 1 - 26 for heat)
RECTY, equipment type # from
all end uses (currently 1 - 164)
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understanding of. the code and its structure. In seileral‘ instances, a variable
appears on both sides of an equation. Thisis @ FORTRAN programming device that
.allows a prevnous calculatlon to be updated (for example, multlplled by a factor)

and re-stored under the same variable name (i.e., in the same memory location).

- The subscript,‘ Y, in'the,documentatio_n refers tc the year 'represented as 1990
thtough 2015. In thel:F_ORTRAN code, the subscript CURIYR represents array
dimensions starting with an index o_f 1 to represent 1990. Not all arrays begin with
an array position for 1990_. Specifically, the'arrays that represent or relate to
equipfnent. added after the base year begin with- the first array position

- representing 1991 (PREVYR]), to econo‘mize on memory storage.

\ Some varlables are documented having a. “y" dlmenswn when in fact they do not.
The most common instances are for the vanables, LFCY OPCOST, SA, SHARESN
and SHARESR. These variables are calculated on an annual basis, but are retained
c;nly for the current year. The “‘y"’ dimension is used in the documentation to
hlghllght 1) that the calculatlons do vary by year, and 2) to. indicate 'the current

year in formulas to avoid confusion.

Summa’aons over all relevant variables are usually written WIthout upper and lower

range limits on the summatlon sugns
‘ Unless otherwise stated, the range of y for an equation is 1991 through 2015.

All equation"freferences in this appendix are in parentheses and correspond to

equation numbers in this appendix only.

Variable and parameter names in Appendix B match those fcund in the FORTRAN

source code.
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Classification

The RDM regafds the residential sector as a consumer of energy. It hasiclassif'ied this
consumption into a series of end uses that represent the various ways in which
energy is used by households. The end uses are defined within the logic of the RDM,
and determine the 6rganiza’tion of the data found the input data files difscussed‘ in this

document. At present, the following end uses are covered, in the order shown:

1. Space Heating

2. Space Cooling

3. Water Heating

4. Cooking

5. Clothes Drying

6. Food Refrigeration
7; Food Freézing \
8. Lighting |

9. Other Appliances
10. Secondary Heating

Further, the RDM assumes that a series of broad equipment classes are available to .
satisfy the demands(within the énd uses. Using input Hata files, the user can modify
rthe definitions df equipfnent classes available for each of the first seven end uses
(Lighting and Other Appliances are at present handled by the logic of the RDM, as
described later in this appendix). In general, the equipment classes are each used to
satisfy a particular end use. However, there are a few céses where one class of
equipment (heat pur:nps, for e>'<a_mp\le) satisfies more than one end use, or where the
availability of one class of equipment ma‘kers.ahothef class more likely (é\gas furnace
is frequently éccompanied by a gas water heater and a gas cookstove). The file
RTEKCL (Residential Technology Classes), which is outlined below, defines 27

Energy lnformatidn Adminstration
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equipment classes. -

Each equipmient class can be satisfied by-a variety of specific equipment types that
each have their own technologiCal characteristics,‘such 'as efii_ciency, cost, and year
when the technology is expected to \become available or to b'ecorhe superannuated..
Examples of equnpment types would be the array of available gas furnaces, the more
expensnve ‘of which tend to have higher efﬁcnencies The RDM does not attempt to
' represent all manufacturers products, but rather defines broad types that are similar
to one another i |n their technological characteristics. The user has the ability to‘define
and rnodify the definitions_of these ’equipment types, by modifying the file RTEK‘T.Y

(Residential Technology Types), which is alsc outlined below.

Each equrpment type can be assrgned dlfferent characteristics during different ranges

of years 'Each of these time-related galaxies of characteristics is sometimes referred

" . to.as an equipment »model of the given equipment type.

These_concepts, of equipment classes that can be satisfiecl by a number of different
equiprnent types that each contain several models, underlie the entire discussion of
- this manual. In earlier editions of the documentation these two classnfications were’
_referred to as ‘general equipment type (equrpment class), and specific equ:pment type
A(equnpment type). These names survive in the subscripts assigned to the two concepts
thropghout the document, eg and es, respectively In order to reinforce the difference,_
we often add the modifier spec:f/c to the term equipment type, but we have avoided

the use of the word general in relation to equipment classes.

B Other RDM files define the characteristics of the mix of appliances that are’in use in
the base year, including relative numbers installed, efficiencies, and the rates at which

they are expected to be replaced.

- Energy lnformation Adminstration
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RTEKCL: Technology Classes
Within the present structdre of the Residential Demand Moddle, there are 27 defined
technology classes. These are listed in Table 2. Here, Refrigeration and Freezmg each
have a single technology class for all installed equ:pment The list is not exhaustive,
in that'there do exist, for example, a few homes that heat their domestic water with
wood; the vast majority of equipment used td‘satisfy the seven major end uses can
be fitted into at least one class. Recall that, as mentioned ébové, Lighting and Other
. Appliénces are har{dled separately within the logic of thq RDM. Seventeen variables,
described below, are read from the RTEKCL data file. )
RTCLENDU,,: End use number. Equibment classes having the same end use
| " compete ”with one another. The RDM allocates equipment among
them in the technology choice process.'

1=Space Heating
' 2=Space Cooling
. 3=Water Heating
" " 4=Cooking
~ 5=Clothes Drying
6 =Food Refrigeration
7 =Food Freezing -

Matches RTTYENDU,, in the RTEKTY file.

Table 2. RDM Technology Classes.

Space Heating . Space Cooling 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
Kerosene Forced Air Natural Gas Heat Pumps Drying o
LPG Forced Air ‘ Natural Gas _ ,
Distillate Forced Air ~ Water Heating Electric -

" Distillate Radiators - Natural Gas -
Wood Heaters _ Electric Refrigeration
Geothermal Heat Pumps Distillate Oil \

Natural Gas Heat Pumps LPG : Freezing

Energy Information Adminstration .
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RTCLEQCL,;

RTCLTYPT,,:

~

RTCLPNTR,,;:

T

RTCLREPL,q:

B-6

Equipment . class  number. Appears _ on all records. Matches
RTTYEQCL,, in the RTEKTY file for one or more equipment types:

~ there are one or more equipment tyces in RTEKTY for each class in
.RTEKCL ' '

Required pointer from eqmpment class toa representatlve equnpment

* type. This is the only pointer from RTEKCL to RTEKTY. Selects the

equipment type used in the log-linear formula for choice of equipment .
class for newly constructed' housing.units and replacements in single-
farrlil\r houses. lIts value is the. RTEQTYPE,, in RTEKTY of the
representative equnpment ,

Class pomter Requ:red for end uses 1 through 3; zero otherwise.

If end use = 1: Requrred pornter from space heater .class to
associated water heater class Ilnkmg water heater fuel choice to
space heater fuel choice for'newly constructed housing units.

If end use = 2: Requnred pointer from coolmg heat pump class to .
same class of heatmg heat pump. '

0 = Not'a heat pump
Integer = Heater heat pun’ip class numb_er'
If end use = 3: Required Vpointer from water heater class to rﬁatching
: cooking ‘clas,s linking cooking fuel,choi_ce” to water heater fuel
choice for newly constructed housing.units. Also see RTCLREPL
’\en,d use 3 below; only natural gas water ~heaters may point to 2
types of ccokstoves.- - ' '

Replacer'r:ent class. Required for end uses 1 and 3; zero otherwise.

If end use = 1: Flag for replacrng the existing space heater class with
"a natural gas forced air space heater at retlrement (subject to
‘switching limits described under GSL).

lf end use = 3: S\eccnd pointer from natural gas water heater class

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

: Energy Information Adminstration
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RTFUEL,:

RTMAJORF,:

RTBASEFF,;

RTALPHA,:
RTMINLIF,;

RTMAXLIF,,:
RTFCBETA,,:

* RTFCBIAS,:
RTSWFACT,;
RTSWBETA,,:

RTSWBIAS,:

-with natural gas water heaters have natural gas stoves and 35% _
have electric stoves.
Fuel used by this equment

1 =Distillate

2=LPG

3 =Natural Gas

4 =Electricity {(wood priced to electricity)
5=Kerosene

Major fuel flag. Used only for end use 1} zero otherwise. Space
heater shares for)systeme using major fuels are calculafed differently
from space heater shares for systems using minor fuels. Set to 1 to '
indicate a major fuel. Set_;co 0 to indicate a minor fuel.

Base efficiency for -this equip'ment class. Defined differently by end
uses: . _

End uses 1,2,3,5: base efficiency for this equipment class.

End uses 4,6,’7: 1 / base efficiency for this equipment cless.

Equipment life a.

Minimum life of this equipment class (years).,

Maximum Ilfe of this equ:pment class (years)

New home heating technology choice model log-linear parameter B.

~ Used only for end use 1; zero otherwise.

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

Maximum fractibn of single-family homes which may switch away
from this equ;pment class on replacement

Replacement technology choice model log-linear parameter B Used -
only for single-family homes. ’

Replacement technology choice model bias parameter. Used only for

& single family homes.
- RTCLNAME,,:

Unique name for each equipment class.
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. RTEKTY: Technology Types : _ ; :

Within each of the equrpment classes defmed in the RTEKCL flle, the ReS|dent|al
Demand Module accepts one or more types of equipment. The module chooses among
the equ:pment types accordlng to énergy costs, equipment costs, and the relative
efficiencies of the available types The RTEKTY file contains the data used by the
model for selecting which of the types -are used. In general, the mo‘d,ule does rot
exclusively select one of the alternatives available within a class, but rather changes
the proportions of each type acccrding to its- evaluation of the equipment'

characteristics.

The charactenstlcs of each equipment type can change over tlme, so the RTEKTY file
allows more than oneset of characteristics for each equipment type. These are called
models, and are tagged with the starting and endlng year to whlch they are apphcable :

. Eighteen variables, described below, are read from the RTE_KTY file:

RTTYENDU,: - End Use number as in RTEKCL. Matches RTCLENDU in the
. . RTEKCL file. o
RTTYEQCL,: Equipment class for this equipment type. MUST match a class
" number, RTCLEQCL,,, in the RTEKCL file.
: 'éTEOTYPEes: Equipment type number. Each equipment -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 equipment types to exrstmg classes. When adding
new types, update the type numbers for the rest of that end use,
“also, adjust the RTTYPNTR. pointer for coollng andthe RTCLTYPT ‘
" pointer in the RTEKCL file for heatlng If adding heat pump types, ‘~
add same type to both space heatlng and space coollng and adjust )
o pointers. , :
RTI}VITYRes: ‘_ Initial calendar year for this model of this equipment_ type. The

: - Energy lnformatlon Admlnstratlon , -
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RTLASTYR,:

.RTTYPNTR,:

. RTEQEFF,:

RTEQCOST,:
RTRECOST,:
RTMATURE,

. first RTINITYR,, for a model within a type should be the NEMS
base year (1993); subsequent initial years for a model must be
previous RTLASTYR, + 1. A
Last calendar year for this. model of this equipment type. Must
greater than or equal to RTINITYR,, for this model; final
RTLASTYR, should be the last year of the forecast period (201 5).

- Required pointer from coohng heat pump type to same type of
heating heat pump. Also’ ‘'used as a flag to mark room air
conditioners and central air conditioners. Used by end use 2 only;
zero otherwise. Modify as follows only if heat pump types added:

-1 = Room air conditioner ) '
0 = Central air conditioner (not heat pump)
Other lntéger = Matching heater heat pump type number

Defined-differently for different end uses:

'If end use = 1 2,3,5: Equxpment type efﬁcnency (AFUE COP etc. )

If end use = 4,6,7. Energy consumption for prototypxcal models

" (e.g., anm,]al Kwh consumption for 15 cu ft refrigerators).

.Installed whdlesale capital cost in $1991 per unit for new homes.

Retail capital cost in $1990 per unit for replacements.
Technology maturity descnptlon o
‘MATURE’ = No further cost reductions expected; use above

constants for installed wholesale and retall capital costs.

‘ADOLESCENT’ = Main cost reductions occurred before base year-

(1992); function EQCOST reduces installed wholesale and. retail
capital cost with- 1992 (or first year of availabi]ity) as the inflection
point. '

‘INFANT’ = All cost reductions expected after first s:lear of
availability; function/EOCOST reduces insfcalled wholesale and retail

capital .cost with the inflection point in the future.
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.. RTCOSTP1,:

RTCOSTP2,:

RTECBTAT:

RTECBTA2,:
RTECBTA3,:

RTECBIAS,:

RTTYNAME,:

B-10.

If 'MATURE’ technology, not used.

_If "ADOLESCENT' technology, representatlve year cost decllne began

(y, in code) . ) _
If ‘INFANT’ technology, year of inflection of cost trend (yo in code)
If 'MATURE" technology, not used. -

If “ADOLESCENT’ or ‘INFANT’ technology, loglstlc curve shape

, parameter (gamma in code).
RTCOSTP3,;:

If ‘MATURE’ technology, not used.
If ‘ADOLESCENT" technology, total possible proportlonal decline in

 equipment cost from Yo onward (d in code)."

If ‘INFANT’ technology, total possible proportlonal declme in
equipment cost from y, onward (d in code).

If end use .= '1,2,3,5,6,7: Efflmency choice ‘model log -linear
parameter 51, weights capital cost. ,

If end use = 4: Share for this stove type. Shares yvithin a class and

~ year must add to 1.00.

if end use = 1,2,3,5,6,7: EfflClency choice model log lmear
parameter B,, welghts fuel cost. ,

If end use = 4: Not used; place holder value reqmred

If end use = 1,2,3,5,6,7: Efflc1ency choice model log-linear
parameter B;, weights life cycle cost.

If end use = 4: Not used; place holder value required.

If end use = 1,2,3,5,6,7: Efficiency choice model, coneumer
preference log;linear parameter; fits current marketlshares to
shipment data. | - '

If end use = 4: Not used; place holder value required.

Unique name for each equipment type Do not modlfy exrstlng names.

_Add unique names for new types

Energy Information Adminstration :
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1

Equipment Survival, Housing Survival, and Housing Additions

SVRTE (Equipment Survival Function)

SVRTE is a function in the FORTRAN sense. It is a subprogram that can be called with

arguments and returns a single value as its result. The survival rate- function is a

" simple piecewise_linear decline, as shown in the picture. Its mathematical description

is as follows: =~ ' .

1

SVRIE, ., =1 iy, o
m,, w70 Pl (q)
SVRIE, , =1 -%‘“—- + otherwise
. , 0 Lmia l;\lx ) t
where,
SVRTE,,; )

is the proportion of surviving equipment after time ¢,
' is the age of the equipment in years,
L. - is the minimum equipment lifetime in years, ‘and

max is the maximum equipment lifetime in years.

" Note that function calls to SVRTE in the FORTRAN code include a *’place holder’’ as
the first parameter. .However, the first parameter is currently not used in the
calculations. Since it is not used in the definition of the function in Equation Figure 1,

it is not noted explicitly in the remainder of this documentation.

EXHSE (Existing Housing Demolition Rate Component)
Housing units are removed from the stock at a constant rate over time. The demolition

rates for the h@usehold types (HDR,,)_ are as follows:

Single-Family Homes: HDR, = 0.997

Energy Information Adminstration ‘
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Multifamily Homes: HDR, = 0.996
Mobile Homes: ~ HDR; = 0.966

" The surviving/ pre-1994 housing stock is defined by:
EH,,, - RECSdma . ,'ify= 1993 2)
'EH,,, = EH, 1;, x HDR, , if y > 1993

‘where, _ o .
\ EH,,; 'isthe pre-1994 .housin'g stock surviving in yeary,
‘ HDR,, -is the housing demolition rate, from rhe RMISC file.

NEWHSE (Calculate New Housing Component) V
The NEMS ‘Macroeconomic Activity Module provides forecasts of housing starts by

. Census Division for each forecast year.’

HSEADDymk ﬁ,;,’, - 1,000,000 xMC_HUSTSI,, " - (3)
HSEADD,W sty = 1,000,000 xMC_HUSTSZ,, o (4)
HSEADD yumobic homer ™ 1:000,000x MC_ SHUMBL - - (8)
‘ NH, HSEADD .t NH,_, 3» X HDR, . f, (6)

b
where, ‘ | ) ,
HSEADQ;,b,, is-the nerber of new ho_dsing‘ units constructed in the forecast
- year by housing type and Census Division,

- MC_HUS’TSI oy single family’housirrg starts (millions) by Censue Division and year,

, from the NEMS Macroeconomic Module, ‘
MC_HUSTS2,, multi-family housing starts (millions) by Census Division and year,

| from the NEMS Macroeconomic Module, '
/MC_SHUM'BL, mobile home shrpments (mllllons) by Census Division and year,
) _ from the NEMS Macroeconomlc Module,

NH, ;. is the total post-1 993 housmg units by housmg type Census

i Energy lnformatlon ‘Adminstration
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_ ~ Division and year, and _
HDR, ’ is the housing demolition rate by housing type.

EPACTWD (Calculate EPACT Window Labeling Impact Component)

First aggregafe the housing stock to the national level,

OLDHSES, = ;EH, b : . (7)
4 . .

NEWHSES, = XN, L (8)
LA

where, : .. .
'OLDHSES, is the national total of remaining pre-1994 housing. ‘
NEWHSES, is the national total of remaining post-1993 housing ac}ditions;

. ®
‘Then, calculate the EPACT window labeling impacts for both heating and cooling,

EPACTH, = EPWINPCT, x EPSAVAT - (9)
EPACTC, = EPWINPCT, x EPSAVCL - (10)
where, , .
EPACTH, is the national fractional heat savings to be expected from EPACT
window labeling standards, '
+ EPACTR, is the national fractional cooling savings to be expected from .

EPACT window labeling standards, | /
EPWINPCT, is the fraction of houses affected by window labeling standards,
, from the RMISC file, . :
EPSAVHT is the fraction of heat ihput to houses exbected to v‘be saved by

"improved window labeling, set in the program to a constant value
of .08, and ’ ‘
EPSAVCL is the fraction of cooling input to houses expected to be saved by

improved window labeling, set in the program to a constant value

: Energy Information Adminstration .
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of .03.

RDSQFT (Read. FIaorAreas)

Read the historical.and forecast data for average household area, SQRFOOT,,, , from .
the RSSQRFT file, and cal\culate the ratios, SQFTADJY bort between each area and the
base year area, SQRFOOT,;MM | ’

SOFTCALC (Calculate Average Floor Area Component)
Averages the floor areas of homes, ‘ '

Y (SQRFOOT gq3;,, % EHyggs5.) ‘ (:l 1

S FTAVG = b
| SQFTAY e oz.mars;'m1993
- Y (SQRFOOT 4435, X EH, 3 + SQRFOOT, ,, % NH,y) (12)

. SOFTAYS, - ‘bf OLDHSES, + NEWHSES,
where,\~
SQFTA VG, s the average floor aréa of houses of ‘all types, énd )
SQRFOOT,,, Iis atable of historicél and projected Hodsing floor areas, from the
| RSSQRFT file, by year, housing type and Census Division.

. RDHTREQC (Project 1993 Vintage Equipment for all End-Use Services)

This routine reads in the 1'993\ equipment'stock.for all services from external files,

then calculates surviving equipment in the pre-1994 housing stock for 1994 throﬁgh

the end of ;hé forecast. -~ | |

Fory > 1993,

| EQCESE,,,,  EQCESErgus g5, x HDR™ x (i. - EQcRET,) . -(13)

whére, : _ | . l, o )
EOCESE V696, is thé amount of surviving pre-1994 vintage equipment in pre- -

1994 houéing by housing type and Census Division,

Energy lnformatlon Adminstration
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HDR, is the Housing demolition rate by housing type, and
EQC’R'ETV,,Q' are the.annual equipment retirement fractlons for the equipment
 classes, from file RSRETO1. ’

Calculate a national total for each equipment type,

- EQSESE,,, E[EQCES m,,,xa EQCRET )] 14

where, ) _
EQSESE,, e is the numbfar.of installed appliances of eacrg equipment class.

Space Heating -

Heating Equipment, UEC and Housing Shell Accounting Scheme )

Table 3 depicts the equipment accountiﬁg methodology. For simplicity, this discussion
omits the details of the variable subscripts, wh‘ich are expla’in_ed later in this éppendix.
The equipméht accounting system partitions equipment into two major categories,
depending on the vintage of the.housing un‘it: equfpment installed in pre-1994 housing
units (houses that existed at the beginning of a model run) and equipment added to
post-1993 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 related equipment, and equipment
purchased for new construction. The categorization of equipment by housingvintage

and survnvmg/replacementtype results in six categories of equxpment that are tracked.

The equipment categories for pre-1994 housing units are:
EQCESE denotes the surviving pre-1994 eqUIpment stock in pre- -1994 housmg,
EQCSRQO represents equipment from pre-1994 housmg that has been replaced
after 1993 and still survives, and ‘

EQCRP9O0 is current-year replacement equipmeht in pre-1994 housing.

Energy Information Adminstration '
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Table 3. Heating Equipment, UEC and Housmg Shell Accountmg Scheme-

' Housing Units that Housing Units Added
- .Existed in 1993 ' , " From 1994 through 2015
- "Equipment . UEC Shell “Equipment  _UEC “Shell

EQCRP20 | EQCRUEC EHSHELL

EQCSRSO EQCAUEC EHSHELL

EQCADD | EQCNUEC NHSHELL
EQCREP |EQCNUEC AHSHELL

"EQCESE |EOCSUEC EHSHELL : ‘ S
EQCSUR |EQCAUEC AHSHELL

The equipment cétego;ies for .post-1993‘ho'using phits are: . -
EQCSUR deno'te's equipment that has been modeled as added and still survives,
EQCREP is equipment that has been modeled as added and ‘is in need of N
replacement in the current year, and ' ' |

EQCADD is equnpment for housnng units added i ln the current year

Unit energy consumpfion (UEC) is tracked according to when the equipﬁent was
added and by category of housing unit: . :
EQCUEC is the average UEC for the original pre-1'994 equipment in npre-1 994
. f;ousin'g units, ' T o :
'EQCSUEC is the average UEC for surviving equipment in pre-1994 housing units,. -
EQCAUEC is the average UEC for survividg post-1993 equipmeni in pre-1994
- housing units,
EQCRUEC is the UEC for all equipment added m the current year to replace

- . Energy Information Adminstration '
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equipment in pre- -1994 housing units, and
- EQCNUEC is the UEC for all equipment added or replaced in the current year for
"post-1993 housmg units.

Shell indices are mo’deled for.three categories of housing units:
EHSHELL i,s the shell index applicable to p,re-1 994 housing units,
AHSHELL is the.shell index applicable to housing units added in all but the current

- year, and ‘ _ ‘
NHSHELL is the shell lndex for housing units added in the current year.

For example, in accountmg for the heatmg energy consumption of surviving equipment
installed in pre-1994 housmg unlts, the equipment stock, EQCESE, would be
multiplied by the unit energy consumption, EQCUEC, and by the shell index EHSHELL.
This explanation was designed to account for, heating equipment, but the accounting
principle is used throughout the residential module. For the existing housing example
above, the appropriate spac_:e cooling variables would be m‘ultiplied' by ECSHELL. The -
shell indices apply only to heating and cooling, thus, for ex‘a‘rhple,- for refrigeration the

accounting requires only EQCESE.and EQCUEC.

EQCOS7" (Equipment Cost Function)

EQCOST is a function in the FORTRAN sense Itis a subprogram that can be called with
arguments and returns a single value as its result. EQCOST is a tlme-dependant
. function for computing the installed capital cost of equupment in new construction and
the retail replacement cost of equnpment in existing housmg it is called if the cost
trend switch COSTTRSW = 1 in COMMON RTEK (which is. the default)

mathematlcal description is as follows

Energy Information Adminstratidn ‘ .
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EQCOST,,,c,p = RIEQCOST,, ., if RIMATURE ,~MATURE

(15)

EQCOST, 2z = RIRECOST,, x;fmmm;:mmxz
EQCOST,,, 4 R‘IEQCO;ST o 27" a; (1-d) x RTEQCOST,, if RIMATURE,,=ADOLESCENT
1.[3n) . P
L o) o (16)
EQCOST,, , o= RIREC o‘fT“" 27 2. -d) x RIRECOST,, #'RIMATURE =ADOLESCENT
1+ _)"‘J’1
\Yo~1)
EQUOST,,, opp = —2C0%TeX 4., (1.0-d) x RIBQCOST,, , if RIMATURE,,~INFANT
: / 1.0 + (y-y, ’ ' _ .
" )’0'191. a K (17)
\EQCOST,, 257 = R,’REC"ST 4 | (1.0-d) x RIRECOST,, , if RTMATURE,,=INFANT
10 + ( y Y - ' |
Yo~Y1
where,

EOCOSTesmype is tlme-dependant lnstalled capltal cost of equipment in new

" ctype

RTMATURE,,

RTEQCOST,,

B-18

constructron or the retail replacement cost of equipment in

existing housrng,

tells function type of equipment cost to return,

" CAP =
RET =

Return installed capital cost ln new constructlon,

Return retail replacement__cost in_ existing housing,

Technology maturity descnptlon,

MATURE = No further equrpment cost reductions expected
ADOLESCENT = Major cost reductions occurred before base

year,

INFANT = All cost reductions expected after first year

available,

Installed wholesale capital cost in $1991 per unit for new homes,

* remains constant for MATURE technologies only (used when if '
ctype=CAP), o '

" Energy Information Adminstration
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RTRECQST‘,; Retail capital coét in $1990 per unit for replacerhents, remains .
constant for MATURE technologies only  (used when “if
ctype=RET, ' )
Yo is the year of inflection of cost trend,
RTINITYR,, if ADOLESCENT, -
RTCOSTP1,, if INFANT, '

Yy _is the year cost gjééline began,
RTCOSTP1,, if ADOLESCENT,
RTINITYR,, if INFANT, ,

'd ' . is the total possible proportion_al d'ecline‘in equipment cosf, |
RTCOSTP3,, '

from y, onward if ADOLESCENT,
from y, onward if INFANT," -
¥ | is the logistic curve shape parameter, RTCOSTP2,..

RHTRTEC (Space Heating Technology Choice Component}
'Begin by calculating a factor that adjusts for biased temperatures in either the'bas'e

year or in the year under consideration, in each region,

| HDDFACT, = _HDDADL, ' (18)
. HDDADJygq;, ,
whére, ‘
HDDFACT, ' is a set of }egionél factors to be used in this year to adjust for

unusual temperétures either in this year 6r in the base year, and
HDDADJ,, are regional population-adjusted heating degreé—days by Census
division and historical year, with forecast years filled in with the

latest historiéal year, from the RMISC file.

Compute current year operating. costs,

Energy Information Adminstration
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OPCOST

where,

PRICES,,,,
EQCUEC,,,,

' HDDFACT,,

RTEFFAC.,,,

}'ﬁ-b."'

PRICESf,,, x EQCUE e % HDDFACT, , x RIEFFAC 19

OPCOST, ;... is the operatlng cost for the SpelelC equipment type by year,

housing type, Census Dlwsnon, and vintage, ‘
is the fuel prices. for the equment by fuel, by reglon and forecast .

year,

"is the unit energy consumption by Census Division, equipment .

class and housing type, ‘from the RSUEC1O file,

is a factor, the ratio between heating degree days inthe current(
year and in the base year, for adjustmg for abnormally’ warm
weather in either the base year or in the current year, and

is the effucnency adjustment for the general equipment class and

vmtage

Compute current year life cycle costs, for each equipment Wpe,

. LFCY, . rv - CAPITA.LQ + OI':‘COSTy '_“;bfv” x

where,
LFCY. esbv

| CA'P/TAL,,S

OPCOST, s,

"HORIZON
DISRT

B-20
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1-(1 + DISRT) FoREON] (20)
DISRT .

is the current year life cycle cost of specific equipment types by

housing type, Census Division, and vintage,

‘is the installed capital cost of the equipment by equipment type,

based on -calling function FQCOST with RTEOCOST,,S,

is' the operating cost of the equnpment type by housing type,
Census Dnvusnon, and vnntage in the forecast year,

is the number of years into the future that is used to compute the
present value of future operating cost expenditures presently set
to seven years, and , .

is the dlscount rate applied to compute the present value of future

_operatlng costs presently at 20 percent

Energy Information Admlnstratlon
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For each equipment class, a weight is calculated to estimate the market share for each
of the 11 heating systems for new .construqticin based on a log-linear fit to the cost
factors.computed above. The functional form is expressed as,

HEATSYS,, ;= ¢! RIFCBIAS,, + RIFCBETAry % LFCE, 5,00 ] T 421)

where, ' :

‘HEATSYSYMI,, - is the equipment weight for h'eating equipment types for new
housing by year, housmg typé, and Census Division, ) .

RTFCBIAS,, is a consumer preference parameter for the equipment class that
fits the current market share to historical shipment. data,

LFCY, cs.r.2 is the life. cycle cost for the equipment type by year, housmg type,

' and Census Division for new construction, and
RTFCBETAO; is a parameter value of the log-linear functlon for the equ:pment

‘class.

Summing over the equipment classes corriputes the total weight for all of the heating
equipment classes: '

" SYSTOT,,, E HEATSYS,,.;, - (22)

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

The fuel shares for all heating equipment classes are con‘iputed_by

BEATSYS '
HTYSSHR,,,,, = _m:iei g"SYSZO >0 (23)
yor - >

HTYSSHR, ,;, = 0 , otherwise

where,
HTYSSHR veqnr 1S the heating equnpment fuel shares by year, building type, and

Census Division.’
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_ For each eqmpment type within each class, a weight is calculated based on the cost

factors computed

‘,EQWINYAI’J

=.e

above. The functlonal formis expressed as,

[mzcms + RTECBTAL, x CAPITAL,, +macmz xomosrwzomzcm,xum’,mél (24)

'Eomm’_e[mms +xzmw xwmt +mmz x OPCOST, ,+mrcm33xm,,.,,21 . (25)

where,
EQWTN,,,.,,

- _EQWTéy,es,b,r
CAPITAL,,
‘OPCOS"I" m
LFCYymann

| l?TéC:BIASe;
RTECBTAT,.,

. RTECBTA2,,,
. RTECBTAS3,,

is the e:quipment weight for nel/v equipment types ‘by year,
housing type, and Census Divisicn, |

is'the equipment weight forreplacement equipment types by year,
housing type, and Census Division, | ‘

is the installed capital cost of the equipmentlby equipment type,
based on calling function EQCOST with 'RTEQCOST,,, . .

‘is the operating cost for the equxpment type by year, housmg'-
type, Census Division, and vmtage

is the life cycle cost for the equlpment type by year, housing type,

- Census Division, and vintage,

is a consumer preferenc_e: parameter that fits the ‘current market
. share to shipment data, .and T

are parameter values of the sare fit.

- Sums cvel_' the equipment ty}pes within each class give total weights for the equipment

classes:

where,

B-22

m

_ o ~
. mmm,m,- Y - EQWIN, W,, oL . (26)
eszlow eff P .

n

o

mmm, > EQMR,.«.»; | (27)

es=low ¢ff . . 'R
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l"OTEWTN vegbr IS the sum cf weights “for the new equ:pment types within
equnpment classes,
TOTEWTR,, o, is the sum of weights for the replacement equnpment types within
equlpment classes. ‘
The following calculation calibrates the Xenergy model to Census data:
HSYSSHRigg .5, = HSYSSHRyg00.005,

' " . HIYSSH
HSYSSHR, .5, = HSYSSHR,_,R o —J—SHRy

(28)

-legbr

_where,
HSYSSHR heabs are space heatlng equipment shares by year, heating equnpment
' class, housing type and Census Division, with 1993 values from'
file RHTRSHR, and ‘ '
HTYSSHR veanr 1S the heating equipment fuel shares by year, building type, and

Census Division.

Which ~is then normalizeq:

. . H:S'YSSHR, 5,
HSYSSH, Z e XEROS .
Ig‘&‘b’ EHS?.SSHR,V.«N ; : (29)
e

where,' , .-

HSYSSHR,,.,,, are now normalized.
Fuel shares for the equip_ment types within each equipment class are computed from
the equipment weights for new and replacement e.qhuipment, by the following formulas’
applied to the current equipment mcdel yeat, as specified by the equipment type date
range RTINITYR,, through RTLASTYR,,: ' | ‘
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where,

/

' TOTEWTN

__._LL .
NEQTSER,,, < TOTETN oy .#mmwmm, 0o . (30)
NEQTSHR,,;, = 0 T otherwise o
' REQTSHR, . EQWIR, sy ' if TOTEWIR, > - .
. ) . Sbr = OM ' 9 g b.r ; (31)
REQTSHR,;, = 0- _, otherwise o

NEQTSHR,, ¢4, are the fuelashares of new equ1pment types by year, housing type

, and Census Division,

REOTSHR,,,,;, are the fuel shares of replacement equnpment types by year,

' housnng type and Census Division,

ves 5, are the sums of equment welghts in each equnpment class for

, new equipment,

TQTEWTRy'ég,AI, are the sums of _equipment weights in 'e.ecn equipment class for
. _replacement equipment, | |

EQWTN, ., are the equipment welghts for new equ1pment and

EQ__VVTF:’,,,M,~ are the equnpment welghts for replacement equ1pment

The welghted average equ1pment inverse efﬁcuencnes for the equipment types within (’

_each equupment class are then computed as,
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;NEQISHIQM,, a heT (32)
WIEQCEFFN, o, __1'2?17_ , otherwise
2 mgf&m;] . -
3. REQISER s, ' ' > . (33)
o .
WIEQCEFFR, .;, = ——-Wq , otherwise | :
where,. - |
WTEQCEFFN, ¢, is the weighted average inverse efficiency of new eduipmen’i
types within each equipment clas—'sby year, housing type, and - -
o _ Census Division. o o
WTEOCEFFRy,eg,b,, is the weighted average inverse ef-fici.enci/ of replacement

equipment types within _e‘ach equipment class _by-year, housing

type, and Census Division.

HTRADD {Addition and Replacement of Spag:e Heating Equipment Component)
Compute the market shares for. heating equipment classes for both -new and
replacement equipment. For new equipment, it has already been cofnputed; for

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

Sm]@«b: = HSYSSHR, .., ) (34)
SHARESR, ., = EZ REQTSHR, .5, e ‘ .(35)
v;/here,
SHARESN,, ;.- is the current year, aggregate market share for new equipment by
equipment class, housing type and Census Division,
SHA'RESRY,W,,,' is the current year, aggregate market share for replacement
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‘ , . equipment by equipment class, housing type and Census Division,A
HSYSSHR, .., are space heating equipment shares by year, heatfng equipment
B class, housing-type and Céths Division, with 1993 valueg from

" file RHTRSHR, and | | o
_RE_QTSHRYI,, 5 are the fuel shares- of replacement equipmeﬁt..types by year,

- housing type and Census Division.

Given these markét shares, and the‘ number of hdusés qf each type Built in this year,
calculate the number of drﬁts of new equipment of each class installed in new houses,

EQCADD

 voss = HSEADD,, x SHARESN,, ,, . (36),
where, | ' . -
E(.)CA"DDM_%,,;, is ‘the' number of'pogt--1 993 vintage heating units added in new
housiqé units in the current year by equipfnent class, housing type
and C'énsus Division, ' ’ ,
HSEADD,,, is the number of new housing units constructed in the current
) year by hbusing type and Census Division, and R
. ;SHARESNy,eg,b,, are the market shares for heating equipment classes by housing
| ' type and Census Division. '
' For pre-1994 vintage houées, thére-are two categorfes of equipment: that which was
. installed before 1994 and still survives, and that which was replaced sinée 1993 ‘and

still survives. The second of these is-calculated as followé:
- ’.1 . B )
EQCSR0y55- = %(EQCMWM x SVRIE, , prymvurr, rovuxizr,, % HDRI’»-‘) (37)

where, A “ :
- EQCSRI0, ,,,, is the survivingpost-1993 vintage equipment in pre-1994 housing
units, which accounts for housing demolition and -equipment by
housing type and Census Division, o ‘ N
EQCRPQO,'eg,b,; is the number of replacement (post-1 993 vin;tage) equipment units

" Energy Information Adminstration
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. SVRTE
HDR,
y-t
RTMINLIF,,.

RTMAXLIF,,

demanded in pre -1994 housing units by housmg type and Census
DlVlSIOl‘I each year, '

is the equipment survival function,

is the housing demolition ra;ce by housing type, and ~ .
represents the age of the equnpment ;

is the equipment class mmlmum lifetime from the RTEKCL flle,
and _ .

is-the equipment class maximum lifetime from the RTEKCL file.

Survmng post-1993 equnpment onglnally purchased before - the current year as:

' addmons or replacements in post-1 993 houses, is calculated as,

 EQCSUR, s,

where,
EQCSUR,,,,,
EQCADD,,,,,
EQCREP,,,,,
SVRTE.
HDR,
y-t

RTMINLIF,,

RTMAXLIF,,

y-1

="§4[(EQCAD N,+EQCRE ress) SVME,W . RTMAXLTF,, <HDRY (38)

is the surviving post-1993 equipment purchased as additions or
replacements in post-1993 ho’uses-.by housing type and Census
Division, ‘ '

is the quantity of pds_t-1 993 vintaée equipment added to new
construction by fc_»_yecasf year, housing type and Census Division,
is the number of equipment replacements of post—1 993 equipment
in post-1993 houses, ' ‘

is the equipment survival functi,or;,

is the housing demolition rate by housing type,

represents the age of the equipment, 7
is the equipment class minimum lifetime from the RTEKCL file,
-and

is the equipment class maximum lifetime from the RTEKCL file.

For mdlti—fa.mily and mobile post-1 993 hofmes only, the amount of replacement
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equipment '(WEth no technology sWitching) required this year is

] y-1 v ) FE N .
EQCREF, 55, = . (EQCADD, ., x HDRY) - EQCSUR, 5, (39)

where, _ ’
E.QCREP,,,,,,_,,,,,,, is the number of units of equipment required to be replaced this
year in post-1993 multi-family and mobile homes by housi.ng type
and Census Division, .
EOCADDY eq.b.r is the number of units of equrpment added so far in post-1993A
-houses by housmg type and Census Division, an,d '
EQCSUR v.ea.br "“is the number of units of equipment added so far in post-1 9_93

houses that still stxrvi\_/e, by housing type and Census Division.

l, A new model feature, a techneiogy choice component, allows switching when
replacing space heaters in post-1993 (and pre-1994) ,single‘ family homes only: '_Users

may specify the fraction of h'on'ies‘which may switch aWay from a certain technology |
- by setting the values RTSWFACT in the RTEKCL data file. Retiring: values are first
calculated asin (39} and stored as OEOCREP Vieg.L.r The code then calls SUBROUTINE
,'REPLACE(EU RSYR.R,B,RECCL,1) for replacements with swntchlng in post—1993

single-family housmg where,

EU | ~ is the end use number (1 for space heatlng)

- RSYR ~ isthe calendar year,
R ° . s the census division, . o
" B ‘ ‘is the.building type (currently always 1 for single-family),
RECCL is the record number from the RTEKCL file, ‘
FLAG . s set = 1 for post-1 993 housrng '

REPLACE is described in the next section.

‘ The total amount of pre-1994 equrpment remalnlng in pre-1 994 houses is computed
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as:

EQCND9,,;, = EQCESEyggs .5, x HDR, , if y=1983 .
- o (40)

EQCND0,,,;, = EQCND90, ., x HDR;  if y>1993

| where, - ‘ '

EQCNDSO

y.eq,b,r

is the total amount of pre-1994 equipment remaining in pre-
1994','houses by year, 'eq‘uipment class, housing type and
‘ Census Division, , ‘
EQCESE 993,64,  1s the stock of equipmentin 1 993 by equipment ciass, housing
type and Census Division, '

HDR, ' is. the housing demolition rate by rhousing type.

Replacement units (post-1993) equipment required’fof pre-1994 houses in the current

year for multi-family and mobile homes are calculated as, \
EQCRP90, ;,, = EQCND0, 5., ~ EQCESE, ., - EQCSI&O,% . (41)

where, - 7 | | . .

EOCRP90;,,eg,,,,, is the number of replacement units required in the current year for
pre-1994 multi-family and rﬁobile homes by forecast year, housing
type and Census Division,

EQCNDZ0, is the total equipment required for pre-1994 houses by forecast

,eg,b,r
year, housing type and Census Division (i.e. the sum of EQCRPI0,
EQCSR90 and EQCESE), R .,

-- EQCESE, ;). is the surviving pre-1994 vintage stock of equipment in pre-1994

vintage houses by ‘forecast yéar, . housing” type and Cenéu_s
Division, and - | ' “
EQCSR90,,,,, is the forecast of surviving post-1993 vintage eqﬁipment in pre-
| ' 1994 houses. - ' .

A second call to SUBROUTINE REPLACEiEU,RSYR,R,B,RECCL,Z) allows switc_hfng to
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any,technology when replacing space h-eaters in_ pre-1 994 single family homes only.
Retiring values are first calculated as and stored as OEOC‘RPBO e 1. USErS may
specify the fraction of homes which may switch away from a certain technology by
settlng the values’ RTSWFACT in the RTEKCL data file. In the second call, FLAG =

.2 for pre-1 994 housing. the descnptlon of REPLACE follows.

REPLACE (Technology Switching Component) |
The technology swrtchmg component allows switching when replacing space heaters,
heat pump air condrtloners, water’ heaters, stoves, and clothes dryers (EU = 1 2,3,
4,5, respectlvely) in smgle-famlly housing (B = 1). When called with FLAG =1, the
subroutine calculates replacements in post~1 993 housmg and the local varlable
'RETIRED is set-as follows: \

RETIRED, ,, = OEQCREP, ;. ‘~ (42)

where,
OEOCREP

es.1.,- IS calculated as in (39) for all end uses.

When called wrth FLAG = 2, the subroutme calculates replacements in pre-1994

smgle-famlly housmg and the Iocal variable RETIRED is set as follows
: RE'HREDWJ., orzocms&om,,r o - {43)
where,_

OEQCRP30,,.,

. .is calculated as in (41).

The number of homes that may swrtch in each equment class is calculated as,

RP, SmREy.cxmb.r

(mwaus +mswam,,,x(ua,_,,,, CAPITAL py +xmzz + RPINSCOST . e )| (44)

Sum to find the total number of switches.
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egsw=11 _ ' :
TOTSH,,, = g}g{ RPSHARE, ..., _ (45)

" Finally, divide the number of switches in ea_chreqqipment class by the total number
of switches (if > 0) to calculate the share of replacement equipment which may

_switch..

RPSHARE ' ) .
RPSMRE?WJI TOTSE N » if TOISH, .b.r>° . (46)
Yor .

RPSHARE, ..., = 0 : , Otherwise

where,
, RPSHAREy,egsw, br . is the number that will switch to eqeipmentfclass egsw on
' replacement by year, housing type, and Census Division,
RPSHARE, cysus, s the share that will switch to equrpment class egsw‘on a
S ’replacement by year, housrng type, and Census DlVlSlon,
RTSWBIAS, ., is the consumer preference parameter for switching to this
equrpment class, .
RTSWBETAegs,,, is the parameter valrJe for the same fit, .
I.FCY Viessw,brv is the life-'cycile cost of the equipment type switching to (essw)
by year, building type, region, and vintage, _
CAPITAL,,,, _ is the installed capital cest' of the equipment which is
' | subtracted from the lifecycle c'ost for repiacements, based on
calling function EQCOST with’ RTEOCOST,,,;‘W,
RETAIL .., - is the retail equipment type cest which is added to the lifecycle
cost for replacements, based'on calling function EQC‘OSTwith'
RTRECOST,.,, | |
RPINSCOSTeg egsw 1S the cost of switcﬁing from eqi.ripmen't class eg to egsw on

switching, and

TOTSH,,, is the total number of homes that will switch space heater
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technologies.

Replacernent units (post-1 993) equipment required for pre-1 994 homes in the current

year for srngle-famlly homes where swntchmg is allowed are calculated as,

EQCRP0, prp5.s -3 .q.b.r*RP SHAREym.b.r*RP SWFACT,, . (47)
g

where, ; o .
EQCRPI0, oy, 'is the number of replacement units required for single-family ‘
o pre-1994 houses by forecast year, housing type and Census
‘ Division, - ‘ ' ‘ T

RET/RED,,,,g,,,,, ~is calculated as in (43), by forecast year, housing type and :

~ Census Division, o . ,
RPSHARE, cqsu,b.r " is' the share that will" syvitch equ‘ip'ment class (egsw) on
‘ - replacement by year, housing type, and Census Di\iision, and

RTSWFACTeg is the fraction who may switch from equipment class eg.
Replacement units (post-1993) equrpment requnred for pre-1994 homes in the current

"year for snngle—famlly homes where swntchmg is not allowed are calculated as,

EQCRP0, ., = ): REHRE m,,,*( 1 - RPSWFACT,) ' (48).
where, ‘
EOCRPQONQ br is the number of replacement units required for single-family
pre- 1994 houses by forecast year, housing type and Census
, Division,
RETIREDy,eg,,, r is calculated as ln l43), by forecast year, housnng type and

: ) Census Division,
'7-RTSWFACTeg . is the fraction who may not switch from equipment class eg.

Ay
S
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For replacement units, (post 1993) equipment’ required for post-1993 singlel family

homes in the current year technology switching is allowed. The share of replacement _

equipment which may switch is calé_ulated as in (44) through (46).

Replacement units (post-1993) equipment required for post-1993 homes in the current

year for single-family homes where switching is allowed are calculated as,

EQCREP, 1y, p, = g;w RETIRED,,, ;,*RP SmREy.c'::wrb.r*RP SWFACT,, ' _{49)
where, .
EQCREP,, egoup,r is the number of replacement units required for single-family
post-1993 houses .by forecast year, housing type and Census
'Division,
veabr is calculated as in (43), by forecast year, housing tyée and

RETIRED

’ ' Census Division,
RPSHARE, ¢4ss, is the shére that will switch equipment class (egsw) on
replacement by year, housing type, and Census Divisior;, and

RTSWFACT,,  is the fraction who may switch from equipment class eg.

Réplacement units (post-1993) equipment requi.red for post-1993 homesiin the current

year for single-family homes where switching is not allowed are calculated as,

EQCREP,,;, = § RETIRED,,,, . *(1 - RPSWFACT,). .. (50)
where, , _
EdCREP” eq.b,r is the number of replacemént.l'mit_s required for single-family
poét-.1 993 houses by forecast year, Housing type and Cens'us ‘
| Division, ~ | '
RETIRED,, ;. is calculated as in (42), by forécast year, housing type and

Census Division, ‘ ,
1-RTSWFACT,, s 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 indices to capture the increases in the energy
efﬂcnency of building shells over time. One mdex corresponds to the pre-1 994 housing
stock, and two indices correspond to the’ post-1 993 stock ‘one for housing

' constructed m the current year and the other for the average post-1993 stock. The -

shell indices are adjusted each year to account for fuel price increases (decreases have

no effect on shell mtegrity, i.e., shell efficrency increases as price increases) and

- technology improvements.

An important part of shell integrity is the quality of windows. In the Energy Policy Act,
there are regulatrons that requrre that all new wrndows be labeled with an iindex that
describes therr msulation properties. These regulations will be phased inovera perlod
of years, beginning in 1995. The residential module evaluates the’ impacts of these -
regulations "by means of an annual input variable, EPWINPCT that gives the
proportlon of existing houses expected to be subject to window labeling. This
quantity, when multiplied by the fraction of heat savings expected to be afforded by
‘labeled windows, currently set at .08, gives the expected savings rate due to window
labeling, EPACTH,, shown above in the section entitled EPACTWD, on page B-13.

Space heating. equipment choice b’egins with the calculation of a factor that adjusts'
for biased temperatures in elther the base year or in the year under consrderation, in
- each reglon, o
HDDFACT, = _HDDADI,, : ‘ (51)
, iy HDDADJ 5o, :
“where, '
HDDFACT, isa set of regional factors to be used in this year to adjust for
) abnormal temperatures either in thls year or in the base year, and
HDDADJ,,  are reglonal population-adjusted heating degree-days by Census

\ - division and historical year, with forecast years filled in with the
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latesj: historical year, from the RMISC file.

It then calculates the average efficiency of all 1993 heating equipment, -

. EQSESE,,, : EQSESE, , ‘
- -11. - D Zyer vlee  (B2)
RTBASEFF,,, [mms EFF, 1 .y ( 1 ——J—EQS&S'E,_,“ JxEQCEFI';_m) x. FOSESE,. (

where,’ . _

RTBASEFF,,, isthe stock average efficiency for the rerﬁaiﬁing 1993 equipment,

EQSESE, .is the remaining unretired stock of 1993"heating equipmeht, ~by\

' ‘ year ‘and equipment class, and ‘ ' .

EQCEFF, is the average efficiency of equipment reﬁrec‘l. in each year, from
the RSEFFO1 file. . R .

The.next step in the component calculates the percentage price change for all heating
fuels as, - '

PRICES;,, - PRICES 100 1 " (53)
. PRICE?f,Jm . PSTEP

PRIDELTA,, =

whefe; ..
PRIDELTA,, is ,thé_ percentage change in price from thé base year by fuel and
’ Census Division converted ‘to 5 percentége point increments}_

PSTEP * is a constant that is set to 0.05 to convert the percentage change
in fuel price to the number of 5 percentage point increments of
price change, '

PRICES,,, is the fuel price by fuel, Census Division and year, and

PRICES,, ;995 is the 1993 (base year) fuel price by fuel and Census Division.

The existing housing heating shell index is calculated as,

3
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EHSHELL ,, = EHSHELL,_, PR - , if EHSHELL,;, > EHSHELL, 1,

| EHSHELL, =

s #EHSHEIL:’J, > LIMIT ' ' (54)

EHSHELLM, = (1. - PRIDELTA,, x SSTEP) x TECHG; =

where,

EHSHELL,,,

LIMIT

1

- SSTEP -
TECHG,

EPACTH,

x (1. - EPACTH, ;) , otherwise -

is the heating shell integrity index for existing housing by year,
fuel and Census Division (the lower the value of the index, the
greater'the shell efficiency), ‘ \

lirnits the maximum shell index efficiency to 0.6 (i.e., _rnaximu’m;

" . shell efficiency is limited to being 40 percent \mdr.e efficient than

the base year value), =~ _
is set to 0.01 and is a t:omponent of the shell elasticity with
respect to heatmg fuel price,

is a parameter representing the annual.increase in -existing shell

* integrity due to technology |mprovements, and

is the projected national fractional savings on heating ‘energy
consumptlon from the EPACT wmdow labehng programi in year Y,
from the RMISC flle '

’

PSTEP converts the ‘pe,rcentage chanée in price to the number of 5 percentage point

increments of price change in Equation (53). In equation (54), PRIDELTA is multiplied

- by SSTEP and converted to the shell éfficiency index. Every 5 percentage point

mcrease in fuel pnce relative to the base year results in a shell efficiency index

'decrease of 1 percentage pomt of the base year shell efficiency up to the limit of 0.6.

- For convenience, the heating consumption subroutine aiso computes the cooling shell ’

integrity index, which is not a function of fuel,as almost all cooling is electric:

' Bisé_
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ECSHELL,, = ECSHELL , .;fzé‘sma,, > ECSHELL ,,
ECSHELL,, = LIIT - , if ECSHELL,, > LIMIT - (55)
ECSHELL , = (1. - PRIDELTA,;,,xSSTEP) x TECHG,
x(1. = EPACTC, ;) , otherwise
where, ‘ | ) :
ECSHELLY,, is the cooling shell integrity index for e*isting housing by year and
\ Census Division (the lower the value of the index, the greater the
shell .effi_cfency), and ' : , _
EPACTC, is the orojected national fractional savings on cooliné energy
consumption from the EPACT window labeling programin year y,
from the RMISC flle

The lower limit, LIMIT, the elastlmty, SSTEP, and the technology change TECHG are

the same for coollng as for heating.

The new housing heating and cooling shell indices are calculated as,

NHSHELL,,,. = NHSHELL,,. .. if NESHELL, > NHSHELL , .
NHSHELL,,, = LIMIT | - if NHSHELL,,, < LIMIT (56)
NHSHELL,,, = NHSHELLyg,,, - (y-1). x TECHG, g
+ PRIDELTA,, % SSTEP , otherwise ‘
NCSHELL,, =NCSHELL_,, ., if NCSHELL,, > NCSHELL ,,
NCSHELL,, = LIMIT | ., if NCSHELL, < LIMIT 57
NCSHELL,, = NCSHELLyggq, - (y-1) x TECHG, ,
+ PRIDELTA,,,, x SSTEP.  , otherwise:

where,

NHSHELL,,, is the new housing units shell integrity index for heating by year,

fuel and Census Division,,
NCSHELL,, is the new housing units shell integrity index for cooling by ‘year

and Census Division, -
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TECHG, . is a parameter representing the annual'increase in new shell
, integrity due to technology improvements,
,PRIDELTA,,, " isthe percent change in price of the fuel ‘by Census Division in 5
percentage pomt increments, and - '
SSTEP is set to 0.01 and is a component of the shell elasticity with
" respect to heating fuel price. '
Note here that the ,EP'AC.ZT' window labeling standards are assumed to apply only to

existing homes, not to new ones.

The average post—1993 housrng shell indices are calculated as a welghted average

~across all burldmg types and vnntages,
EE NHSHELL ,xEQc.wD S
ans +ABSHELLy 2, (EQCREFs 05, EQCSUR, 55/ . (58)
NS Z‘E [EQCADD, ., + EQCREF, mﬂocsvxm, :

where, . : ‘ : L _
AHSHELL,,,, is 'the _average post-1993 heating sh‘ell index by -year, -fuel and
‘Census Division, equal to 1'in 1993, ,
NHSHELL,,, is the new housing units shell integrity index.by year, fuel and
‘ " Census Division, | ‘ '

EQCADD is the number of equrpment units mstalled in new construction by

y.6g.b,r
forecast year, housing type and Census Division,
EQCREP vegbr 1S the number of equipment replacements of post-1993 equnpment'
_ in post—1 993 houses, and
EQCSUR, ., s the surviving post—1 993 equrpment purchased as ‘additions or
' replacement in post-1 993 houses by forecast year, housrng type

) and Census Division.

In addition to the calculation shown above, the module places the same restrictions
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upon-AHSHELL ,, as upon NHSHELL, ., it may never increase, and it niust not fall
below LIMIT. If ever AHSHELL, is calculated to increase, its value is set to the prior
year’s value; if it falls below LIMIT, it is set equal to L/IMIT.

And for cooling:

EZ NCSHELL, xEQCADD, b _ '
+ACSHELL _ 1,X(EQCREP,'Q,5,+EQCSUR,,Q,6;) (59)

E E [EQCA'D yegbr +EQCREP "'EQCS URy.e:.b.r

ACSHELL”

where,
Division, equal to 1in 1993, and
NCSHELL,, is the new hoeusing units cooling shell integrity index by year and
Census Division.

As above, the restrictions upen ACSHEI.L,,,,,, apply to LIMIT and rate of increaee.

Unit energy consumption is next calculated for each of the vintages of homes. For

" surviving equipment in pre-1994 vintage homes,

EQCSUEC, _, , = EQCUEC e5b % HDDFACT x

RIBASEFF?“

W

where,

EQCSUEC,, et is the unit energy effrcnency of surviving equipment in pre—1994

vintage homes, by year, equipment class, housing type and
Census Division, ’
EQCUEC,,,, is the unit energy efficiency of equipment in homes that existed

in 1993, by Census Division, equipment class, and housing type,

HDDFACT,  are the regional heading degree-day adjustment factors, and

RTBASEFF,, _are the annual average efficiencies for the equiprnent classes.
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For new equ:pment : ' S

EQCNUEG, ,,, = BQCUEC - xHDDFACT " xSQFTADJ,
MEQC q'b;XMBASEFF.'m“ ’ zf WIEQC eg,b,r>0 (61)

EQCNUEC s = . BQCUEC, e ’beDDFACT xSQFTADY, ” , otherwise

’where,_‘

EQCNUEC is the unit energy\consurhption by year for new equipment for

y.6g.b,r
’ new houses by hcusing type and Census DiVision,
WTEQCEFFNy,eg,,,', is the equipment weighted averageé inverse efficiency By year,
B | equnpment class, housmg type and Census Division,
.'RTBASEI}F;,eg ~ isthe average efflcxency of the equipment class, -
_EOCU'EC,, eq.b ' is unit energy consumption for equnpment in 1993 housmg by
' ' Census Division, equ:pment class and housmg type,’
HDDFACT, ' is the heating degree day adjustment factor by Census Division
. to correct for the unusually warm weather durlng the RECS
\ survey year, and \ '
SOETADJy,b,r adjusts for the |ncr’ea'sing averaée floor area’.of new homes, as:

compared with the RECS base year.

Replacement equipment UEC values are calculated as:

EQCRUEC,,,;, = EQCUEC,,,; x WIEQCEFFR, ., _
x RTBASEFFgg; . x HDDFACT, , if WIEQCEFFR, ;. > 0 (62)

EQCRUEC, = EQCUE e X HDDFACT, , otherwise

'yeg.br

where, . o
EQCRUEC,, ., is the unit energy consumption for replacement equipment by
L “housing tyce and Census Di\_/ision, : .
RTBASEFF 403, _ is the efficiency of the weighted average of retiring units from
‘ | the 1993 existing stock, and a
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WTE"QCEFFR,,,eg,,, .~ is the replacement equipment inverse efficiency ‘weighted by
the .fmarket share of the specific equipment type as computed
in the log- lmear function in the technology chonce component

by housmg type and Census Division.

The average UEC for all equipment is calculated as:

EQCAUEC,,;, = EQCNUEC b X HDDFACT, _ s » if y=1993
EQCAUEC, .5, = EQCNUEC, 3, . _ - , if the equipment stock < 0
EQCRP90 esbr X EQCRUEC, yesbir (63)
+ (EQCREP,,,,, + EQCADD, “’b',) x EQCNUEC, b :
’ EQCAUEC, .t (EQCSR90, vegbr + EQCSUR!.Q.&') x EQCAUEC, y-1e2.br , otherwise

by =
tad EQC vegdr * EQCREP, ., + EQCADD, ;.
+ EQCSR90,.,,, + EQCSUR, 5,

The weighted ‘average inverse efficiency of all equipment is calculated'_from the
efficiencies of equipment installed this year, and the average of all equipment from

last year: | .
TEMP = EQCRP90 sgsoy *EQCREP, .o, +EQCADD, o, + EQCSR0, ..., +EQCSUR, .,  (64)

WIEQCEFFA,,,, = WYEQCEFHVM, PR ' ", # y=1993 or TEMP-0

WIEQCEF. FAv.es.b.r = WTEQCEF Yeghbr . . , I ’ (65)
X (EQC vegtr + EQCREP, s, + EQCADD, ;)
+ WIEQCEFFA,_, cghr
x (EQCSR90, ., + EQCSUR,“J,,) . otherwise
The final step of this component is to calculate consumption for the service category.

This is accomplished in two steps. The first year of the forecast is computed initially

-

as, , _
' EQCESE,;,x EQCUEC,, ,, xEHSHELL ,, ) |

. PRICES,,, *

HIRCON, 1045, = £ T || + EQCADD, ., x EQCNUEC, ., xNHSHELL, X(WC—E?ZE-) (66)

« |+ EQCRPS0,,,, xEQCNUEC, ., xEHSHELL ,, vt

and subsequent consumption as,
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EQCEgEy.é,b.}x EQCS UEch.b.rx EHSHEL";}; . \
"'EQCAD D, 5% EQCN_UEC»::.&JX NHSHELI;;; X RBN, czss
.+EQCRP90>.¢&6.'X EQCRUEC,, ;% EHSBEH;;; x RBR, .0, % ( PRICES, ,, )a-

.+ EQCSR90, .o, EQCAUEC, 5, EHSHELL,;x RBA, 05, PRICES, 14,
* EQCREP J':ft.b.fx EQCNUECM#JX AHSHELL;;: x RBN’”'”
[\ + EQCSUR, ;% EQCAU_E?:«#JX AHSELL;;; x RBA, .5, )

HTRCON’#- E E
b e

(67).

fwhere,
a - is the short-term price elasticity, presently valued at .15, and

- Here, there is a new concept called the “rebound effect’’ that accounts for the fact
that increasing equipment. efficiency for a partibular, equipment class causes a
corresponding change in the_price elasticity for the class. Three variables represent

this effect:’

RBA,,, = WIEQCEFFA,,, x RTBASEFFins., ~ (68)
| _.RBR,; s» = WIEQCEFFR ,,, x RIBASEFFlp, (69)
B« VR RO,
'Whére, - -
/?BA},! cabir .vis the'rebound effég:t factor for surviving equipmenf, '

RBR, o1, is the rebound effect. factor for replacement equipment, and

RBNy';g,b,, . is the rebound effept factor fornew equipment.

Space Cooling

RCL 1;.-30 {Air Conditioning Eéu:_'pment Choice Component)
Space cooling équipment choice begins with the célculation. of a factor that adjusts
for biased témperaiures in either the base year or in the year under consideratiqn, in
each region, | ' .
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CDDADIJ,

. CDDFACT, = ———2 0 (71
CDDADJyogs, :
whe_re,
CDDFACT, 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
CDDADJ,, are regional population-adjusted cooling degree-days by Census
division and historical year, with forecast years filled in with the

latest historical year, from the RMISC file.

Operating costs for cooling equipment are calculated like those for heating equipment,

with the exception of the degree-days factqr: -
OPCOSI, .}, = PRICES;,,, x EQCUEC, ,, 5% CDDFACT,, x RTEFFAC,,, - (72)
where,

OPCOST, .., is the operatmg cost for the air condltloner equnpment type by

~ housing type, Census Division, and vmtage in-the forecast year,

PRICES,,, are the fuel prices by reglon and forecast year, from elsewhere in
' the NEMS system, ’
EQCUEC,, is the ‘electricity unit energy consumption of 1993 room air

condiﬁoning 'equipmen"c by Census Division and hohsing type, and ‘

RTFFACeg,V - is the efficiency adjustment for the generic equipment type.

" The following variables are computed as in the equations indicated:
LFCY, esp,y = is the room air conditioner type'e life cycle cost by year, housing
type and Census Division. It is computed as il_'\ (20) above. . N
EQWITN, ;. is the equipnl'lent weight for new equiprﬁent tyees by housing
type, Census Division and year. It is computed as in (24) above.
EQWTR, .sp, i the equipment weight for replacement equipment types by .
' o housing ty'be, Census Division and year. It is computed as in (25)

above.
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TOTEWTN,, e is the sum of equrpment types welghts for the new equrpment
class. lt is computed as in (26) above

TOTEWTR is the sum of equnpment types” weights for the new equipment

v.eq9.b,r
class. ltis computed as in (27) above.

Market shares for equipment types within the cooling equipment classes distinguish
also between heat. pumps, whose numbers have been determined in the heating

choice component, and other coolmg equrpment For heat pumps,

NEQISHI:,M, = NEQmH%mm.r g (73)
REQISHR, 3, = REQTSHR, rypvre i | |

-and for other coolihg equipment,

NEQTSHR,,;, = _1_'_EQ— B n'iy;.c.b:, e : | ' (74) .
. <8 :
REQTSHR, .5, = _EQWIR, s, mxw,:, o | (75)
o .~ TOTEWIR,,
where, o L

NEQTSHBy,es,,,, is the new market share for the new -air conditioner equipment
a | type by year, housmg type and Census Dwrsuon,
"REQTSHR,,;,, is the new market share for the replacement air conditioner
equipment type by year, housing type and Census Division,
;TOTEWTN vegbr 1S the sum of equipment type weights for fhé new equipment
class, " -
TOTEWTR,

eobr 1S the sum of equipment type weights for the replacement

: equipment class, |
EQWTN,,.,, is the equipment weight for new equipment, and

EQWTR, ;. s the equipment weight for replacement equipment.

Weighted average inverse efficiencies of the typee of cooling equipment into their

classes are calculated exactly as in the heating component:
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WTEOCEFFN vegbr 1S the welghted average inverse efﬁcnency of new equipment
types within each equipment class by year, housing type, and
Census'Divi"sion, computed as in (32).

WTEQCEFFR negbr is the welghted average lnverse efficiency of replacement
equ:pment types within each equipment class by year, housing

" type, and Census Division, computed as in (33).

RCLADD (Addmons and Replacements of Coolii ing Equment Component)

Given the complex dependencies between chouces of heating and cooling equ1pment ‘

© the coollng additions logic begins very differently from that for heating. Central air
conditioner additions are calculated from housing additions and a set of saturation

levels:

EQCADD,,c,, = HSEADD,, xCACSAT,, - (76)

where,

EQCADD, csc s, is the number of central air conditioners added to new {post-1993)

housing units by year, housing 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.

For room air conditioners, there are similar saturation levels:

EQCADD, wacs; = HSEADD,,, x RACSAT,, , (77)

where, ‘
EQCADD, g, is the number of room air conditioners added to_ new (post-1993)

housing units by year, housing type and Census Division,
HSEADD,,, " is the amount of housing additions by year, housing type and
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RACSAT,,

Census Division, and .
is the market penetration level or saturation of the market for
room air -conditioning equipment by housmg type and Census'

Division.

N

For heat_pumps, ,howe\}er, additions are determined by .the number of associated

- furnaces installed in the heating additions component:

where,

EQCADD,”J,’, EQCADD, prroimz q,,,'. -~ (78)

EQCADDY,;,B s IS the number of heat pumps used for.space cooling added to new

' EQCADD,

RTCLPNTR,,

_(post—1993) housing units by year, housing type and Census

, DlVlSIOﬂ, .

is the number of heat pumps used for space heating added to new
housing units by year, housing type and Census Diwsnon, and
is the pomter to the heating equnpment class associated W|th the

cooling equipment class

The number of cenitral air conditioners-calculated from the saturation level in equation

(76) included electric heat pumps. To convert that to non-heat pump central air

conditioners, the component subtracts off electric heat pumps, but leaving ten

percent,.if heat pumps exceed total central air conditioners: .

B-46

=(__=LEQCADD:' cacsr = 01 x EQCADD, gy, » if EQCADD, cyc;,SEQCADD, ),
. EQCADD, ¢yc;, = EQCADD, ¢z, - EQCADD, s, , otherwise
Where, ‘ o ) .
EQCADDY egbr IS the number of central air conditioners in each ecjuipment class
added to new {(post-1993) housing units by year, housing type
“and Census Division, '
eg ‘is the. space coohng eqmpment class where the RTEKCL file

defines that 1= RAC '2=CAC, 3= Electrlc " heat pump,
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4 =Geothermal heat pijmp, and 5 =Natural gas heat pump.

Surviving equipment follows the same dfchofomy as the other calculations, between

heat pumps and other equiprﬁent.-For non heat pumps:

y-1

BQUSRS0,,3, = 3. [EQCRPS0, 15,  HDRS” x SVRIE, conavr e, (80)
For heat pumps: ‘
EQCSR90,,,,, = EQCSRI0, prevowre 5r o (81)

where,
EQCSR90,

v.eg9,b,r

EQCRPI0,,,,,,,,

HDR,
 SVRTE
RTMINLIF,,

RTMAXLIF,,

is the surviving post-1993 cooling equiprﬁent in 'p,re-1994

housing units by year, housing type and Census Division,

is 'ghe number of replacement (post-1993 vintage) equipment

required for pre-1 994 housing units by 'year, housing type_arlxd ’

Census Division,

is the housing demolition rate'_by hbusing typ>e, and

is the equipment survival rate,

is the eqhipment class minimum lifetime from the RTEKCL file, *

and

is the equipment class maximum lifetirﬁe from the RTEKCL file.

- The cooling equipment needed in pre-1994 housing is

where,

EQCNDS0,,,,,

EQCESE 993,09,

EQCND”’“JJ = EQCNDgoy-1,eg,b,r x mRb s if)’>1993 | (82) .

is the number of air-conditioning units needed in pre-1994

housing each year by housing type and Census Division,
is the pre-1994 air conditioning eduip_ment in pre-1994 housing
units in the base year by housing type and Census Division,

and
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HDR, s the housing demolition rate by housing type.

For centrally air-conditioned single-family houses, there is a penetration rate that

describes new units'_added in pre-1994 houses: ) .

- EQCNDS,;, - EQCNDS0 s X CACPR, (83)

where, , |
CACPR, are regional penetration rates for central air conditioners from the RMISC
| file. '

| Currentyear replecement equipment in old houefng also in;/olves consideration of heat
pumps’ aesociation with heaters. For non heat pumps, .
EQCRP90,,;, EQCND90m, o EQCESE,,, 4 — EQCSR90, .., (84)
and for heat pumps, | , ' '
| EQCRPS0,,,;, = EQCRPH0, srcumzs, sy - (88)
where, o ,
EQCSR90, ;. is the surwvmg post-1993 central and room air- condltlonmg
,equnpment,ln pre-1994 houelng units by year, housing type and
Census Dlwsnon,
EQCRPI0O, s, is the number of replacement (post—1993 vmtage) equipment
. ' demanded in pre-1994 housmg units by year, hcusmg type and
Census Dlwsnon, ‘
EQCESE;,,es,b,,: is the amount of survuvmg pre-1994 vintage space cooling
' equnpment in pre-1994 vmtage housed by housmg type and
Census Division,.
EQCND3S0 Voabr is the total amount of survwlng pre-1994 room and central air
' condltlomng,equment in pre-1994 housmg each year by housing
. type a‘nd\Census Division, |
EQCRP30,

v.ear 1S the number of heat pump replacements for space heating in pre-
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RTCLPNTR,,

1994 housing units by year, housing type and Census Division,
and ' . ‘ ‘
is the pointer to the heating equipment class associated with the

cooling equipment class. -

Survnvmg equ:pment in new houses requires the dlstlnctlon for heat pumps For non

heat pumps,

FQCSUR,, =

and for heat pumps,

where,
'EQ CSUR,, o0,

EQCADD,,,,,

EQCREP,,;,,
HDR,
SVRTE
RTMINLIF,,
RTMAXLIF,,

RTCLPNTR,,

Z - [(Becapp, ., + BQCREP, ) x HDRY” smrmm](se)

is the number of surviving room and central air conditioners in

post-1993 houslng units by year, housing type and Census.

Division,

is the number of units of space cooling equipment in each class -

added to new (post-1 993) housing units by year, housing type

and Census Division,

" isthe number of equipment replaoements demanded in post-1993
" housing units by year, houslng type and Census DIVlSlOﬂ,

- is the housing demolition rate by housing type, and

is the equipment survival rate,

is the equipment class minimum lifetime from the ﬁTEKCL file,
is the equipment class maxirnum lifetime from the RTEKCL file,
and »

is the pointer to the heating equipment class associated with the

cooling equipment class.

Finally, demand for replacement cooling equipment in new homes for non heat pumps
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is
EQCREP,,,;, = ;};[ EQCADD, ., HDR{,"] - EQCSUR,,,;, - (88)
for heat pumps:
BQCREP, ., = EQCREP, xrcrpyry s, (89)
, wh.ere, .
EQCREP,, ey iSthenumber of equipment replacements demanded ln post-1993
‘ . housing units by year,' housing type and Census Division,
EQCSUR vegtr 1S the number of survrvrng room and central air condrtloners in
post-1 993 housrng units by year, hcusmg type and Census
' Division, |
EQCADD,,,,,,, isthe number new central air conditioners originally purchased for
‘new ho’dsing additions by’/year, housing type and Census Division,
HDR, - - is the housing demolition rate by housing type, and o
" RTCLPNTR,, |s the pornter to the heating equnpment class assoclated with the
'coolmg equnpment class. - ' ' , '
Since replacements for heat pump air condltloners equal replacements for heat pump
‘furnaces, and swrtchlng was allowed on replacement of heat pump furnaces,
_ switching on replacement of heat pump air conditioners occurred in RHTRADD. No
switching- on'r‘replacement of central or room air conditioners is allowed since these
'numbers are based on hlstorlcal data Therefore, Subroutlne RCLADD does not call
" Subroutine REPLACE

RCLCON (Cool' ling Energy COnsumpﬂan Component)
Energy consumptlon for space coollng is calculated much like the comparable
quantities for space heating. Space ccol_rng equrpment consumption begins with the
calculation of a factor that adjusts for biased temperatures in either the base year or

in the year under cpnsideration, in each region,
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CDDFACT., = CODADT
i o

where, - )
CDDFACT, " is a setof 'regioﬁal f:actors‘to"be used in this year to édjust for
abnormal temperatures either in ihis year or in the base year, and
CDDADJ,, are regional populatlon adjusted cooling degree-days by Census '
' division and hlstorlcal year, with forecast years fllled in W|th the

'latest historical year, from the RMISC file.

It then calculates the average efficiency of all 1993 cooling equipment,

_(1, _EQSESE,,, EQSESE, 14 (91) .

RIBASEFF,,, = | RTBASEFF,
<8 ( . y-tez EQSESE),_«‘“ EQSESE;‘S

] x EQCEFF;_,H J x

where, -
RTBASEFF

egy -’
EQSESE, ,, is the remaining unretired stock of 1993 cooling equnpment by

is the stock average efficiency for the remaining 1993 equipment, ‘

year and equment class, and _
.EQCEFF” eg  Iis‘the average efﬂmency of_gqunpment retired in each year, from
the RSEFFO1 file. _ ' .

Unit ‘energy consumption.is next calculated for eacH of the vintages of homes. For
surviving equipment in pre-1994 vintage homes, '
RIBASEFF,W ’ (92)

RTBASEFF,,,

EQCSUEC,,,,, = EQCUEC,,,, x CDDFACT

where, )
EQCSUEC,,,,, is the unit energy efﬂcnency of surviving equnpment in pre-1 994
vintage homes, by vyear, equupment class, housmg type and
Census Division, .
EQCUEC,,,, is the unit energy efficiency of equipment in horﬁe‘s that existed

in 1993, by Census Division, eqyuipment class, and housing type,
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CDDFACT, . are the regional heading degree-day adjustment factors, and

RTBASEFF,, ;g - are the annual average efficiencies for-the equipment classes.

For new equipl;nent
EQC yegbr = EQCUEC, g X CDDFACT, % SQFI'AD
WIEQCEFFN,,,,, X RIBASEFF,W , if WIEQCEFFN, mu>° (93)

" EQCNUEC,  eby = EQCUE <55 X CDDFACT, x SQFTADI;, , otherwise

where, ‘_
EOCNUECy,eg,,,', is the unit energ'y,consumption by Year for new equipment by
\ nousing ’t\‘/pe and Census Di\}ision,
WTEOCEFFNyleg,,,,, is the equnpment inverse effncnency by year, equnpment class, .
) o "housing type and Census Division,
RTBASEFF, ., . isthe average efficiency of the equipment class,
EOCU_EC,, ,;g,,,' is unit energy consumption for equ1pment in 1993 housing by
g ) } N Census Dlwsmn, equipment class and housing type,
CDDFACT, " isthe heating degree day adjustment factor by Census Division
| " to correct for the unnsually warm weather during the RECS
‘ survey year, and , | '
SOFTADJ,,, br ' ' adjusts forthe i mcreas:ng average ﬂoor area of new homes, as'

compared with the RECS base year.

‘ 1

'Replacement‘equipment UEC values are calculated in the same way as new

A equipment but without the floor area adjustment:

[EQCRUEC,,,,, = EQCUEC,,,, x WIEQCEFFR ., . | |
X RTBASEFFiog5,; x CDDFACT, , if WIEQCEFFR, ., > O (94)

EQCRUEC,,,;, = EQCUEC,,; x CDDFACT , otherwise
where,
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EOCRUEC v.6g.br is the unit energy consumption for replacement equipment by

" housing tybe and Census Division, C

RTBASEFF 943, is ti_ie efficiency of the weighted average of retiring uni.ts from
. the 1993 existing stock, and

'WTEOCEFFRy,eg,,,,, is the replacement equipment inverse efﬂcuency weighted by

the market share of the equipment type as computed in the

log-llnear function in the technology choice ‘component by

housing type and Census Division.

The average UEC for all equipment is calculated as:
EQCAUEC,,;, = BQNUEC,,, S ., ify=1993
EQCAUEC vegbr = EQCNUEC”#, : : , if the equipment stock < O

5
(95) - EQCRPI0, o, % EQCRUEC, yeghir
+ (BQCREP, ;. + EQCADD, 23 x EQCNUEC,, .
+ (EQCSR90, .05, + EQCSURM:.IU) X EQCAUEC y-legbr
EQCRP90 eshr * EQCREP + EQCADD, s
+ EQCSRO0, g, + EQCSUR ony

EQCAUEC,,,, =

, otherwise

The weighted average inverse efficiency-'of all equipment .is calculated from the

efficiencies of equipment installed this year,.and the average of all equipment from

last year: _ )
TEMP = EQCRP90 + EQCREP eebr + EQCADD o5 + EQCSRI0 hesss + EQCSUR s, ’(96) A
WIEQCEFFA,,,,, = WIEQCEFTN s - , if y=1994
, e ‘ ' or TEMP = 0
. wrzgcarm esir X S . (97
(EQCRP90,,,5, + EQCREP,,,, + EQCADD,,., )}
WIEQCEFFA, ,, = = WIEQCEFFA, , .5, x (EQCSR90,,,, + EQCSUR,,_, ) , othérwise

The final step of this component is to calculate consumption for the service category.

This is accomplished in two step‘s. The first year of the -forecast is computed as,
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EQCESE vespr X EQCSUEC,  XECSHELL,, oo e
" COOLCN, EE XEQCNUEC, 5, xNCSHELL,, x| < actaysy || (98)
y=1934/fr .ee.b.r RICES

< ||+ EQC » J,,xEQCRUEc 'b,xECSHELLy 107

and subsequent consumption as, T
[ BQCESE, ,5,x BQCSUEC, 4,x BOSHELL®

+ EQCADD,,,;,x EQCNUEC,,,, x NCSHELL);; x RBN,,,
+ EQCRP90),,, ,,x EQCRUEC, ., ECSHELL," RBRm b PRICES,,,

| + EQCSR90,,,,x EQCAUEC,,,,,x ECSHELL,;® x RBA, ;. PRICES,',,m

+ EQCREP,,,,,x EQCNUEC,,,, x ACSHELL)," x RBN, . ;,

.I + EQCS URJ.ee.b.rx EQCA .ee.b.rx ACSHELL;.;G X RBA,,cs, |

. COOLCN.# EE

(99)
where,

a s the short-term price elasticity, presently valued at .15.

_Here, there is a new concept called the *‘rebound effect’’ that accounts for the fact
that increasing equipment -efficiency. for a particular equipment class causes a
corresponding bhange in the price elasticity for the class. Three variables, calculated

‘as the ratio between the base effucxency and the current efflclency, represent this

effect: | L S _ ‘
RBA, 5, = (WTEQUEFEA,,, x RIBASEFF i |+ (100)
RBR:-ex.b,r ’ ( WIEQCEF F &ws.b.r x WSEFFms.eg y | ' (101)
RBN,,, = ( WIEQCEF ooy X RIBASEFFypen, J* .+ (102)
where, ( , | | | |
7 RBAY; egnr IS the rebound eff‘ect(factor, for surviving equipment,'
RBR, s, is the rebound effect factor for. replacement equipment, and

RBN, veabi is the rebound effect factor for new equipment.

Water Heating
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Regional solar water heating equipment stock is calculated for 1993 as

SLESEyqgs, = Zb:EH,W, x SLSHR,, ‘ (103)

where, )
SLE$é,99&,' is the existing 1993 solar. water heaters by Census Division,
SLSHR,,, is the 1993 market share of solar water heaters in pre-1994 housing
units by housing type a‘nd Census Division, from the RMISC file, and
EH9535, - i the 1993 stock of housing by hoqsing fype’ and Census Division.

For years after 1993, the model projects solar heaters separately from other water

heating equipment. For solar heaters,

} ‘ - : -1983 C g
SLESE” - SLEgE1m" X sz’.1m'om X HDR{ (104)

where,
SLESE,, is the number of éurviying pre-.1 994 vintage solar water heaters

in pre-1994 single-family houses:by year and Census Diviéioh,
'SVRTE, ;963,030 is the equipment survival rate, using minimum ‘and |:naximum

lifetimes not es’_cébliéhed in the input database, and - ~

HDR, ‘ is the housing demolition rate for single-family homes.

RWHTEC (Water Heater Equij:méni Choice Component) .

Existing water heaters are assumed to be distributed in proportion to assoc1ated space
heating equnpment where the association between water heating equipment and
space heating equnpment is specified by the user in the RTCLPNTR,,g pointer for each
water heating equipment class in the RTEKCL file. (Replacement water heaters are not
SO constrained in single-family housing.) ‘The component first adds up the market

shares of all space heating equipment,
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IO, = THSYSSHR,,,, | (105)
. : N *

where, ) o
TOTN,,, is thei‘sum of the base' year mar-ketlshares_for space heating
e‘quipment classes by housing type and Census Division, and
H.S‘YSSHRyeg b is the current year market ‘share for space heating equipment

classes by housing type and Census Division.

“New water heater market shares are therefore calculated by the sum of the market

shares of the associated heatlng equrpment

. EHSYSSH&mfmum,,w : ‘ (106)
NH20SH, £ y
yegucky = TOIN,,
where, _ o .
NH2OSH Leanr 15 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, dlstlllate, ‘and LPG.
TOTN,, is the sum of the base year market’ shares for space heatlng

o equipment classes by housing type and Census D|V|sron,
HSYSSHRy;eg; 5 is the current yea'r market share.of the space heating‘equip'rhent,
" class by housing type and Census Division,
RTCLEQCLg, is the equipment class number for the space heater class, and

- RTCLPNTR,, is the pointer to a space heater class from a water heater class. :

The following yariables are comp‘uté_d as in _the‘equations indicated:
.OPCOST,,,,,S',, v is the eperating cost for the water heater equiprnent type by
-housing type, Census Division, vintage, and year: It is computed
as in (19) above. ' '
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LFCY, esp.v . is the water heater type’s life eycle cost by year, housinQ_type
Census Division, and vi_ntage.‘ It is computed as in (20) aBove.* \
- EQWTN, ,,, is the equipment weight for new equipmeht types by housing
' type, Cens_u‘s Division.,/‘and year. It is computed as in (24) above.
- - EQWTR,,,,, is the equipment weight for replacement equibment types by
. housing type, Census Division, and year. Itis computed asin (25)
above.

TOTEWTN is the sum ef the equipment types' weights. for the new

y.eg.b.r
. equipment class. It is cemputed as in (26) above.
TOTEWTR veg.nr 1S the sum of . the equipment types’ weights for the new
_ equipment class.- It is computed as in (27) above.
- EQFSHRN,;,,, is the fuel share of new equipment tyﬁe’ by ‘yea‘r,._housihg type and
' Census Division. It is computed as in (30) above. \
EQFSHRR, ;. is the fuel share of replacement equipment type by year, ho‘using

type and Census Division. It is computed as in (31) above.

The fuel shares are stored into their fiual placesyi . . '
/. NEQTSHR,;, = EQFSHRN, .;, : | (107)
REQTSHR,,;,, = EQFSHRR, .5, o (108)
where, ' ﬂ :
NEQTSHR, ;;,, | is the fuel shares of new water heaters by fuel, housing type and
Census Division, and
REQTSHR,;,,, ‘is the fuel shares of replacement water heaters by fuel housing

type and Census Division.

Weighted average class efficiencies by fuel can then be calculated from the individual
equipment types for new and replacement equipment, \using exactly the same

formulas as for space heating equipment, as shown in equations {32) and (33):
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WTEQCEFFN, ,,, is the weighted' average inverse efficiency‘ for new water
t\meatiﬁg equipment classes by year, housing type and Census

Division, and :
WTEQCEFFR e s is the weighted average inverse eff|C|e|:1cy for replacement
) water heatlng equnpment classes by year, housing type and

Census DlVISlon

| REUADb (Water Heaﬁng aﬁd Cooking Additions and Replacements bomponent)

| There is énl‘yk one component in the RDM fer addition and replacement -of water
heating equipment and cdoking equipment. This is an enhancement implemented in
the module in 1996 that ant|c1pates the day when mtegrated logic can handle all

calculatlons for all equnpment types.

The first eperation is to calcu]ate the total equipment in pre-1994 housihg,

EQCND yex.b.r = EQCESEqgq3,,,, * HDR, , ify=1980 . " (109) -
EQCNDS0,,;, = EQCND0, 1,5, * HDR, , if >1990 :

where, : : :

EQCNDQO \eq.b,r is the total equipment in pre-1994 housnng each year by .
housmg type and Census Division, _ ‘

EQCESE 993 0,5, ' is the pre-1 994 equipment stock in pre-1994 housmg units in

‘ . the base year by housing type and Census Division, and

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

Next, calculate purc_hases for new housing, ‘ A
EQCADD,,,;, = HSEADD, , smaRE (110)
where, , , . |
E(lJCADDyleg,b,, is the number. new units origihally purchased for new housing
' additions "by year, housing type and Census Division,
HSEADD,,,, - is the ﬁumbe_r ef housing additions by year, housing type and
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SHARE
NH20SH, .,

NCKSH,, s

Census Dwrsron, and

is the share of the partlcular equipment for which the component
-has been called, NH208H, . or NCKSH v.eg.br

is the market penetratron level or saturation of the market for
water heaters by housing type and Census Division, ‘

is the market penetration. level'or saturation of the market for

cookstoves by housing type-and Census Division.

The following varrables are computed as in the equatrons mdrcated

Y,eg.b,r

EQCSR90

i

EQCSUR,,,,,

EQCREP,,,,,

The new technology choice component allows switching when replacing water -

is the surviving post-1993 vintage equrpment in pre-1994 housing

units by year, housing type and Census Division. It is calculated

as in (37) abdve.
is the surviving post-1'993 vintage equipment in post-1993

housing by year, housing type and Census Division. It is computed

as in (38) above.
is the number of equrpment replacements of post-1993 equrpment

. in multi-family or mobile post-1993 housing umts_ by year, housmg

type and Census Division. It is computed as in (39) above. (No

switching allowed.)

heaters or stoves in post-1993 (and pre-1994) single family homes onIy.‘Users may

specify the fraction of homes which may switch away from a certain technology by

setting the values RTSWFACT,, in the RTEKCL data file. Retiring values are first .

calculated-as in {39) and stored as OEOCREP ve0.1.~ 1he code then calls SUBROUTINE

REPLACE(EU,RSYR,R,B,RECCL,1) for replacements with switching in post-1993 -

single-family housrng where,

¢
i

EU " is the end use number (3 for water heating; 4 for stoves),
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‘RSYR is the calendar year,

R - s the census 'division,

é ‘ ~isthe burldlng type (currently always 1 for single-family),
RECCL is the record number from the RTEKCL frle,

FLAG  isset = 1 for post-1993 housing.

Replacement equrpment in multi-family or mobile pre -1994 vrntage homes:
. EQCRPS0,,, EQCESE,,,M 3r % HDRS'™® —'BQUESE, 5, ~ EQUSES0,,,5, a1
where,

EOCFs’PQOy egbr 1S the number of replacement unlts demanded in multr-famlly or
mobile pre-1994 housing units by year, housrng type and Census
. Division, '

- EQCESE,

veg.br 1S survwlng pre-1994 vmtage equrpment in pre-1 994 housmg units

‘by year, housing type and Census Division,
EQCSRI0,, g, s the surviving post—1 993 vintage equipment in pre- 1 994 housmg
units by year, housrng type and Census Division,

HDR, ' is the housing demolition rate.

Furthermore, a second call to SUBROUTINE REPLACE(EU RSYR R B, RECCL 2) allows
swrtchlng to any technology when. replacing water heaters or stoves in pre-1994 .
single family homes only. Retmng values are flrst calculated.as in (112) above and
stored as OEOCRPQOM,', .~ Users may specify the fraction of homes which may

switch away from _a'certain_ technology by setting the values RTSWFACT,, in the
* RTEKCL data file. In the second call, Fl.AG = 2for pre-1994 housing.

_If the component has been called for water heating rather than for cooking, the solar
water heatmg variables for srngle-famlly homes must be calculated as follows

SLNDS0e55, = SLE.S'E,m, x HDR, , if y=1993

- . . SLND90 SLND90,_, » x HDR, , otherwise

(112)
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SOLADD,; -HSEADD , x NEWSLSHR, 113y

y-1

SLSR%,, = Y [SLRPSO,, xsvzms,m xzzma’] (114)
=184 .
. y-1 ‘ ’ . -
SOLSUR,, = Y. (SOLADD + SOLREP,, x HDR]™ x sm 5% - (115) .
l81993 .
b . ' .
SOLREP,, = ( Y. SOLADD,, x HDR,’.'") - SOLSUR, . {116)
$=1833 . . . . .
SLRPS0,, = SLESE:gss, x HDR} '**° - SLESE,, - SLSR90,, -

where,
SI.NDQOYI,

SOLADD,,

NEWSLSHR,

SLSR90,,

 SOLSUR,,
SOLREP,,

SLRP90,,

is.the total amount of solar water heating equipment surviving in

- pre-1994 housing each year,

is the number of post-1 994 solar water heaters by equnpment
class added to new housmg units in this year, "

is a “‘new solar water heating share’’ from the RMISC file,

is the surviving post-1993 vintage solar. water heatlng equ:pment ‘
in ‘pre-1994 housing units by year and Census Division,

is the number of surviving post-1993 solar water heaters by

equipment class in post-1993 housing units by year, housing type

- and Census DlVISIon

is the number of surv:vmg post-1993 solar water heaters to be
replaced in post-1993 housing units in this year by equipment
class, housing type and Census Division, and

is the replacement (post-1993 vintage) solar ‘'water “heating
equipm_ent demanded in pre-1994 single' family housing units by /

year and Census Division.

RWHCON (Water Heater Enérgy Consdmption Camponent)

—
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Energy consumptlon for space coollng is calculated much like the comparable
quantltres for space heatmg Space cooling equipment consumption begms with the

calculation of the natlonal total stock of water heaters for the base year,

| EQSESEwsy = L EQCEEumass - (118)

where, o ‘ ,
EOSESE,ggg,eg' is the naticnal total number of water heaters/’ in the original
'_ ' base year stock in each equrpment class, and
’ EQCESE,ggs,eg,b,,‘ ‘is the number of water heaters in the original base year stock -

- in each equipment class by hcuse type and Census: Division.

There is no need to calculate the prOjectlcn to the current year, as it was already
calculated in the RDWHEQC subroutine. '

It then calculates the average efficiency of all 1993 water heaters,

'y-1.3

._' EQSESE, ., . .——-—-EQSEsE"’ Leg 119
.MEFF, (RIBASEFF g [1. EOSESE,_, . )"EQCEF F, y-m)" EQSESE,, (i

I3

where, S
'RTBASEFFeg;y is the stock average eff_iciency for the remaining 1993 equipment,
EQSESE, , is the remaining unretired stock of 1993 water heating equipment,
' - Aby year and equipment class, and ' 2

'EQCEFFY,'Gg ~ isthe average efficiency of equipment retired in each year, from
the RSEFFO1 file. - |

The most impcrtant \determinant of~'the: amount of hot water consumption in
house'holds is their number of i'nhabitants.r The component therefore calculates an
average ‘household size that will be used, .wi‘th an elasticity to account for this

determinant,

v
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where,
HHSIZE,,

MC_POP16,,

EHYIAIf .

NHY, b,r

] MC_POPI6. .
HHSIZE,, = - NZ _ ‘
zb:,( y.b{) .

(120)

is the éverage number of persons over age 16 per household by
year and région, | o _

is the number of persons over age 16 by year and region, from the
NEMS Macroeconomic Module, ‘

is the number of pre-1994 vintage hprhéé existing in year y, from
the RMISC file; and '

is the number of post-1993 vintage homes remaining in year vy,
from the NEMS Macroeconomic Module, as shown in equations -
(3) through (6)."

Unit energy consumption is calculated for the usual vintages\. First, the surviving base-

year homes,

" ( HHSIZE,, \FEBUS RTBASEFF,ee...
E EC T vd ' 1558.eg (121)
QCSUEC,,,, = EQCUEC,,,, (HHS : ) x 2

where,
EQCSUEC
EQCUEC,,,,

HHSIZE,,
HHSELAS

RTBASEFF,,,,

y.eq.b,r

is the: unit energy efficiency of surviving water heating equipment
in pre-1994"vintage hofnes,' by year, eduipment class, housing
typeiand Census Division, o

is the unit energy effi;:iency of equipmént in homes that existed
in 1993, by Census Dw:snon, equipment class, and housmg type,

is the average household size by year and Census Dlwsmn,

" is an elasticity parameter-for the increase in hot water intensity

due to increases in household size, estimated at .315; and

are the annual average efficiencies for the equipment classes.
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For-new purchases |n this year, lf year < 1995,

' HHSIZE,, \EESEAS
EQCNUEC,,;, = EQCUEC,,, ("‘3——“—]

"x WIEQCEFFN,“',,, x RIBASEFFigen,e » i WIEQCEFFN, ;>0 (122)

E o HESIZE, \FESEUs
BQCNUEC,,,, = EQCUEC,, (—-—HH : EE’;-;’) . otherwise
If the year = 1995, . -~ . ' ;
i HHS, HESELAS
EQCNUEC egb,r -EQC “J,X(mz—i%) XEPACT-
XWTEQCEF ’“#,XRTBASEFY‘",M . M #WIEQC ,eg,b,r>o (123)

HES &
EQCNUEC“” = EQCUEC “’bx[HHS 12122;, ) * xEPACT , otherwise

~ where, . | y |

EQCNUEC veabr IS the unit en'ergy consumption for new equipment by year,

) . | housing type and Census Dlwsmn, | ‘ |

EQCUEQ‘,,W, - is the unit energy consumption for the equ:pment class by

N housing type and Census Division,.
WTEOCEFFNy,eg,,,,, is the weighted average inverse efﬂc:ency for new water
o g heatlng equrpment types by year, class, housing type . and

Census Dlwslon, _ ' S

EPACT . is the fractien by which the UEC'must be adjusted to reflect
mandated low-ﬂow shower head standards as part of the

\ Energy Policy Act of 1993, '

HHSIZEY,, s the average household size by year and Census Division,

HHSELAS is an elastrcnty parameter for the'increase in hot water mtensntyl
due to 1ncreases in househoid snze, estlmated at .315, and

: .'R'_I'BASEF)-',,,_,g - s the effnc:ency of the water heatmg equrpment classes

. , Energy Information Adminstration
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For replacements in this year,

BQCRUEC, 3, = BQCUEC, ,x[-;m—lzzn'—m:z%;) xEPACT

xchmm,xmww,m © . if WIBQCEFFR ;>0 (124)

HHSIZE, \&&4s o
BQCRUEC g3y = EQCUECw.bf(m’;—’J xEPACT" , 0"?’"”“ ,

where,

EQCRUEC,,, eq.b,r is the unit energy consumption for replacement equipment by’

year, housing type and Census Dwrsron,
. WTEOCEFFR v6a,br is the weighted average inverse efficiency for replacement
water heatmg equipment classes by year, housing type and

. Census DIVISIOI'I, and

EQCUEC, ., . " " is the umt _energy consumptron for the equrpment class by
housing type and Census Division, and '

RTBASEFF,, is the efficiency of retiring equipment from the 1993 stock by
year. ‘

And the average UEC is
TEMP = EQCRP),,,;, + EQCREP, ., + EQCADD, ., + EQCSRI0, s, + EQCSUR, .5,

EQCAUEC, ,, = EQCNUEC, ., i TEMPSDO

or y=1993 (125)

EQCRP90, .15, % EQCR yieg.br
+ (EQCADD esbr * EQCREP”)J) x EQCNUEC. g
+ (BQCSR90, ., + EQCSUR ) x EQCAUEC, 1.5,

, Otherwise
TEMP

EQCAUEC, 15, =

where, ,
EQCAUEC,,,,, is the average unit energy consumption for water heaters by year,
equipment class, housing type and Census Division.

o

Water heater, efficiency is calculated next. If y = 1994 or denominator < O,
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WIEQCEF F A:me.b.r = chmF1994.ex.b.r (126)
If y > 1994 'and denomi.nator >0,
' . ; (EQCSR90, yeegbr +EQCS URmx.br) x WIEQCEFF. A7-1 egbr
"’(ch yﬂ +EQCADD. ,q‘,b;"'EQC .g.b-') X mQCEF yegbr (1 27)

s BQUSRS0, 3, BQCSUR 43,7 EQCRFS, 5,
: EQCADD .ex,b.r"'EQC yezbs

. where,

W7_"WEFFA is the weighted average water.heatér efficiency by equipment

y&g_@f
class, housing type, Census Division,-and year.

_Finally, energy consumption by fuel can be summed over the different housing types.

ify = 1994, - o
- [ EQCESE,,, x BQCSUEC,; | . R

mmocozv"#‘ E + EOCADD, egbr EQCNUEC'Q x( PRICESE'Z ) | ( I'Lg)

yoegbr % 2857
+ EQC yegbr % EQCRUEC, yegh, PRICES!" 1993

H

Ify > 1994,

(- EQCESE,,,;, x EQCSUEC, ., )
+ EQCADD, yeghr X EQCNUEC, .q'.b.r -
(129)

- |} + EQCRP90, .q.b.r x EQCRUEC Y2 b PRICES”"J )
H20CON, bE + EQCSR0, .5, x EQCAUEC, 1 005, | ™ \ PRICES,, 1905
+ EQCREP, esbr X EQCRUEC, .,

|- + EQCSUR,,;, x EQCAUEC, , ;. )

~

where, ‘ _
H20CON,;, is consumption for water heating by fuel, and |

. a. is the short-term price elasticity, presently valued at 0.0.

And for solar water heaters,
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SLCON,, = | + SRLPSO,, + SLSR90, 4| x SLUEC, . (130)

SLESE,, + SOLADD,,\
+ SOLREP,, + SOLSUR ,

where,

SLCON,, is consumption for solar water heating.
~ Cooking Equipment

' RSTVTEC (Choose Cooking Equipment Component) -

The existing. cooking equipment distribution is associated with the choice 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 with LPG; homes that heat water with
distillate oil cook with electricity. (Replacéement stoves in single-family homes are not
so constrained.) These constraints are embodiéd in the technology choice by using
the’ water'Heater equipment market shares for calculating the cooking equipment
market shares: ‘ ' ’ ) ' |
NCKSH, .5, = NH20SH; ., x NGNGFACT , if eg=gas stove
NCKSH, 05; = NH20SH, 0, - ‘ ! ;feg=bg @e &131)

NCKSH, ., = Yy (NH205H, ;) +NH20SH, ., ,x(1.-NGNGFACI) , if eg=elec stove

where, _
NCKSH, o,  is the new market share for cooking equipment in the-current year
by hodsing type and Census Diviéion, :
NH20SH,,,,,, is the new market sharé for water heaters in the current year by
equipment class, housing type and Census Division, and |
NGNGFACT ‘isa factor,.currently set to .65, that defines the fraction of houses

having gas water heaters that have gas cookstoves.

In the formula, the summation over eg = other refers to the market shares of all
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‘water heater classes other than natural gas and LPG: ‘homes that heat water with any
other equipment class than these, dependmg on which are defined in the RTEKCL flle,
" are assumed to cook with eIectnc:ty

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

OPCO.S;T,,,“I,,,,,V\', is the operatihg oost for the water heater equipment type by
housing type,'Census Division, yintage, and year. It is computed
as in (19) above. L S ' |

LFCY, esbrvy  is the water heater type s life cycle cost by year, housmg type
Census Division, and vintage. It is computed as in (20) above.

EQWTNy,es,,, . is the eouipment weight for new equipment types by housing

| type, Census Division, and year Itis computed as in. (24) above

EQWTR;,,“,,,;, is. the equrpment weight for replacement equipment types by

- ' housrng type, Census Division, and year. Itis computed as in (25) .
abOVe_. . B ‘

»

TOTEWTN

vegbr IS ‘the sum of the equipment. types’ weights for the new
~eqoipment class. It is computed as in (26) above."

TOTE WTR

Leabr 1S the sum . of the equipment types’ weights for the new

equipment class. It is computed as in (27) above.
EQFSHRN,,,, ',,,, is the fuel share of new eduipment type by year, housing type and
o Census Division, It is computed as in {30) above. ,
EOFSHRRy,ﬁbI, is the fqel share of replaoement equipment type by year, housing

" type and Census Division. It is computed as in (31) above.

The fina‘l'shar’es for the equipment types are the products of the market shares and
the equipment type shares, .

NEQTSHRD eshr = NCKSH x EQFSH Yeshr - ' (132)
REQISHRD,;, = NCKSHm 5 X EQFSHRR, esbr

where,

]
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NEQ TSHRD,,, essr IS the new equipment type share for stoves by equipment type,
' . housmg type and Census Division, ‘ :
REQTSHRD,,,,, is the replacement equipment type share for stoves by‘
equipment type, housing type and Census DlVlSlon,
NCKSH,, oq, 5, ,is the new market share for cooking equipment in the current
~ year by housing‘type and Census Division,
EQFSHRNY'ESI,,,, is the new market share for sfoves by equipment type, housing
: ' | type and Census Division, and ‘ ‘ ‘
EQ/%'SHRRY, esbr " isthe replacement market share for stoves by equipment type,

housmg type and Census Division.

For cooking, the weighted average inverse efﬁciency of each equipment class is
calculated dlfferently from the foregoing end uses, because the RTEKTY file datum for
RTBASEFF is the usage, measured in kWh or MMBtu, of the equupment in the class: .

Y (NEQTSHR,,,, x RTEQEFF,) -
MEQCEFF = = s if denominator>0 .
Fhocans Y NEQTSER, ., ¥ " (133)
WIEQCEFFA,,,,, = Rmism,m ' » if denominators0.
where, . .
WTEQCEFFA,,,,;, is the weighted average cooking equipment usage in the’

current year by housing type and Census Division, and . -
RTBASEFF,gga,eg is the 1993 base equipment efficiency.

REUADD (Water Heating and Cooking Additions and Replacements Component)
As mentioned earlier, the capabilities for adding and replacing cooking equipment have
been merged into. a single component called REUADD. This component was

documented above on pages B-58 through B-61.

RSTVCON (Cooking Energy Consumption Component)
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The cookmg energy consumptlon component begms wnth the usual thlngs First, the

base year stock of equnpment

EQSE?E-:m.q = EEQCBE1993,Q.5J : . (134)

' where, | _ _ ‘
EQSESE 9934 ‘is the national total number of coekstoves in the original base

' ~year etocic in eacri equiprnent class, and |
EQCESE,ggs,eg,b,,- is the number of, co‘okstoyes in the ori;;inal base year stock in

each eqhibmeﬁt class by house type and Census Division.

There ls no need to calculate the pro;ectlon to the current year, as it was already
calculated in the RDSTVEQC subroutine.

It then calculates the 'average efficiency of all 1993 cookstoves,

o _(, _ EOSESE,, EQSESE, 1  (135)
RIBASEFF, ., = (msm,_m (1. \EQSE.S,'E,_,“) xEQCEFF,_,,g)x BQSESE, . (13!

where, - T . . o .
RTBASEFF,,, s the stock average efficiency for rhe remaini,ng 1993 equiprhent,
EQSESE, ., - is the remaining unretired stock of 1993 eooking equipment, by

- vyear and equipment class, and ‘
EQCEFFy,eg ’ is the average efficiency of equrpment retlred in each year, from

" the RSEFFO1 file.

The unit energy. consumptlon calculatlon for cooklng is very snmple First the UEC for
"the survrvmg equipment, ,
msm,m »

EQCSUEC’ = EQCUEC,

where,
EQCNUEC,, ;. is the unit energy consumption for surviving cooking equipment
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in the current year by housmg type and Census Division,
EQCUEC,,,, is the unit energy consumption for cooking equnpment in the
current year by housing type and Census Dlwsnon, and

RTBASEFF, g are the annual average efficienciés for the equipment classes.

/ ~ ;
For new equipment,

i 2EQCE yegbhr , if WTEQCEFFN, >0

RTBASEFFyges ., s

EQCNUE reasy = BRCUEG 'q'bf (137)

EQCNUEC,,;, = EQCUEC,,,, . , etherwise

where, _

- EQCNUEC,,,,, is the unit energy consumption for new cooking equipmeni in

, the curient year by housing type and Census Division, .
EQCUEC, ., | is the unit energy consumption for cooking equipment by

' ’ clase, hoasing type and Census Division, _ |

WTEQCEFFN, ., . is the weighted average cooking usage for new equipment in

' ‘the current year by.houéing type and Census Division, and:

R7;BASEFF,993,By is the 1993 efficiency of _the'cookin_g equipment class.

For replacement equipment, '
WIEQCEFFRM by

EQCRUEC, s, = EQCUEC, ), * RIBASEFF g, » if WIEQCEFFR, ;>0 (138)
EQCRUEC,;3, = EQCUEC, 5 | , otherwise "
where,
EOCRUE,Cy,eg,,,,, is the unit energy consumption for replacement cooking
| equipment in the current year by housing type and Census
D|V|s10n, | | )
EQCUEC,,eg,b is the unit energy consumptlon for cooking equipment by

,class, housmg type and Census Division, -
WTEOCEFFR vegbr 1S the welghted average cooking usage for replacement _
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‘ ,equipment‘ in the current year by housing type and Census
Dlwsnon, and

RTBASEFFzgéa,,g is the 1993 efflc:ency of the cooklng eqmpment class.

‘For the average efﬂcnency, the initial year level is set to the new equ:pment efficiency:
If y 1994 '

EQCAUEC, yrgbr

| e, o9
lfy > 1994, | | | '
EQCAUEC, o, = EQCNUEC, o5, o -, i denominator0

EQC yeghr X EQCRUEC yiegbr
+ EQC yeghr. X EQCNI]ECY#SJJ ‘ ‘ ‘140)
+ EQCADD, ., x EQCNUEC, ;. S .
oL + EQC‘S‘; yeghr x EQCAUgC 'y-1.8.5.r )
U .
EQCAUEC o - . + EQC, UR;.eg_.b.r +EEQCQC‘REP1 r-‘l.eg_.b.r , qthcrwi.se
+EQCADEDQ CRP90 yieg.bar. yegbr

 cs.5»+ EQCSRS0, , ﬁvzqc.s'wzw b

And energy consumption is also defined sebérately for the base year:

EQCES ' egtr X EQCSUEC, . -
CKCON,,,- Y| + EQCADD, , x EQCNUEC qﬁ, i y=1993 . 141)
-+ EQCRPS0, ., EQCRUEC, |

EQCESE,,,, % EQCSUEC,,,
+ EQCADD,,,;, x EQCNUEC,,,

— | + EQCRP90, _,  x EQCRUEC .
CKCON,;, = ij . EQCSR90 :j: « EQCAUEC > |+ f>1983 - (142)
‘ '+ EQCREP, ., x EQCNUE

|+ chswz,,,‘Z ' x EQCAUEC,

‘Cl'othes Drying

RDRYTEC (Clothes Dryer Teéhnolbgy Choice Cdmponent) ‘
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B-72 NEMS Residential Demand Module Documentatlon Report

Netm P - S B T I N PR M i et e N B PR I I T TP L S S



Compute current year operating costs,

RTBASEFFges., (143)
RTEQEFF,,

OPCOST,,,;, = PRICES,,  x EQCUEC,,, x HDDFACT,, x

where, :
OPCOST,, o5,y is the operating cost for the equipment type by year, housihg
_ type, Census Division, and vintage,' '
PRICES,, is the fuel prices for. the equxpment from NEMS, by fuel, by. :
- ‘ region and forecast year,
EO_CUEC,, eg,b . is the unit energy consumptlon by Census D|V|5|on, equipment ‘
' . class and housing type, _
RTEQEFF,, is the equipment-efficiency, o
RTBASEFF 1993,q is the 1993 stock-average efficiency.’

The following variables are computed as in the equations indicated:

LFCY, ey is the water heater type’s life cycle cost by year, housing type
' Census Division, and viﬁtage. It is computed as in (20) above.

EOWTN vesbr is the equipment weight for new equipment type by housing type, '
_ Census Division, apd year. ltis computed a»s' in (24) above. .
EQWTR,,.,, is the equipment weight f'or.replacement equipment by housing -
type, Census Division, and year. It is computed as in (25) above.

TOTEWTN,,, ;. is the sum of equipment weights for the new equipment class. It

| is. computed as in (26) above.

TOTEWTR, ., is the sum of eqhipmen_t weights for the new equipment class. It
' s computed as’in (27) above. . ‘

Market shares for new and replacement dryers are next: - -
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I

NEQTS I e - B ' (144)
i S |

where, , . :
: NEQTSHR,;es,,,,, is the new market share- of clothes dryer equnpment types by
' housmg type and Census Division in the current year, ' '
TOTEWTeg is the sum of equrpment weights for the r\rew‘equrpment cl_ass,

EQWT . is the equipment weight for new equipment,and

The cla‘ss'averages of equiprhenr type efﬁcieneies for clothes drying équipment are

calculated as for other end uses:

TEMP = Y, EQWIL,;,

o , EQWsz
\ , §3 ( RIEQEFF:) . . -{145)
WIEQCEFFA, 5, = e ), if TEMP>O.
. MEQCEFFAM o = WA;— ., otherwise

where, . )
WTEQCEFFA,.,,, is the weighted average usage of clothes dryer equipment
classes in the current year by housing type and Census .
. Division,-and
EQWT,, | is the equrpment welght for each type of new equrpment
DRYADD IDryer Additions COmponent)

New clothes drylng equrpment is calculated usrng a saturation level for newly-bought ’

equipment
EQCADD, ,, = E[HSEADD x NEQTSHR,,;, x _NE%&) (146)
‘where; | ,
EQCADD,,,,, is the amount of new (poSt-1993 vintage) equipment added in

i
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" new housing units in the current year by housing type and Census

Division, _ | '

HS‘EADDY,,,,,\ is the number of new housing additions in the yeaf by housing

| . type and Census Division, |

NEQCSHR, ., is the mark'et share of new clothes dryer‘equipment types by
housmg type and Census DlVISlon in the current year, and

NEWDRYSAT,, is the level of market penetration of new clothes dryer. equnpment
by housing type and Census DIVlSlon, expressed as a percent,
from the RMISC file.

The next step is to calculate the numbers of dryers of each vintage category. The
following variables were computed as in the equations indicated:

EQCSR90 is the surviving post-1993 vintage equipmentin bre-'1 994 housing

v.eq.b,r
units in tHe current year by housing type and Census Division. It
is computed as in (37) above. )
EOCSURy,eg,,,I, is the surviving new (post-1 993 vintage) equxpment in the current
: year by housing type and Census Division. It is computed as in
(38) above. c

EQCREP is the number of replacement units (post-1993 vintage) equipment

y.eg.b,r
demanded in multi-family or mobile post-1993 vintage housing

" units by housing type'and Census Division, computed as in (39).

The new technology cﬁoice compohent allows switching Whe_n replacing clothes
dryers in post-1993 (and.pre-1 994) single family homes only. Users may spec_ify the
fraction of homes which rﬁay switch away from a certain technology by setting the
values RTSWFACTeg in the RTEKCL data file. Retiring values are first calculated as in
(39) and stored as OFEQCREP,,,,. The code then calls SUBROUTINE
REPLA‘CE(EU,RSYR,R,B',RECCL,1) for replacements with switchi'ng in post-1993
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single-family housing where,

EU  ‘isthe end use number ‘(5 for clothes dryers),

RSYR s the calendar year,

R |s the census division,

B | is the bunldlng type (currently always 1 for smgle-famlly),
RECCL is the record number from the RTEKCL flle,
FLAG s set = 1 for post-1993 housing.

Replacement units demanded in.mdlti—famil'y or mobile pre-1 994' housing units is,

EQCRPS0,,,,, = BOCESE s, * HDRS ™ Fews L (147)
EQCRPMM 5s = BQCESEig00,53,°% HDR™® x ELDRYPR,, , g’eg—electnc

where,
EOCRP90 y.ea .

£QCSRI0, ,,g,,,

" EQCESE 1993,00,5,r
ELDRYPR,,

HDR,

- is the number of replacement unites demanded in multi-family

or mobile pre-1994. houeing uhits each year by housing type :
and Census Division, ) '

is the survwlng post-1983 vintage eqmpment in pre-1994

" housing umts in the current year by housing type and Census

D|V|S|on,
is the base year old equ1pment in pre-1994 housmg units by

i

housing type and Census Division,

isa set of dryer penetration rates by housing type and Census
, D|V|s10n, from the RMISC file, and

is the housmg demolition rate by housmg type.

Furthermore, a second call to SUBROUTINE REPLACE(EU,RSYR,R,B,RECCL,Z) allows

,syvitching to any technology when replacing clothes dryers in pre-1994 single family

homes only. Retiring values are first calculated as in (147) above and stored as’
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OEQCRPI0,, ., ; - Users may sbecify the fraction of homes which may switch away
from a certain technology by setting the values RTSWFACT,, in the RTEKCL data file.
In the second call, FLAG = 2 for pre-1994 housing. “

RDRYCON (Clothes Dryer Energy Consumption Component) ]

Dryer Ene}gy Consumption begins, as do the other conéumption'components, with the
calculation of the base year dryer stock, which could just as easily have been done
in the prolectlon subroutine, and the recalculatlon of the base efficiency used in earller

subroutmes, as shown in equation (91).

Next come the unit energy consumption calculations. For dryers, there are only three.

First, for surviving equipment,

EQCSUEC,,;, = EQCUEC,, 5% mm’éi“ (148)
where, _ )
.EQCSUEC,, wear. is the UEC for surviving 1993 equipment in each equipment class,

by housing type and Census Division, and
RTBASEFF,,, is the base efficiéncy of the same equipment in each year.

For new equ’ipmeﬁt,
EQCNUEC, 4 5,,= EQCUEC,,, , x WIEQCEFFN,, 3, ¥RIBASEFF, ;| if WIEQCEFFN, 33,20 4 40,
- EQCNUEC, ;= EQCUEC A , otherwise
‘where, -
EQCNUEC, ., is the unit energy consumptlon by year for new equipment by -
housing type and Census Division, ;
' WTEQCEFFN,, ., is the new equipment efflg:lency by .year, equipment cla’ss,
~ housing type and Census Division,
RTBASEFF,,,, is the base year efficiency of the equipme‘n;c class, and
EQCUEC,,, is unit energy consumptién for equipment in 1993'housing by
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Census D|V|S|on, equnpment class and housing type.
For replacement equnpment ' ‘
EQCRUE " eabs= EQCUEC, mxszQCEFm”,,xMBASEFFm + f WIEQCEFFR 5,70 (150
EQCNUEC, et~ EQCUEC, o s .otherwise :
where, o - ‘ ‘ o . . S
- EQCRUEC, ,,,, is the unit energy consumption by year for replacement
' o ‘ “equipment by housing type and Census Division, -
WTEQCEFFRy,_,g s isthe replacement efficiency by year, equipment class, housing
type and Census Division; ‘
RTBASEFFy,e;,, . s the base year efficiency of the equupment class, and
EQCUEC, eqi is unlt energy consumption for equipment in 1993 housmg by

Census Division, equipment class and housing type.

The average of the two unit energy consumption variables is,

EQAVEC, ., = EQCNUEC, ., \ |, i y=1993
EQCAUE yeghr = EQCNUEC, o5, ..., if the equipment stock < 0

- EQCRP0, .ee.b XEQCRUEC.QJ’: ) “ (151)

* EQCREP x EQCNU. Mr.b.r - ’ .

+ EQCADD, rebr " x EQCNUEC, ;. :

- + EQCSR90, »ee.b.r X EQCA y-1,e8.5.r
SU C

EQCAUE yegbr = * BQCSUR cg5, X EQCAUEC, 105 , otherwise -

EQCRP90,,,,, + EQCREP, + EQCADD, .,
o + EQCS .ee.b.r + EQC S URJ&e.b.r

Finally, the energy consumption calculation is simpler than most of the other end
uses: ' L ' |

EQCESE ,,4,, x, EQCSUEC | E
DRYCON,“_, =Y | + EQCADD,,,, x EQCNUEC, e | iFy=1994 (152)
-b * EQC .ex-b.r x EQCRUE yeg.br :

~
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Refrigeration

EQCESE,,,,, x EACSUEC, ., |
_ +-EQCADDM‘M x EQCNUEC, .., .
J + EQCRP%0 x EQCRUEC. i ‘ 1 53)
DRYCON. = i yezbr yezbr | (
G ; + EQCSR90’ eghr % EQCAUEC,,eg.b.r .
+ EQCREP”: 5r X EQCNUEC,

yegbr

| ¢+ EQcs UR, ., x EACAUEC, ., |

RREFTEC (Refrigerator Technology Choice Comﬁonent} -

Equipment operating cost for refrigerators ié,

where, ,
OPCOST,.,.,

PRICES,,,

. RTEQEFF,,
FACTOR

OPCOST,

' ow = PRICES,, x RIEQEFF,, x FACiOR - (154)
is the operating cost of the equipmeni type by housing type,
Census Division, and vintage in the current year, ‘

is the fuel price in the cufrenf year by Census Division, from the
NEMS Macroecoﬁbmic Module, |

is the e%ﬁciencies of the refrigerator types, and

is a f factor, MMBtu/kWh, assigned the value .003412, that

converts the units of RTEQEFF,,, which is expressed in kWh for -

refrigerators and freezers, rather than as a dimensionless

efficiency as for stoves.

The following variables are computed as in the equations indicated:

LFCY,,,,
EQWTN,,,,

EQWTR,,,

is the life cycl-e cost for the type of equipment by Census Division
and vintage. It is computed as in {(20) above.

" is the equipment weight lébr new eqhipment type by housing type
and Census Division. It is ‘computed as in (24) above.

is the equipment weight.for replacement equipment by housing

1
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TOTEWTN,,

‘TOTEWTR,,

. And for all others,

where,
" NEQTSHR, .. s,

REQTSHR, o,

-

TTDSHR

B-80

- type end Cenisus Division. It is computed as in (25) above.

is the sum of the 'individual weights for each type of new
equipmerit by houeing type and Census Division. It is computed
as in (26) above. “ o . |

is the sum of the mdlwdual weights for each type of replacement
equipment by housnng type and Cens_us Dyvnsnon it ls'computed

as in (27) above.

-

The two available classes of refrlgerators, through-the-door and others, have: market '

. shares, dlstlngmshed by TTDSHR. ‘For through-the-door refrlgerators, /

NEQTSHR, csss = TIDSHR . : (155)
REQQSHRW,, = TTDSHR ' (156)
NEQTSHR, ., = %’ﬂ-—"_r. x(1 - TIDSHR) 0 usn
. - IE"n‘b.r - .
REQTSHR, ., = L Resr 1 - TIDSHR) | ' (153)

L4

is the market share for new refrigerators of the equipment type in

,the cUrreﬁt yeef by housing type and Cens’us Division,

|s the market share for, the replacements of equipment type in the

current year by housing type and Census Division, and

‘is"the share of side-by-side refrigerators with through-the-door

access features, presently-set at .267.
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> '[mm,@ x RTEQEFF,)]

WIEQCEFFN,,_, - & i (159

yeg b E NEQTSHR'VM’ . »
. Y [REQISHR,.,, x RIEQEFF.] i 160
WTEQCEF. : 160)

FR,“,,,, ' zc: REQISHR, b . o

where, .
WTEQC'EFI’-'Ny’eg,,,,, is the weighted average usage of new refrigerator classes by
‘ housing type and Census Dlvrsmn, )

WTEOCEFFRyegb, is the weighted average usage of replacement refngerator

. .. classes by housing type and Census Division, )
RTEQEFF,, .is the efficiency by refrigerator type, from the-RTEKTY file,
NEQTSHR essr IS the new market share for the equipment types in the current :
year by housmg type and Census Division,
| REOTSHR ves.br is the market share for the replacements of equipment types

in the current year by housing type and Census Division.

RREFADD (Additions to the Refngerator Stock Component}

Refrigerator additions are very simple. Constant multrphers ensure that 10 percent of

?

new single famlly homes receive secend refrigerators, and that there is one

refrigerator in each other home | ‘ ' ' |

' | EQCADD,; s = HSEADD,;, x 1.1, if b=single family home
EQCADD, ., = HSEADD,,b.r » otherwise

(161)

where,
EQCADD

veobr 1S the amount of new (post-1993 vintage) refrigeretors addec in

new housing units in the current year by housing type and Census
Division, and )
HSEADD,,, is the number’of new housing units constructed in the current

year by housing type and Census Division.
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~

only three‘ other vintage combinations are c_alculated for refrigerators. The following

variables are computed as in the equations indicated:

EOCSRQO reg.bir is the survwmg new (post-1993 vmtage) equipment in old (pre-
1994 vmtage) housmg umts by housing type and Census Division. -
It is computed as in (37) above i
’ EbCRPQOY,eg,b'[ is ‘the number of replacement (post-1993 vintage) equipment inl
.p’re-1994 housing uni:cs, in the current year by housing type and
Census Division. It is- computed as in (41) above. (Subroutine
o REPLACE is not called when replacing refrigeratols )
EOCSUR vegbr IS the surv:vmg new (post—1 993 vintage) equipment in the current
year by housmg type and Census Division. It is computed as in
, . (38) above. ‘ ' ,
: EQCREP, ., isthe number of replacement units (post-1993 vmtage) equipment
demanded in new (post-1993 vmtage) housing umts by housing
type and Census Dlwsnon It is computed as |n (39)- above.

(Subroutlne REPLACE is not called when replacmg refrigerators.)

RREFCON (Refrigerator Energy Cansulhptian Component)

. The national totals of base year stocks of refrigerators, EQSESE gg3,, are calculated
as in the other modules. See equation (1 4). Also, the normal recalculatlon of the base
efficiency, RTBASEFF egs @S iN equation (91). '

Then follow the unit energy eonsumption calculations for surviving, new, and
replacement equipment, and their averages Fifst for.surviving equipment,

. _RIBASEFF, | g (162)
mmim“ T

&

EQCS yegbr = EQCUE .ex.b

where, )
EQCSUEC,,,, isthe UEC for survuvmg 1993 equ:pment in each eqmpment class,

A
~
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by housing type and Census Division, and
. 'EQCUEC, ,,, is'the UEC for the orfginal 1993 equiprﬁent in each equipment
| class, by housing type and Census Division, and _
RTBASEFF,,, is the base efficiency of the same equipment in each year.l In the
équation', the ratio between the‘éffic‘i_endies is inverted because of

the convention that I'?TBASE_FF,g is usage for refrigerators.

For new refrigerators,
. EQCNUEC,,,, = EQCUEC,,., x IR N case - (163)
wheré, S
EOCNUECy,e:q,b,, is the efficiency-weighted unit energy consumption for new
refrigerators in the current year by housing type and Census’
: ' Division, - ' - o
' EQCUEC, .is the unit energy consumption for 1993 refrigerators by
, housing type and Census Division, .
WTEQCEFFN,,,,,, is the market s_hére-weighted usage of new refrigerators in the
' current year by housing type and Census Division, and "
RTBASEFF495,, is the 1993 stock-average efficiency of refrigerators.

For replacement refrigerators,

‘ WIEQCEFFR, . :
EQCRUEC,,,,, = EQCUEC, ., x —Eﬁ | -(164)

where, »
EQCRUEC, ., is the efficiency weighted unit energy consqmption for

replacement refrigerators in the current year by housing type

and Census Division, .
| WTEQCEFFR,;, is the market share weighted usage of replacement
refrigerators in the current year by housing type and Census ‘
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Division, | .
‘ RTBASEFF,9;<,3,,_,9 is the 1993 stock-average efficiency of refrigerators.

‘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 refrlgerators are second
refrigerators in the home, running at the 1993 base UEC level. Thus, each expression

calculates the consumptlon for 1 of the refrigerators at ex:stlng equnpment rates, and

N e

.9 at current year new equment rates. .
EQCAUEC, 5, = EQUNUEC, L . - 1994
EQC EQCRI_IEC’“'” ‘ S,
B + EQCADD, a,,,x 1xEQCUEC, ,, ,
+ (EQCADD, ,, '8 + EQCREP, _, YxEQCNUEC,,,; . - | (165)
+ (EQCSK90 \csbr +EQCSUR,41,,)><EQCAUE riass) | o1991

- EQCRPQO”GJ,’ + EQCSR90 yeghr
+ EQCADD,,,,;, + EQCREP, s, + EQCSUR .,

'EQCAUECM”',:

where,
EQCAUEC,,, is the average unit: energy. consumption of refrigerators in the

current year by housing type and Census Division.

The weighted average usage is now calculated. o
WIEQCEFFA, oy, = WIREFFN,,, . . . , if y=1994
. . - or WIEQCEFFN,,,,, <0

. EQCS ,Q,b} X mEFFA,_,NJ,’ A - '

C |+ BQCSUR., x WIEQCEFFhy 1y, ~ (1e6) ®
' + EQCRPA0, . ;, x WIEQCEFFN,, ;, o
+ EQCADD, vegbr X 9 x WIEQCEFFN, .,

+ EQCREP, ., x WIEQCEFFN, ..,
+ EQCADD, .5, x -1 x RTBASEFFigqq,,
EQCSR90 ez + EQCSUIQ
. + EQCRPY), ., + EQCADDM,_,,', EQCREP, ,,,

. And the energy consumptxon.( If year = 1994,

’

, Otherwise

WTEQC yesbr =

. Energy Information Adminstration =~
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. REFCON,, =

If year >1994,

. REFCON,,

where,
- EQ (JCONVI,
EQCESE,,,

EQCADD, ,,
EQCRP90,,,
EQCRUEC;Y-, o
EQCNUEC,

EQCUEC,,

EQCESE, g3, % EQCSUEC, .Q.b.r

Dy'q’b, x 9 x EACNUEC
+ EQCRPS0, .o, x EQCRUEC, .eg.b.r

-

( EQCESE’“’” x EQCS UEC, .q.b.r
+EQCADD,q,x1xEQC r.q.b
+EQCAD,“'6,x 8 x EACNUEC, ., .
E + EQCRP0, yegbr X EQCRUEC, y.q.b.r - . (168)
b + EQCSR90, ., EQCAUECy.q.b.r ’
. + EQCREP,,,, x EQCNUEC,,,,,
\ * EQCSUR,.%&, EQCAUECyex.b.r Y,

is energy consumptlon for refngeratlon,
is the surviving old (pre-1994 vintage) equipment in old (pre-1 994
vintage) housing units in the current year by housing type and

Census Division,

is the amount of new (post-1993 vintage) refrigeratoi's added in .

new housiﬁg units in the current year by housing type and'Census

Division,

is the number of replacement {post-1993 vintage) equipment in

pfe-1 994 housing units in the current year by housing. type and .

Census Divisioh,

is the efficiency: weighted unit energy - consurﬁption for
_replacement refrlgerators in the current year by housing type and
Census DlVlSlon, and

is the efficiency welghted unit energy consumption for new
refrigerators in the current year by housing type and. Census
'Division. A

is the unit energy consumptlon for refrlgerators by housing type

and Census va;snon
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Freezers

‘RFRZEC {Freezer Technolagy Cholce Companent) .
Again, the processmg of the ‘market share weights is like the other end uses. The

following variables are computed as in the equations indicated:

OPCOST,....

LFCY,,,
EQWTN,,,,-
EQWTR,,,,

TOTEWTN,,

TOTEWTR,,

is the operating cost of freezers by housing type and Census -

‘Division in the current year. |t is computed as for refrigerators.

. See (154) above.

is the life cycle cost for the type of equnpment by Census Division.
Itis computed as in (20) above.

is the equnpment welght for new equ:pment types by housmg type.
and Census DIVISlon lt is computed as in (24) above

is the equ:pment 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
equnpment by housnng type and Census Division. It is computed"
as in (26) above. ' " ,

is the sum of the xndlvidual weights fof each:type of 'replacement
eouipment by housing type and Cen_sus(Di\'/ision. It is computed

as in (27) above.

~ Shares for equipment types, in normalized form, are calculated somewhat as usual:

_ B-86.
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1

NEQTSHR, ,,, = UPSHR . o , if es=upright freezer

EQWIN;, . (169)

NEQTSHR, .5, = — - x (1 - UPSHR) , otherwise
L4

REQTSHR, ., = UPSHR ., if es=upright freezer

, ] (170)

REQTSHR,.;, = S Roesbs_ 4 (1 - UPSHR) , otherwise .
. mm.e:.b.r )

wher;a, ‘ . ‘
'NEO TSHR, o, is the new market share for the equipmegt 'type'in the current year
‘ ’ by hbusing type and Census Division, /
REQTSHR, ., is the market sﬁare for replacement of equipment types in the
' current year by housing,t;lpe and Qerisus Division, and o
UPSHR is the market share for 'uprighf freezeré, set in the coi'npohent to

a constant value of .414.

The average efficiencies for new and replacement equipment are standard:

Y RTEQEFF,, x NEQTSHR,,,,
WIEQCEFFN, ., = -£ . ‘ (171)
yegbr z: NEQISHR’”J,, .
> RIEQEFF,, x REQTSHR, ., ~
- ' (172)

PR Mycaas = = ¥ REQTSHR,,,
where, ! |
WTEQCEFFN, ,,, isthe market share-weighted usage of new refrigerators in the
| current ygar by housing type and Census Division, -
‘WTEQCEFF y'e;,b,, is the market share-weighted usage .of replacement
' refrigerators in the current year by housing type and Census
Division, , ‘ , ‘ '
NE('JTSHRY,,,S’,,,, is the new market share for the equipment type in the current
yeaf by housing type and Census Division, and
'I?EOTSHRY,”I,,,', is the market share for fhe replacements of equipment type in
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the current year by housing type and Census Division.

3 RFRZADD (Additions to the Freezer Stock Component) : ' ‘
Calculations of changes in the freezmg eqmpment stock include all seven categorles '

of vnntages Addmons post-1 994

where,
- EQCADD

y.eq.b,r

HSEADD,,,

FRZSAT,

. BQCADD, ;, = HSEADD,,, x;_”?“o_bflz R £1
is the amount of new (oo_st~1 993 vintage) equipment added in
new housing units in the year by housing type and Census,

' Division, .. o |
is the number of new housmg umts constructed in the current
year by housing type and Census Division, and . ,
is the rnérket penetration level of freezers by housing type and

Census Division, from the RMISC file, expressed as percents.

The following variables are computed as in the equations indicated:

EQCSR90,,,,

EQCSUR,,,

'EQCREP,,,

B-88.

is the surviving new (post—1993 vmtage) equ1pment in.old (pre-
1 994 vmtage) housing units by housing type and Census Dlwsnon

Itis computed as-in (37) above.

. is the amount of surviving new (post-1 993 viniage) equipment in

“new (post-1993 Vintage)’ housing units ’in the current year by
housing type and Census Division. It is 'co_mputed as in (38)

above.

is the number of replacements for the current year in new (post-

1993 vintage) housing units by nousing type and Census Division '

Cltis computed as in (39) above. (Subroutine REPLACE is not

" called when replacmg freezers.) -
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And the number of freezers for replacement in old houses is .
EQCRPS0,,,, = (EQCESE g5, < HDR} "™ - EQCESE, ) x FZRPFAC - EQCSRS0, ., 1174)
where, | , o . .
' EQCRP90,,, is the number of replacement (post-1 993 vintage) equipn1ent in
pre-1994 housing units in the current year by housing type and
, .Census Division, and ' L '
v FZRPFAC is the percent of retired freezers that are replaced, presently set .

to .7 in the component. (Subroutine REPLACE is not called when .~

replacing freezers.) ' o .

FRZCON {Freezer Energy Consumptwn Component} ‘
"The " detailed unit energy consumption variables are computed exactly as for
refngerators , _
EQCSUEC,,,,,, isthe UECrfor surviving 1993 equipment in each eq‘ui.prnent class,
by housing type and Census Division, calculated' as in equation
(162), | L |
EQCNUEC, ,,, is the efficiency-weighted unit energy consumption for new
refrlgerators rn the current year by housing type and Census
Division, calculated as in equation (16_3).,
EQCRUEC,,,,, is the efficiency weighted unit energy consumption for
replacement refrigerators in the current year by housrng type and

Census Division, calculated as in equatlon (164).

Average UEC’s are different, nowever. They follow the pattern of cooling equipment,

given in equation (95).

Weighted average usages are then calculated,
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WTEQCHFA”&” = WTEQC y.eg.b.r ‘ , ’ ~» f y=1984
. ‘ " or WIEQCEFFA < 0
EQCSR90, yegbr kWIEQCEFFA;_,mb’ ’ . ’
EQCSURy.q.b.r X mQCEFFA)-M&b: (175)
+ EQCRPI0, yegbr X 'WIEQCEFF. Ry.cx.b.r ' :
'+ EQCADD,,, x WIEQCEFFN,_,,
+ EQCREP, vegbr X WIEQCEFFN, .e:.b.r
EQCSR90, ., + EQCS UR} ’
+ EQCRPS?O“',,,r + EQCAD - EQCRE ‘g'b_,

WIEQCEFFAy 5, = L ify>1994
where, _ _
WTEQCEFFAyeg,,, is the market share weighted average usage of freezers in the

current year by housing type and Census Division.

Finally, the energ‘y consumption calculation follows the usual pattern:

' - EQCESE, . ;,,xEQCSUEC, ., i
) PRI -
B przcon, ,, - E + EQCADD,,_, xEQCNUEC,_.|x [_CE;S'&_) , if y=1994
%" | |+ EQcres0, ez EQCRUEC, ) PRICES,,, '

[ ( EQCESE, ..}, x EQCSUEC, ., )
+ EQCADD “,b', x EQCNUEC, .,

o + EQCRP0), ;. x EQCRUEC, ;. PRICES,,, ¥ | . (177) -
FRECON s = Z: + BQUSR, . x BQCAVEC, 05, | | PRICES ) |77 1"
+ EQCREP, m,,,, x EQCRUEC, .., | -
+ EQCSUR, . x EQCAUEC, 1 3,)
. gt /
Lighting -

Lighting is considerably different from the 'vforegoi'ng end uses. It is handled entirely
outsnde the user-modifiable environment, embodxed in the RTEKCL and RTEKTY flles,
- that is used for the major energy-consumlng ‘end uses. For lighting, there is a smgle

component, as shown.in the following sectlon.

LTCNS (nghtmg Energy Consumptzon Companent}

The component begins with a market share table that glves the market shares for
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three different efficiency levels of lith bulbs, EFF,,

Efficiency Market Shares

_Level 1993 2004 2015
18 . .97 T80 T80
67 .03 .10 .20

88 .00 ° .00 .00

Usmg a linear interpolation over each of the.11-year time spans in the above table, the ..
component calculates a matrix, MK TSHR”S of lighting market shares as a function of
time. From that, it calculates a matrix of average usages that are assngned equally to

all housing types and regions:

WILEFE,,, = );(E;F xMKTSHRm],fmez,s LA

where,
- WTLEFF,, ; are weighted-average usages for llghtlng, by year, housnng type and
' Census Division,
EI-;Fes ' are effncne_nmes of the three classes of lignt bulbs, from the table"
above, and - T
MKTSHR, ., are annual market shares fO( the lighting classes, from the table

above.

Next, the component calculates unit energy consumption

LINUEC,,,

= LTUEC,,, x WILEFF,,, x RASEFF (179) -
where, , ‘ .
LTNUEC,,, is the unit energy consumptien for Iighting'l)_y year, Census Division
: and housing type, : ‘
LTUEC,, is base’ year unit energy consumption for hghtlng by Census Division
and housing type, from the RSUEC10 file,

WTLEFF,,, is the weighted-average usage for lighting calculated above, and
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-

BASEFF - is the base efficiency for lighﬁng equipment, set at.present ;co .‘1 8in

the component.

Lightlfng'energy ponsumption is cajculated from the UEC as follows:

. LTCON,, = X [(Ey, + NEy, SQFTLTS,,, ) x LINUEC, ;| (180)

where,
LTCON,,

EH1993,6,r

NH 1983,b,r

i
4

'LTNUEC,,,,

SQFTLTS,,

is the energy co‘nsﬁrhption_ for lighting by yeér' and Census
Division, ' ' )

is the number of old (pre-1'994), housing uhits in the current year
by housing type and pensus Division.,

is, the number of new (post-1893) housing units in the current

year by housing type and Census Division,

is the unit energy consumption for lighting by year, Census

Division and housing type, and.

~ is the average floor aréa of homes, relative to 1993 floor areas,

calculated from the floor areas given in tﬁe RSSQRFT file, used to

adjust for increased lighted areas in future new homes.

Other Electric Appliances o S

Otherelectrical appliancesis a catch-all ,c/ategory.that includes miscellaneous electrical

"uses like toasters and lﬁai'r dryers that are used in homes, but do not fall inté_any of

the other categories of équipment that have their own modulé’components. The

component is evenéimpler than the lighting component,. as it uses two parameters to

evaluate consumption. . - \ ' . S

i

APCNS (Electric Applfance Energy Cans_dmpﬁan Component)

The two simple parameters are a simple adjustment to new homes, and a penetration

B-92
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. rate:

APCON,, = 3 [ (NH,, +

EH,,, ) xEAUEc,,,xPENRAw-"“] (181)

where, - .

APCON,, is electric abpliance energy consumption, _

EHyg955,  is the number of ol'd-(p‘re-1 994) housing units in the current year by.

housing type and Census bivision, |

NH 9935,  is the number of new (post;1993) housing unité in the current year

' by housing type and Census Division, '

EAUEC,, b is base year unlt energy consumption for small electrical appliances
‘ by Census Division and h_ousmg type, from the RTSUEC10 file, and

PENRATE is the penetration rate from RECS 87, 90' and 93 annual .grthh
' fates, set in the component to a-value of 1.08 declining to 1.02.

Secondary Space Heating -

Secondary space heating refers-to smali supble‘mental heaters, normally portable, fired
by electricity, kerosene or other fuels, that are used for spot heating or other

occasmnal stopgaps.

SHTCNS (Secondary Heating Energy Consumption Componenﬂ
Energy consumption by secondary heaters is calculated directly from' shéres‘by fuel

<

read into the model from a user file:
SHTCON,,, = 2 [ SHTSHR, X EH, < SHTUEC, 1, xABSHELL ., | -, i focoal
SHTCON, ,, f_) [SHTSHR, ,x(NH,,,+EH, ) xSHTUEC, ,, xACSHELL,, | , if f-wood  (182)

SHTCON;,, = zbj [ SHTSHR, ;% (NH, ;, + EH,;,) xSHTUEC, ;, xAHSHELL, .| , otherwise

where, : ,
SHTCON,,, is the consumptiori of energy by secondary space heating equipment

. ‘Energy Information Adminstration
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by year, fuel and Census Division, .
SHT.S‘HR,;,‘ are shares of seven fuels for secondary space heatmg by Census
‘ Dlwsron, :
E_H,g§3 5 IS the number of old (pre-1 994) housrng units in the current. year by
» housing type and Census DIVISlon, '
. NHige3s,, is the number of new (post-1993) housing units in tne current.year “
by housrng typé and Census Dlvrswn, ;
SHTUEC,,,, is base year umt energy consumptlon for small electrical apphances .
by Census Division and housmg type, from therRT_SUEC10 file,
' AHSHELLY,,, is tne‘average post-‘l 993 heating sh'ell index by year, fuel and Census
, Dlvrswn equal to 1 in 1993, and
ACSHELLY,,. is the average post-1 993 cooling shell lndex by year and Census
' Division, equal to 1in'1993..
The logic is designed as shown to constrain the component to disallow coal
supplemental heat in bost—1 993 homes, and to use t,he’cooling shell index i‘er\wood E
suppllemental heat, rather than tne.hea‘ting one, because wood is not one of the fuels

for heating shell indices. R

" Other Appliances
Other appliances refers to small appliances not covered in the other categorles that
‘do not use electricity as their primary fuel, such as backyard grills. Consumptlon alone -

is calculated.

" APPCNS (Appliarice Energy Consumptmn Component)

The formula is a simple calculatlon from housrng stock and unit energy consumptron
APLCON,, = S [ (W, + By, ) x APPURC.5]  (183)
-where,
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APLlCONy,,,, is the energy consumption by other appliances by year, fuel and
Census Division, ‘ - : - o -

EH 9938, ' is the number of old (pre-1994) housing units in the current year by

" housing type and Census Division,
NH,gga“,,,, " is the number of néw (post-1993) housing units in the current year
) by housing type and ansus Division, and

APPUEC,,, are unit energy consumption estimates from the RSUEC1O0 file, by

year, housing'type, and Census Divisi'on.

[}

Fuel Consumption Totals

FUELCN '{Fue) Consumption Totals Component)

The total residential energy consumption f_or. the nation is computed by summing end
use service consumptic;n by fuel for each Census Division. The division by a million
converts units from million Btu per year to trillion Btu per year. The factor LEAPYR in
each equation takes on the value of 1 in all years b‘ut leap years, when it has thé
value 366/365.

/

Natural Gas HIRCON,,,, + H20CON,,,, + CKCON,,., - :
' : : - (184)
RSFLCN, ,, = = DRYCON,, + cooz.cz?&, + SHTCON, ,,, -+ APLCON,N,A < LEAPYR"
Distillate HTRCON, 101, + COOLCN,, v, + H20CON, iy,
+ REFCON, .onsn., + CKCON, i, + DRYCON, -
.+ SHTCON, 1. coiierr + % ctecricyr * LTCON iy (185)
: . . .
- electricity,
RSFLCN, 1periciyr = 0o x LEAPYR
Electricity - APICON, s, + HIRCON, s, _
S ' + H20CON, 3 1,,,, + SHTCON, s, (186)
RSFLCNy distillate,r = >/ 1 M X x LEAPYR
LPG - ' SHTCON, ;p;, + APLCON, ;p;, S (187)
RSFLCN, 1, = HIRCON,1p, + I:zocozv, 226, * CKCON, 1e6, 10 ipvm
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o/

Kerosene- HIRCON, ierosencr ¥ SHICON, ;oo oner

RSFLCN, x LEAPYR
yheroseney =
) 1000000 ‘
Coal SHTCON,
: RSFLCN, oy, = ———2290  FAPYR
¢ © 1000000 .
Wood = - '* ' _ HIRCON, HTCON, 00
‘ RSFICN,, - 2RO ‘“"1 w;ozo ONywosis . 1 EAPYR
Geothermal  ° - - HIRCON,, 4..; + COOLCN,
o  RSFLCN, gooitermaty = - M"';" N, ety x LEAPYR
National Total : RSFLCN, wa-z ( RSFLCN,,, )
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g Abpendix D: Model Abstract

‘Model Name:
NEMS Residential Sector Demarid Module

Model Acronym:

None .

Description:

- The NEMS Residential Sector Demand Module is an integrated dynamic modeling
systerri that projects residential energy demand by service, fuel, and Census
Division. The.modeling methodology‘is' based on accounting principles and .
considers important iss_ues related to consumer behavior. Housing and equipment
stocks are tracked over the forecast period for seven major services. The major
services consndered are space heating, space cooling, water heatlng, cooklng,
clothes drying, refrlgeratlon, and freezers. A logit function is used to estlmate
market shares of eac_:h equipment tecbnology within each major service based on
either the installed capital and operating costs or the life-cycle cost. Lighting
chonces are modeled by assuming market shares for three specific lighting
technologles in specnflc forecast years. Mlscellaneous appliance consumption is
calculated as a function of Unit Energy- Consumptlon (UEC), a measure of energy
intensity developed from the Residential Energy Consumption "'Surve,y (RECS) data

base.
Purpose of the Model:

As a component of the National Energy Modeling System, the Residential Sector '

Demand Module generates mid-term forecasts of residential sector energy demand

_ Energy Information Administration . )
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fo.r the period 1993 through 2015. The model facilitates policy analysis of er‘lergy.

markets, technological development, and reguletory development.

Most Recent Model Update:
' October 1996. '

Component of Another Modeling System'
The Residential Sector Demand Module i is designed, executed, and malntalned as

- part of the National Energy Modelmg System (NEMS).

" Model Interfaces: ' -

* The NEMS Residential Sector Dernand' Module receives population and housing

construiction input data from the NEMS Macroeconomic Activity Module (MAM).

. Outputs in the form Gf quantities of fuel demanded in the residential sector are

. -provided to the' NEMS ‘lntegrating Module and the NEMS Supoly Modules:

_ EIectncnty Market Module, Petroleum Market Module, and Natural Gas Supply
Module ' ‘

' .Office Model Representative:

" John H. Cymbalsky
Office.of Integrated Analysis and Forecasting
Energy Demand Analysis Branch -
(202) 586-4815 -

' Documentation:
Model Documentat/on Report: ReS/dent/aI Sector Demand Model of the National-
'Energy Modellng System February 7 997.

k4
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' ’Archlve Media and Installatlon Manual:
The NEMS Residential Sector Demand Module has been archlved as part of the
NEMS production runs that generate the Annual Energy Outlook 1997 (AEOS7) on
the EIA IBM RS- 6000 workstation. The archive tape is a Verbatim 8mm-DL 112M
data cartrldge, serlal number 1046G11 2 under the name file1.

Energy System Described:

U.S. residential sector energy coheumption.’
Scope of Coverage:

o Geographic:' Nine Census Divisions: New England, Middle Atlantic, East
North Central, West North Central, South Atlantic, East South Central, West
South Central, Mountain, and Pacific . ‘

LR Time Unit/Frequeﬁcy’: Annual, 1993 fhrough 2015 is the current mid-term

' horizon ' .

] Products: Fuel consumption including: electricity, natural gas, distillate,
llquefled petroleum gas, kerosene, geothermal, wood, solar thermal, and
coal. Energy consumption per household.. -Equipment stock and effncuency

o Economic Sectors: Domestic residential sector

" e Services: Space heating, space coolingj, water heatihg, cooking; clothes
dryinQ, refrigeration, freezers, lighting, other electric appliances, other -
appliances, an‘d' secondary soace heating.

° Housing Types: Single-Family, Molﬁfamily, and Mobile Homes

Model Features:
[ Model Structure: Sequential 'algorithm composed of housing and equipmerit

stock flow algorithms, technology choice algorithm, housing shell integrity
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algorithm, end -use consumptron, and emissions calculations.

L Modellng Techmque Housing and equrpment stock turnover are modeled
using linear decay functions. . Market shares for each type of equrpment
choice are based on a logit functlon employlng installed capltal costs and

: operating costs. Unit energy consumption estimates, fuel prrces, and
equipment market shares are‘user inputs that drive'the‘ calculation of final:
end-use consumption. , ' '

®  Special Features: Technology choice logtt function has the ability to use
installed capltal and. operatrng costs or life-cycle costs to determine new

market shares
Non-DOE Input Sources:"

Amerlcan Home Appliance Manufacturers Assocratlon .
e Shlpment~we|ghted efﬁcrency ratings, for refngerators, freezers, and room air

conditioners.’

uU.s. Bureau of the Census, "Current Constructlon Reports-Serles 025
Characterlstlcs of New Housrng 1993 " 1994

®  New housing and base year market shares for some servrces and equrpment

types.

" Gas Appliance Manufacturers Association, "Consumers’ Directory for Certified
Efficiency Ratings," 1994.

Lawrence Berkeley Laboratory, "The Potential for'Electricity Efficiency

Improvements in the U.S. Residential Sector,” 1991

L Residential equipment technical characterization data.
' ‘Expected minimum and maximum appliance lifetimes.
Energy information Administration
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° Expected lifetimes of housing types.

The major data ihput sources are discussed in this Appendix. Appe'ndix C provides
additional bibliographic citations of data sources used in the Residential Sector
Demand Module. '
DOE Input Sources: )

u.S. Department- o'f,Energy, Energ'y Information Administration, Residential Energy

Copsumption Survey 1993.

o Base year market shares for services and equipment types.
] Base year housing stock.

] Unit energy consumption values (UECs) |

The major data input sources are discussed in this Appendix. Abp‘endix C prqvit_ies
additional bibliographic citations of data sources used in the Residential Sector

Derﬁand Module.

Computing Environment:

° Hardware Used: IBM RS-6000 370 Series

Operating System: AiX 3.2.5 _

Language/SoftWare Used: IBM XL FORTRAN Compiler/6000, Version 3.1.1
Memory Requirement: 3,000K

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 completion of the archival process. ‘

® Estimated Run Time: 08 seconds CPU time per iteration .

[ Special Features: None
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Independent -Expéit Reviéws Conducted:'
| Independent expert reviews of the Residential Sector C‘omponént Design Rebor.t,
May 28,1992 were conducted by Inderjit Kundra, Office of Statistical Standards;
' Fred Joutz, Office of Statistical Standards; Ronald D. Sands, Batelle Pacific
' Nbrthwesf Laboratory, James E..McMahon, Léwrence Berkeley Laboratory; and
“Francis X. Johnson, LaV\-lrence‘Bgrkeley Labora_tory. ) '

Status of Evaluation Efforts by Sponsor:

None.
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Appendix E: Data Qqality

This Appendix discusses fhe quality of the survey data source from which the
majority ‘of the historical housing steck,‘ appliance steck, and techno.logy |
information that drives the NEMS Residential Sector Demand Module is drawn.
This surv'ey. is the 1993 Residential Ene"rgy Consumption Survey (RECSi. Data
quality information. pertinent to additional sources used in the module development
is not available for this report. The parameter estimates included in the Residentfal'
Sector Demand Module are user-specified. A'sensitivity analysis of tne major

parameters is included in ' Appendix F, Medel 'Sensifivities.
Quality of Input Data

‘RECS Implementation \ _
The RECS procedure is composed of two instruments: the household survey and
the energy supplier suNey, Data is collected from a representative sample of
households through personal interviews. Billing data is next collected through mail-
qguestionnaires _from the energy supplier to the participating household; provided
that authorization is obtained from the household. The results of the household
and energy supplier surveys are presented in the Department of Energy
" documentation of the RECS 1993 survey1 2 \ ‘

Stage | of RECS consists of a personal interview. The sample for the interviews is-

1 us. Department of Energy, Energy Information Administration, Residential Energy

Consumption Survey: Housing Characteristics 1993 DOE/EIA-0314(93),
Washmgton D.C., June 1995

2 U.S. Department of Energy, Energy Informatlon Administration, Res1dent1a1 Energy

Consumption Survey: Household Energy Consumption and Egp_endltures DOE/EIA-
0321(93), Washington, D.C., October 1995.
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developed based on all units occupied as a primary residence in the 50 statés and
the Dlstrlct of Columbla The sample design process is composed of five steps
that dlsaggregate the geographic scope into housmg clusters of approxrmately 5

housing units to-be surveyed

The. interview responses provide irlformation- on housing structure includ‘ingv '
insulation, doors, Wirldows, space conditioning sys’;ems, use of wood fuel, energy
conservation improvements, household appliances, household vehicles, receipt of
govérnment aSS|stance for the cost of space heating, and demographics.
Householders were also asked to sign authorizatien forms to- allow access to their

billing records wrth energy suppllers

Stage 1l of the survey design consistsr of a mail questionrraire for energy suppliers
. -of the housellolds intervlewed"in Stage |. Sup_pliers of residential electricity,
natural gas, fuel oil, kerosene, and‘liquifiéd propane Qas (LPG) are confacted in
S'rage 1l. For the 1993 ‘RECS, each supplier was asked to supply billed quanfcities

and expenditures for the households interviewed in Stage |.

Data verification beglns with a marlua'l veriﬁcatio.n of the interview data from Stage
l. The q_ues:cionnaires are checked for completeness and co_nslstency. Interview
responses are compared to energy supplier data, and respondents are contacted in
the event that an inconsistency persists. These data collection and verification .

“procedures ensure the quality of the survey data.

~
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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 solution methodology of the NEMS Resrdennal Module is a direct, one-

pass, computation of linear and non-linear systems of equanons to develop the residential module

outputs such as quannty demanded by fuel type. Consequently, convergence within the NEMS

Residential Module is never an issue nor is’it relevant since the algorithm within the residential

module is not iterative.

The model requires no esnmate of the current-year solution to compute the solution to the NEMS
_ Residential Module since the current year solution depends on only the values of the solunon in
. the previous year plus the current economic conditions and cther inputs from the rest of NEMS.
Listed in descending 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 quantity of fuel consumed. This appendix contains a

series of sensitivity analyses for the purpose of illustrating the behavior of the residential module.

‘These sensitivities illustrate how the model responds to changes in key model inputs.

Although rigorous tests have not been performed to determine the rnaxirnal meaningful values
for the key mode] inputs, an indication of values for which the model has proven to be valid is

" given by those used in the sensrt1v1ty ana.lyses It must be stressed that care must be exercrsed

in selecnng mput values so that the model produces meamngful results.
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Theoretical Considerations .

Because of the direct (rather then iterative) solution algorithm and because all of the functions
_in the NEMS Residential Module are continuous and dxfferenuable in the domam of apphcablhty

" of the model (that is, when rcasonable and consistent mputs are provided into the model) the

- model always produces a unique solutxon Exxstenge and convergencc’are not an issue. As
‘previously mentioned, some of the inputs to the model ‘ma.y be correlated (as in certain
demographic and Macro-economic inputs) and if mconslstent pmrs of such mputs or negative
' prices are chosen then the model will produce meaningless results “This behavmr, however, is

consistent w1th the well know reality in computer models of garbage in - garbage out". When
the model isrunina stand-alone fashion, the user must be certain that the inputs are consistent

and credlble
Examples of input assumptions that wﬂl cause the model to pro'dliée meaningless resuits include:

. severely altenng base year data, e.g., doubling the emsung 1990
- housing stock,
- - characterizing unreallstlcally super-effic1ent" technologws with
low acquisition costs and ,
N modifying prices con51derably in excess of vanauons historically expenenced

-such as quadrupling prices in one year.
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Sensitivity Analyses

To dcmonstrate the NEMS Residential Module’s behavior under a variety of situaﬁons: se-veral
model runs were made to test its sensitivity to altered values for key input variables. These runs
were then compared with the Reference Case forecast used for the AEO 95. The sections below
describe the six major inputs and outputs chosen for tl:us exercise, as well as the results of the
analysis in tabular and graphical forr. -

lnput Variables ,
The six input variables chosent for the sensmv1ty analyses were selected based upon then'
perceived unportance in producing the AEO 95 forecast. The six variables and the magmtudc

of variation are given below.

Electricity, natural gés, and distillate prices. Prices for the three major residéhtial fuels wei'e;
each incre'ase’rd by 25 percent over their values in the AEO 95 Reference Case in every year of
the forecast (1995 throﬁgh 2010). Fuel prices affect the projected consumption levels in two
ways. First, there is an immediate "short-run" respons;e best thought of as immediate behavioral
"changes. For example, higher heating fuel pricés will result in lower ﬂiennoétat settings. These
near term behavioral respbnses are captured through the model’s short-term price elasticities.
Over a lénger interval, the efficiency level of both the building shell and the energy-using
equipment inside the house will also vary in respdnse to prik;es. For example, when the (
replacement of space heating equipment is neéeséary, higher fuel prices leéd to greé.ter efficiency
for purchased equipment and lower ‘energy éonsumpti_on. The longer-.tcrm equipment-related ‘
responses will alter fuel consumption over an extended number of years in contrast to the
1mmed1ate short-run effects. Based on these two: pnce-rclated Tesponses. (whxch operate in the
same direction but over different intervals), it is expected that contmucd higher fuel prices will

lower fuel consumption and energy mtcns:ty and that the effects will ténd to increase over time.
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Housmg stam Housmg starts by Census Dmsron and housmg type (single-family, multifamily,

" and mobile homes) are the macroeconomic variables which drive the NEMS Residential Model.
For each Census D1v1s10n and housing type, starts were increased by 10 percent every year,
relative to the AEO 95 Reference Case beginning in- 1995 Logically, these variables represent
household formation and are consrstent With a scenario with nnphcrtly higher population growth. .
. New resrdenual construction emboches new techmques and technologies and tends to be more
efﬁcient than the average existmg stock. Thus, it is expected that increasing housmg starts will
increase overa]l energy consumption, but at a rate which is less than proportional. Thus, energy
‘consumption per household (energy intensity) will decline for this model fun:

Equzpment efficiencies. - The efﬁciency of new equipment entering the stock plays a central role
in determining rhe average level of energy intensity for the residential sector. For this sensitivity
analysis, every ‘equipment efficiency represented 1n the model was increased 10 percent relative
_ to the AEO 95 Reference Case beginning in 1995. It is expected that higher equipment
efficiencies will cause both energy consumption and energy mtensrty to decline. Itis further
expected that the decline in consumption and intensity will deviate further from the Reference .

Case over time as equipment purchases make up larger and. larger shares of total equ1pment.

Weather. Weather also has a significant effect on resrdentral energy consumption, since the

-majority of the energy use in the sector is for space heating and cooling. The Unit Energy
Ccnsumpuon (UEC) estimates are. defined as energy consumiption' per household for specific
eq'uipment- and end-use categories (e:rarnples includé gas forced air space heating, electric air
conditioning, electnc resrstance space heating and gas water heating). The UECs are estimated
from the Energy Informauon Administration’s Residential Energy Consumption Survey

These UEC estimates reflect the weather conditions of the 1990 survey year which happened to

- be abnormally warm. To account for weather-related effects on energy consumption, the forecast
UEC values are adjusted from their base year values based on actual weather in 1991 through
1994 and for "normal” weather reflective of long-term climatic conditions for all other forecast
years. . Depending on the fuel, the heating UEC values are adjusted upward by varying amounts |

. Energy Information Administration ,
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to account for the extremely warm winter during the survey year. For this sensitivity analysis,
no weather adjustl:ncms were made. It is expected that energy consumption and intensity will
fall relative to the AEO 95 Reference.Case, since this scenario embodies a f'orecast df warmer-
than-normal winters. '

Output Variables |
For each input selected, six outputs were chosen to test their sensmvmes to these inputs. The
six outputs chosen are: ' '
. the quanuty demanded of electricity,
. the quantity demanded of naturdl gas, .
"o the quantity demanded of distillate oil,
o . the quanuty demand for all fuels in total,

e the number of occupled households (relevant only to increased housing starts
case), and :
. the space heatmg intensity in million Btu per household per year

Tables F-1 lhrough F-3 show the relationship between thei inputs and outputs for the years 2000
and 2010. Table F-1 summarizes the absolute change of each output relative to the AEO 95
Reference Case with separate panels for 2000 and 2010. Similarly, Table F-2 shows the percent
change of each output relative to the AEO 95 Reference Case. Table F-3 provides the elasticities
(the percent change of the output divided by the percent change of the input) of the selected
output variables with respect to the sclected input variables. Following the tables, a series of si;:.
. figures display the elaaﬁciﬁes of selected output variables as a time series for each of the six
input variable scenanos, respecnvely Finally, the summary and conclusions section discusses

the results prcsented in the tables and figures.
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Table F-1.
= Input/Output Z»:,_xlns»:,mn in Quantity Year 2000
INPUTS . OUTPUTS
- - (qBtu)
’ Distillate | Natural | Electricity Total Households Heating Intensity
. .Gas Consumption | (Million Units) | (Million Btu/hh)
__ Ummm_._ma.ﬁinm (25% Increase) 0.06 0.03 0 0.06 N/A 059
__ Natural Gas Price (25% Increase) 0.01 0.26 . -001 025 .+ N/A , 233 .
_ Electricity Price (25% Increase) 0 0.03 0.06 0.04. . N/A 012
__ Housing Starts (10% Increase) 0 0.02 0.03 0.06 0.97 H.c.mu |
Equipment Efficiency (10% Increase) 002 | 015 | 009 0.28 N/A 13 . |
'Weather Normalization Factor (None) 010 046 | -003 072 N/A .731
__ 5-.::0:65 Zuix.>emc_=.olnﬂ.=wo in Quantity Year 2010 -
INPUTS OUTPUTS -
(qBtu) :
‘|- Distillate | Natural | Electricity Total - Households Heating Intensity _
Gas | - - ‘Consumption | (Million Units) | (Million Btu/hh)
__ Distillate Price (25% Increase) 009 0.06 0 007 N/A Y
Natural Gas Price (25% Increase) 0.03 035 001 0.30 N/A 261
_— Electricity Price (25% Increase) 0.00 005 ‘| -007 003 N/A 003 _
Housing Starts (10% Increase) 002 0.07 009 0.20 248 026 |
_ mnavama Efficiency (10% Increase) 0.04 <033 =07 .57 N/A 2,65 =
__ Weather Zoqam_ﬁmzo: Factor (None) . 20.08 045 .03 0.68 N/A 642 . =
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Table F-2.

I

Input/Output Matrix~Percent Change <o»-...38
INPUTS . OUTPUTS
_ Distillate | Natural | Electricity Total | Households | Heating
‘ Gas Consumption Intensity
Distillate Price (25% Increase) . 798% | 0.62% 0 0.59% N/A | . -1.03%
.Natural Gas Price (25% Increase) 1.55% -5.03% 0.27% -2.32% N/A -4.11% .

__ Electricity Price (25% Increase) 0.03 055% | -1.77% 0.35% N/A ~| 020%

| Housing starts (10% Increase) 052 - | 044% | 087% 0.60% 095% | -0.47%
Equipment Efficiency (10% Increase) | -270% | .-289% | -2.62% 260% 'N/A -2.40%
Weather Normalization Factor (None) .Lwhw,x. -1 -8.92% -0.84% -6.69% N/A -12.89%

—
-:—EQO::E. Matrix~Percent Change Year 2010 | , J
INPUTS o OUTPUTS |
" Distillate .| Natural | Electricity Total Households | Heating
Gas . Consumption . | Intensity

Il Distitiate Price (25% Increase) 1250% | 115% 0 0.59% N/A 1.38%

__ Natural Gas .—vnmno (25% Increase) ‘- 4.57% -6.85% 013% |+ -273% N/A -5.16%
Electricity Price (25% Increase) 0.07% 0.97% -1.86% 0.24% N/A -0.06%
Housing Starts (10% Increase) 243% | 140% | 226% 1.80% 2.24% 052% |
Equipment Efficiency (10% Increase) .,m.mm.x. 6.41% 4.30% -5.18% N/ A -5.24%. __
Weather Normalization Factor AZQ..& -B.ov.x. -8.75% 0.67% - -6.20% N/A -12.69% __

.
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. . Table F-3. )
__ Input/Output Matrix—Elasticities Year 2000
'INPUTS . OUTPUTS
Distillate | Natural Electricity Total Households | Heating
. B Gas . " Consumption Intensity
_Distillate Price (25% Increase) 032 0.02 0 002 N/A 004 .
__ Natural Gas Price (25% Increase) 0.06 0.20 001 0.09 N/A 0.16
__ Electricity Price (25% Incréase) 0 0.02 007 001 CN/A 001
__ Housing Starts (10% Increase) . 005 - | 004 0.09 0.06 0.09 005
__ Equipment Efficiency (10% Increase) 027 029 20.26 0.26 N/A 024
' Weather Normalization Factor (None) | -0.87 - | -0.64 006 048 N/A 092
. = Input/Output z.nixtmrm.zaz.s Year 2010 ) .
INPUTS . . - OUTPUTS N
. . Qmm:mﬁ Natural ,m_mnqmnm.q Total ‘Households Imm.zsm,
; . : Gas Consumption 4 Intensity
Distillate Price (25% Increase) 050 '0.05 0 -0.03 N/A 006
‘Natural Gas Price (25% Inrease) 0.18 - 027 001 011 N/A 021 .
m_mnﬁna Price (25% Increase) 0 0.04 007 001 N/A . 0
Housing Starts :.c.x. Increase) - 0.24 0.14 0.23 ,o._m 0.22 .05
Equipment Efficiency (10% Increase) * | 055 | 064 | - -043 052 N/A 052
Weather Normalization Factor (None) 078 0.05 . ..c.\x ' N/A 091

063
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Residential Model mmsm:_<=< |

.Figure F-2.
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Summary and'Conclusions

Price Responsiveness.
As shown on Table F-3, the NEMS Residential Module exhibits major fuel own-price elasticities .
for 2010 in the range of -0.07 (electricity) to -050 (distillate). Figures F-1 through F-3 further
demonstrate that major fuel price elasticities generally increase over time, reflecting inct'easing
shares of relatively more efficient end-use equipment. Intuitively speaking, electricity demand
is expected to exhibit a sniallerfprice elasticity. than the other major fuels. This is because the
use of electricity is spread across many end uses which are less directly controllable than is space
heating, which is readﬂy adjusted via the thermostat setting. Since distillate and natural gas use
are dominated by space heating, their price clastlcmes are expected to be somewhat greater than
those for electricity. ' '

Responsiveness to Altered Housing Starts

As shown in Figure F-4, increased houaing starts result in the expected decline in heating
intensity. This ia becauae new homes on average use less energy per unit for space heating than
older hcmes' because of increased shell efficiency. Thus, as the forecast for housing starts is
adjusted upward (downward), sectoral 'energy intensity will decline (increase). In this scenario,
a 10 percent increase in housing starts between 1995 and 2010 results in a 0.5 percent decline
in space heatmg intensity relative to the AEO 95 Reference Case -- total energy consumption in
2010 is 1.8 percent higher while total households are 2.2 percent higher.

Responsiveness to Altered Equipment Efﬂeiency

In terms of total energy consumption, the model is most sensitive to equipment efficiency. Tlus
s because over the 20-year forecast horizon, a substantial amount of residential hequipment will
be replaced For example, roughly tiwo-thﬁds of all furnace equipment and all of the existing
heat pumps and air conditioning equlpment will be replaced along with all ex1stmg water heaters
and refrigerators. Nearly all replacements occur at thher efficiency levels so that over time the
assumed 10 percent increase in new equlpment efficiencies will have greater and greater effects
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on.energy consumption levels.. This continuously increasing reduction in total . energy'
consumpﬁon is cleai'ly demonstrated in Figure 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 SGnsltivlty

. Because of the dominance of space heatmg for natural gas and distillate, these fuels are more -

responsive to vyeather conditions than is electncny. Space heating intensity is most sensitive to
§veatl_1er changes and least sensitive to electricity prices, since electricity represents onljr a small
percentage of total spsce heating consumption. For the yeai' 2010‘ the effects of warmer weather
would result in a 6.2 percent reduction in total energy consumption and an 12.7 percent reduction

in space heatmg mtenSIty
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