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INTRODUCTION AND RANKiNG OF MODIFICATIONS AND EXCEPTIONS

‘This report reviews four of the major models used by DOE
for energy conservation analyses in the'residentialvand
commercial building sectors. The objective is to provide a
critical analysis of how these models can serve as tools for
the Department of Energy (DOE) and its Conservation Policy
Office in evaluating and quantifying their policy and program
requirements. For. this, the study brings together information
on the models' analytical structure and their strengths and
limitations in policy applications. These are then employed
to assess the most effective role for each model in address-
ing future issues of bulldlngs energy conservation policy and
ana1y31s

The four models covered by this report are:
e  The Oak Ridge Residential Energy'Model (Chapter 1)

° The Micro Analysis of Transfers to Households/
Comprehensive Human Resources Data System (MATH/CHRDS)
Model (Chapter II)

° The Oak Ridge Commercial Energy Model (Chapter III)

) The Brookhaven Buildings Energy Conservation Optimi-
zation Model (BECOM) (Chapter 1V).

These models were selected in consultation with the
Conservation Policy Office as the most prominent macroanalyt-
ical tools used in assessing the Department of Energy's
residential and commercial energy conservation programs.

Except for BECOM, each is in operation at DOE's Energy Informa-
tion Administration (EIA). Their macro emphasis reflects the
importance at the national and regional levels of understanding,
planning, and implementing changes in energy use and fuel
demands in the buildings sector. In order to cover most

major issues and impact areas of buildings energy conservation,
the four models were chosen to be complementary rather than
competitive with one another in their analytical structure,
sectoral detail, and policy relevance. Specifically'

° The Oak Ridge Residential Energy Model and the Oak
Ridge Commercial Energy Model offer detailed simula-
tion of energy demands by building types, end .uses,
and fuels for their respective sectors derived from
engineering and econometric estimates.

° The MATH/CHRDS micro simulation model provides

distributional energy expenditure and fuels detail
of household energy consumption developed from

xii



census and survey-derived synthetic micro household
data of demographic, economic, and energy-related
characteristics.

° The - Brookhaven Buildings Energy Conservation Optlmlza-
tion Model takes as given the residential and
commercial sector fuels supplies and final demands
and, using a linear programming framework, selects
energy-using technologies and energy flows in
buildings to meet the final demands at least cost.

This study assesses the ability of the selected models’
to provide information that will be useful to DOE in evaluat-
ing specific initiatives targeted toward national buildings
-energy conservation goals and objectives. The Appendix to
this report presents a structure for DOE's general conserva-
tion goals and objectives for the buildings sector and outlines
the' specific objectives and programs designed to achieve
these within DOE policy constraints. To illustrate the 4
application of the study, two highly ranked specific objectives
indicated for both the residential and commercial sectors are
the retrofit of existing buildings with energy conserving/energy
efficient technologies and minimum standards for improved
energy performance of new buildings. The study inquires
whether the structure and application of the models can
assist in the analysis of program and policy initiatives (for
example, tax credits, energy audits, weatherization assistance,
energy performance, and efficiency standards) to achieve
these specific objectives. Where .the models are found to be
most suitably applied, the discussion in this report can
better acquaint the potential users with the modeling resources
they ‘have on hand and can aid in selecting and drawing upon
these more effectively for analyses of specific issues.
Where weaknesses in the models are identified for these
applications, the study suggests model modifications, reesti-
mations, or updates that would strengthen analysis and under-
standing of specific building energy conservation issues and
enhance the role of the models for future conservation planning.

Chapters I through IV present a separate analysis of the
individual models. Each chapter is intended to stand alone,
without reference to the other analyses. The discussion in
each, however, follows a similar outline:’ ‘

. Introduction, background, and summary of findings
on applications and limitations

° Model structure, estimation technlques, data inputs
and outputs

° Current capabilities for énalysis of building
energy conservation issues and policy applications

x1ii



° Current limitations and suggested modifications to
enhance the model's contribution for future buildings
energy conservation policy and planning.

The ‘analysis of each model draws on a large number of
documents describing their structure, estimation, and applica-
tions, and also relevant data sources, predecessor studies,
and new or contrasting approaches and estimations.* These
were augmented by discussions with the model developers and
users. Because the models are likely to have had numerous
undocumented applications and are subject to ongoing model
development at various institutions, this study may not have
fully captured all aspects of their capabilities. The analysis
does, however, focus on those versions in current production
for DOE, since suggested changes or applications of these are
most likely to affect buildings energy conservation policy
development and the program implementation.

For each model, the study indicates the primary areas
where modifications or extensions of the models would be
useful, and the difficulties in undertaking these. Table 1
summarizes the authors' judgmental ranking of the more important
of these indicated model changes for building energy conserva-
tion policy analysis. The table assigns a priority to each
modification, identified by the model to be affected and the
nature of rhe extension. Table 1 also displays Lhe page
reference for further information on the need for the extended
model capabilities and the procedures which could be used to
implement the change.

The pridrities on Table 1 were developed considering:
e  DOE goals and objectives (see Appendix)
e Importance of the modification or extension to

assist DOE in analyzing policies to achieve its
goals and objectives

K Likelihood of successful model modification or
extension

° Level of effort requlred for model modification or
extension.

For example, refining the discount rate inputs to the
ORNL residential energy model is assigned priority level 1
because accurate discount rates are an important first step
in voluntary retrofit analysis (a high-priority objective) as
well as in projecting the impacts of mandatory conservation

*Summary iInformation on a number of these models and data
sources is given in the companion study Major Models and
Data Sources for Residential and Commercial Sector Enerqu
Conservation Analysis, September 1980.
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TABLE 1.

RANKING OF MODEL EXTENSIONS AND MODIFICATIONS

Model

ORNL Residenticzl
ORNL Commercial

ORNL Residential
ORNL Commercial’
ORNL Residential

" BECOM

ORNL Residential
ORNL Residential
ORNL Commercial

ORNL Residential
ORNL Commercial

MATH/CHRDS :

BECOM

BECOM .

ORNL Commercial

ORNL Commercial

MATH/CHRDS

ORNL Residential’

ORNL Residential
ORNL Residential
ORNL Commercial
MATH/CHRDS

ORNL Residential

ORNL Commercial
ORNL Commercicl
ORNL Commercizl
MATH/CHRDS
BECOM
MATH/CHRDS
BECOM

ORNL Commercial
ORNL Resident:al

Extension and Modifications

Refining Discount Rate Inpu s*

~Modeling Retrofit

Modeling Retrofit®

Technical Improvements in the Base Case
Renter/Landlord/Apartment Building Analysis
Increase Conservation Policy Sensitivity
Solar Space and Water Heating®™

_Technical Improvements in the Base Case

Operational Conservation Measures
Rate Structure and Load Management® -

" Renter/Landlord Effects

Increase Conservation Policy Sensitivity
Model Transferability and Accessibility*
Buildings and Owner Specific Disaggregation®
Federal Buildings

State/Local/Institutional Eu1[d1ngs

" Indirect Effects on Energy Us=

Retrofit of Appliances.

" Operational Conservation Measures

Regional Improvements

Regional Improvements

Ownership and Use of Appliances®*

Utility Activities (in regZonal model)**
(in Sample Service Areas)*

Utility Activities

Rate Structure and Load Management®

Solar Space and Water Heating

Ownership and Use of Appliances*¥

Multiperiod Analysis*

Structure and Appliance Effl(Lency Decisions**

Data and Parameter Updates®

District Heating**’

District Heating**
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I-31
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I-27
1-28
I-40
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or integrating results from other models with relative ease.
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programs. Moreover, substantial progress has already been
made in estimating the appropriate discount rates; finalizing
this research and integrating it with the ORNL Residential
Model should have a large benefit relative to required level
of effort.” In contrast, modelling retrofit in the ORNL
Commercial Model (the highest-priority objective, commercial
4retrof1t) would entail a greater level of effort but signif-
icantly improve the conservation policy analytical capability
of the model.

Modifications and extensions of the ORNL Residential and
Commercial models were generally more extensive and ranked
above those of the BECOM and MATH/CHRDS models. This is-
because the former are more fully embedded as tools in the
decision framework of DOE and somewhat better suited to-
analyzing the direct energy and economic impacts of conserva-
tion policies. The latter, on the other hand, provide more
disaggregated analyses of specific technology penetrations
(BECOM) or household characteristics (MATH/CHRDS), but with
somewhat fewer explicit feedback mechanisms of sectoral
energy demand. National extensions were ranked above regional/
utility-service-area analyses due to the greater data gathering
and model development efforts required to perform assessments
of policies on a state and service area level. Of course,
the rankings could change as other specific: pollcy analytic
requirements are defined.

Xvi
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" 1. OAK RIDGE NATIONAL LABORATORY
© " RESIDENTIAL ENERGY MODEL

"A. Introduction

..~ The Qak Ridge National Laboratory (ORNL)-Residential

- Energy Model. is one of the central analytical tools for plan-

| ning and assessing the impact of the Department of Energy's
residential energy conservation programs. This chapter

"~ discusses actual elements of the model structure, identifies
its present applications. and suggests future changes that’
will enhance its potential to address issues and program
areas of importance to residential energy conservation analy-

" sis. The background and outline for this study are discussed
briefly below, and the results summarized. The chapter also
presents a more detailed overview of the present structure
and capabilities for policy analysis. The remainder of the
chapter suggests refinements and modifications that would
permit the model to be extended to additional issues and
programs for energy conservation in the residential sector.

1.. Background -

The -Oak Ridge Natlonal Laboratory Re51dent1a1 Energy
g o Model was developed as a long-run simulation model to predict
annual, national, and regional residential fuel demand from
! 1970 to 2000. The purpose of the model is to assist public

‘ and private sector decision-makers in planning and evaluating
the impacts of energy conservation strategies and policies.
The model provides disaggregated residential energy use
information on four fuels, eight end uses, three housing
types, and two housing states (new and existing) at the
national or regional level. Forecasts for each of these
. housing, fuel, and end-use combinations are determined in
| ’ response to changes in households and housing stocks; equip-
ment ownership by end use and fuel type; housing unit thermal
integrity; appliance energy requirements; and usage factors
that represent household energy-use decision making.* The
model is thus sensitive to major demographic, economic, and
technological determinants of residential energy use.

: The ORNL Residential Model in its regional version
; _ provides the basis for. the residential engrgy demand sector

! (Structural Residential Energy Use Model) of DOE's Energy

; 4 Information Administration (EIA) Midterm Energy Forecasting

: System (MEFS). The model also is used extensively for analysis

. *The terms appliances.and equipment are used 1ntercbange-
| ably in this report. ‘

I-1 0



and evaluation of DOE residential energy conservation programs
and of proposed conservation policies, including standards |
for -appliance energy efficiencies and buildings thermal A
performance, fuels pricing, conservation investment tax and
loan incentives, direct government grants and assistance, and
promotion of research and new conservation technologies. A
state-level version of the model was developed to respond to
planning and implementation needs for state conservation '
programs, but this has not yet been fully applied as an
energy conservation planning tool.

Both the structure and appllcation of - the model have
been developed in a series of ORNL studies over the last
decade. These studies investigated various engineering and
economic aspects of residential energy consumption and were
1ntegrated to form the basis for the model. The work is :
ongoing, bul Ihe basic deccription of the present model is
documented in Hirst and Carney, 1978, The ORNL Engineering-
Economic Model of Residential Energy Use. Applications of -
the model to residential energy conservation .issues are
numerous; Hirst and Carney, 1977, Residential Energy Use to
the Year 2000: Conservation and Economics provides a summary
of the results [or many of the major conservation issues.®

The ORNL documents, together with study of the computer
programs, conversations with ORNL scientists, EIA and DOE
planning and program staff, and discussions with other users
of the model, form the basis for the analysis that follows.

2. OQutline and Scope of the Study

' Both in its use by EIA for energy forecasting and in its
gpllcatlons within DOE and. at ORNL %or conservation program
anning and policy development, the ORNL Residential Energy

Model has proved a valuable tool for analysis of a wide
variety of energy conservation programs. At the model's
current state of development, however, there are limitations
on the types of conservation programs that may be simulated.
Also, the model's base-case forecast has the potential to be
improved by refining input data and some of the model's
algorithms. This chapter reviews several areas of residential
energy conservation analysis to which the model may be applied
and suggests extension, modifications, and data that may

*Additional summary Information ‘on the model structure,
policy variables, Inputs, outputs, data sources, specific
versions, and accessibility are introduced in a companion
publication Major Models and Data Sources for Residential
and Commercial Sector Enerqgy Conservation Analysis, Hittman
Associates, Inc., June 1980.
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strengthen and broaden these applications. These are inten-
ded to alert policy makers and planners to the model's capabl-
lities and to provide information to support future resi-
dential energy conservation analyses. The results of this
-are summarized before the next section. ~

The major sections that .follow present the more detailed
context for these findings. Section B provides an overview
of the model structure and introduces the major variable and
analytical elements of the model. This is suffiently detailed
to provide a reference for the later discussion and to identify
the primary source documents. For the reader who is well
acquainted with the ORNL Residential Energy Model, this
section may be omitted. The current major policy analysis
applications of the ORNL Residential Energy Model are outlined
in Section C. These are introduced both to aleért the user to
the present model potential and to provide the basis for
understanding what more could be done. Section D then indicates
extensions of the model that would enhance the model's potential -
" to address additional residential energy conservation issues
and to increase the precision of several existing applications.
This discussion attempts to relate these directly to the
model's analytical structure and data and to suggest modifi-
cations, additional research, and data to alleviate any
difficulties. : '

3.  Summary of Flndlngs

a. Current Appllcatlon of the ORNL Re31dent1a1 Energy
_ ‘Model.  The ORNL Residential Energy Model has been
applied to at Ieast six major areéas of energy conservatlon
analy51s These are: ' .

(1) -Standards for Improved Energy Performance
- of New Residential Buildings. The model

accepts ratio increases in thermal integrity of new
buildings estimated to occur through standards mandating
more energy-efficient building design and materials.
Materials and installation costs for these steps are
calculated in the model.-and can be compared to the
simulated changes in fuels demand for heating and cooling
by hou51ng type and end use.

(2) " Standards for Energy EfflClency in New House-
-hold Appliances. In-a similar fashion, the
model accepts input ratios of new appliance energy use
relative to 1970. The model simulates the resulting
reductions in residential energy consumption and the
necessary appllance investment costs.
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(3). Retrofits of Existing Residential Buildings.
Estimates of the numbers and types of housing units and
their energy use reductions due to weatherization pro-
grams and incentives are input to the model. These are
calculated outside the model as the estimated results of
. tax and loan incentives, increased conservation infor-
mation and awareness, and utility assistance programs.
The model simulates the overall saving in residential
energy use and compares this to the model-calculated or
federally budgeted investment costs. '

(4) Conservation Technology Research and Develop-
' ment. Estimated increases in building or

equipment energy use efficiencies and/or the reduction
in their costs due to research and development support
can be used to alter resident's choice of designs,
materials, or appliances for new structures. These
shift the coefficient of the capital cost versus opera-
ting cost technology trade-offs available to the con-
sumer for cost-effective investment decisions. Energy
savings and new investment costs are calculated by
comparing the results to simulation without the new
technologies.

(5) Grants and Subsidies and Low-Interest Loans.
Effects of tax incentives or equipment, materials, and
installation subsidies are expressed as modifications in
the conservation technology costs for new buildings and
equipment. The lowered capital costs permit purchases
of normally more -expensive equipment with lower operating
costs. ,

Low-interest loans are simulated as lowered in-
terest rates used in the consumer's cost-effective
investment criteria for new residences and their equip-
ment. Lowered rates enhance the present value of reduced
operating costs from more efficient equipment.

(6) Energy Prices. The impacts of increases in
fuel costs are captured in the model by three effects:

(a) 'Higher prices of one fuel reduceé that
fuel's market share in new appliance
choices. , i

(b) Higher relative prices of one fuel or
higher absolute prices for all fuels lead
to choices of more energy-efficient new
appliances and structures.
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(c) Higher prices reduce equipment usage.

b.. Extensions and Modifications of the ORNL Residen-
" tial Energy Model for Energy Conservation Analyses.
Although current versions of the ORNL Residential
Model are applicable to a broad range of energy conservation
topics, as evidenced above, the findings indicate that the
model's use could be enhanced in several areas. Extensions
of the model through various modifications of the structure.
and by reestimations from new data sources could further
increase the model's potential to assist policy planning and
evaluation of residential energy conservation.

The following 11 topic areas were selected, given
the model's basic capabilities, as areas where extensions,
modifications, and applications of the model would be of
significance to DOE objectives for future residential energy
conservation planning and policy analyses. (See the Appendix
to this report for a discussion and outline of these DOE
objectives.) The topics embody both refinements in the
existing model structure and substantial modifications that
would permit the user to better address key conservation
issues and policy variables. (In many cases, however, the

"refinement or modification can only suggest a possible direc-

tion for further work.) A brief outline of the proposed
applications and suggested changes are given below. Additional
details and justification for these are given 1n Section D of

"the text.

(1) Retrofit of Existing Residences for Better
Thermal Performance. The current model 1s

adequate where the number of residences expected to be
retrofitted and the changes in thermal performance for
each retrofit program are estimated and provided as
inputs- to the model. More explicit modeling of the
retrofit decision could be important to simulate the
effects of ongoing incentives to retrofit embodied, for
example, in tax rates, fuel prices, and changing techno-
logies. A modification is suggested to divide housing
into separate fractions where characteristics support
their applicability to retrofit.

(2) Retrofit of Existing Appliances for Better

. Efficiency. The model does not currently
simulate retrofit appliance conservation programs as the
model appliance efficiency standards apply only to new
buildings. A first step to modify this would be to
follow the same procedure currently used for retrofit-
ting thermal performance. The numbers expected to be
retrofit, efficiency changes, and purchase prices would
be input to the model. Further modifications would
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require explicitly modeling early retirement of "ineffi-
cient" appliances., s

- (3) Operational Conservation Measures. The model
simulates the effects of changing energy prices on usage
(operation) of equipment. However, the effects of
programs that directly restrict usage, such as thermo-
stat setbacks or lighting standards, are not explicitly
modeled. To modify this, the computer code could be
reprogrammed to accept a maximum usage for each affected
end use. This maximum would be the engineering estimate
of the change in energy used due to the operational
change. (For example, 1°F cutback in.the thermostat
might reduce heating energy use by 5 percent.)

(4) Rate Structure and Load Management. The model
accepts average annual fuel prices and cannot be used to
evaluate the impacts of rate structure policies. Similar-
ly, since the model only calculates annual energy use,
it cannot be used for evaluation of load management
programs. Modifications to incorporate these effects
would be extremely difficult. Modification of the model
to accept different rates for different appliances
provides a partial solution for some recent rate changes.

(5) Alternative Energy Supplies - District Heating.
The model calculates consumption of electricity,

natural gas, fuel oil, and other (primarily propane). It
does not currently simulate the use of steam for district
heating (used primarily in large apartment complexes)..
To explicitly treat this in the model: market shares of
space heating fuels need to be modified to include the -
fraction of residences where this is available; the
market share elasticities would need to be developed;
Lhe model would need to be modificd to accept prices for
steam; and a technology characterization would have to
be added. Presently, data for these are few or location

. specific and modeling even at the regional level would

only be a weak approximation.

(6) Alternative Energy Supplies - Solar Space
' ~and Water Heating. These are not represented

in the current model.  With appropriate data, the tech-
nology characterization function could be modified to
accept these options, though the results would show only
the energy used in the backup fuel. Much of the data
for this currently exist in solar market development and
penetration models sponsored by DOE. :
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(7) Consumer Behavior and Choice of More Efficient
" Equipment; the Discount Rate and Market Pene-
tration. Estimates of the way that consumers
discount future energy savings versus equipment costs in
choosing equipment efficiencies are imprecise and based
on weak analytical and empirical grounds. The "implicit
discount rate" embodies consumers' subjective rate of
time preference toward energy conservation investments
and also the market imperfections that may not permit
the consumer to choose the most cost-effective conser-
vation investments. Lack of a better specification of
these affects simulation of the impacts of consumer
information programs and of financing incentives, among
others.” Ongoing research on the "implicit" discount
rate and overall fuel ch01ce should provide 1mprovements
in this area.

(8) Renter/Landlord/Apartment Building’ Ana1y51s
The model presents energy use by building

type, but not by ownership or billing characteristics.
Since household incentives to conserve energy appear to
differ by ownership and billing, programs to affect
these cannot be directly modeled. However, there is a
moderately good correlation between building type and
ownership and billing. A modification of the model to
allow the "implicit discount rate" (a partial proxy for
the consumers' subjective valuation of future savings)
to vary across building types might capture these effects.

(9) Utility Activities. Many energy conservation
activities mandated or voluntarily undertaken by utilities
are only partially amenable to analysis with the present
model structure. These include: . energy audits and
public information programs, changing rate structures,
low-interest loans and provision of low-cost conser-
vation equipment, energy conservation standards, alter-
native energy sources, and load management. More explicit
modeling of most of these is summarized in points 1
through 8 above. In some cases, additional modifications
would need to 1ncorporate fractional effects related to
specific utility service areas or would require modellng
at the utility level.

(10). Reglonal Energy Use and Conservatlon Activi-
ties. The ORNL model has been disaggregated

to make regional projections at the federal, regional,
and state levels. These rely on a mixture of elements
from the national model structure and data inputs from
the specific regions. Improvements needed to more
accurately differentiate regional responses and impacts
include: estimates of technology coefficients (effici-
ency versus capital cost) for individual structures and
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appliances that differ by region; and estimates of the
fuel market shares responses to price change elastici-
ties as these differ by region. Though a state-level
version of the model has been developed and state-level
information found important to the planning and progress
of various conservation efforts, this state-level version
has not been actively applied at EIA or elsewhere.

(11) Technical Improvements in the Structure of
the Base Case of the ORNL Model. Specification

of the model's base case could be improved by refining
some of the coefficient estimates and input data.  These’
include: (a) update of the market share elasticity
coefficients; (b) empirical verification and update of
the usage (operational) elasticities that are based on
engineering Judgments, ‘(¢) reconciliation of the dis-
aggregated clasticities of tuel market shares, equipment
ownership and usage with the overall fuel usc clasticity
estimates; (d) reformulation of theappliance decay
rates to f1t a more realistic replacement pattern; and
(e) disaggregation of end-use energy consumption to give
more information reflecting differences in energy con-
servation decision making among building types and new
and replacement markets.

B. Overview of the Model Structure

The ORNL Residential Modcl employs a capital stock
approach to energy consumption. This approach recognizes
that energy is consumed by capital goods (housing and appli-
ances) to provide the more direct energy-using services

desired by the household sector. Energy demand thus varies
- by changes in the stocks of energy-consuming capital, and by
the utilization level of those stocks. To estimate and
‘implement this structure, the model combines demographic,
economic, and technological variables specific to the resi-
.dential sector. The demographic analysis projects household
formation and housing stock depreciation to estimate housing
stock and new additions. The economic analysis develops fuel
price, equipment price, and usage elasticities for appliance
ownership and energy use decisions. The technological vari-
ables permit analysis of the engineering trade-offs of energy
use and efficiency to capital costs for heating and cooling
equipment and their efficiencies.

The analysis relies heavily on both economic and en-
gineering relationships to calculate future energy demand.
Econometrically estimated equations describe short-run energy
~utilization responses due to changes in, for example, fuel
prices. Similarly, fuel choice or fuel switching is pri-
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marily forecast with econometric models. Engineering relation-
ships are a key to purchaser and consumer decisions affecting
future equipment efficiencies, as well as technology descrip-
tions and cost analyses.

Figure I-1 presents a schematic of the ORNL Residential
Energy Model. The characteristics of the housing stock and
new construction determine the number of residential energy
consumers and the share of new buildings in the stock. Fuel
and equipment prices, income, and input elasticities (re-
sponse of a variable in the model to-another variable) deter-
mine the appliance choices, by fuel type, for new homes and
the operation of appliances. Energy use/initial cost relation-
ships as well as building and appliance efficiency standards
inputs determine the efficiency of new appliances and thermal
integrity of new buildings. The model computes residential
energy consumption by fuel type, as well as the capital cost
of energy-using equipment.

The discussion below déscribes briefly the three major
parts of the model structure: the housing or demographic
analysis for housing stock, the technology analysis of equip-
ment or housing structure energy efficiency versus capital
costs, and the economic analysis of household responses to
changes in fuel prices.

1. Housing

The housing model generates forecasts of occupied hou51ng
stock and construction of new housing for each year. The
analysis rests on population, household formation, housing
preference, and on retirement rates of structures. Projection
of the number of households is determined by econometric
estimates of household headship for each of seven age groups
as a function of age, famlly income, marital status, and
previous year households, in the form:

In {——*—) = A, +BY. +¢C.SD, +DM, +E, ln|——
U. - HR 1 i1t 1 it 171t 1 U. - KR
i i i 1/ t-1,
- Where
i = the age group
t = the time period
A,B,C, = regre531on coefficients
D,E
HR = headship rate
U = wupper limit
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Ridge National Laboratory, February 1977, ORNL/CON-8

Figure I-1. Schematic of ORNL Residential Energy Use:Model
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MA

= fraction married ,
~ SD = fraction separated or divorced
.Y = median family income.

The stock of occupied housing units is assumed equal to
the number of households. The distribution of housing type
across these is determined from historical and trend data for
housing choice by age. Calculation of new housing units
constructed is based on additional housing requirements above
previous-year stocks and the necessary replacements for
retirement of existing units. The most recent versions
(Versions 6 and the soon-to-be-completed Version 7) of the
model also accept stocks and new construction of occupied ,
housing units as an annual input.projection.* (See Hirst and
Carney, 1978, p.. 11 for additional details.)

2.  Technology

The technology model provides analysis of trade-offs
between energy use of new equipment or structurés (i.e.,
their efficiencies) and their capital costs. This basically
entails minimum life-cycle cost calculations comparing opera-
ting costs to initial costs for equipment or building designs.
‘Changes in equipment/appliance efficiencies determine fuel
savings which are later discounted to the present to be
compared with increased equipment costs. This analysis is
provides for improvements in thermal performance of the three
‘housing structure types for winter heat loss and summer
cooling gain and for appliance and equipment efficiencies of
electric, gas, and oil space heat; electric water heaters;
refrigerators; and air conditioners._ '

- Detailed engineering and cost analyses have been under-
taken by ORNL for each appliance and housing type. The
results for each are approximated in engineering curves that
relate the equipment energy use requirements to the capital
cost of the equipment and/or the housing shell installations.
Figure I-2 is an example for space heating. The resulting
equation for heating energy use could be given as:

_ a-1n (E - b)
¢ = |

*The term "model version” is used in two senses. First, as
used above, there are several structural "versions,” which
are basically refinements and data updates of the model
structure given in Hirst and Carney, 1978 (Versions 5, 6,
and 7). Second, there are regional "versions’” that apply
this same model structure to individual regions or states.
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capital cost relative to a base year

5
.
o

®
O
i

E - equipment energy use requirements
relative to a base year -~ .

a,b = parameters related to asymptotic
1limits in use due to improvement and
to the base case

'd = parameter of the curve.

Relating these results to the corresponding operating

-costs yields the life-cycle cost equations.

3. Economics -

The economic model analyzes household energy demand
responses to fuel price changes. Changes in the overall
consumption of a fuel are presented as the result of short-run
adjustments in equipment usage levels and of long-run changes
in the type (fuel switching) and in the quality (increased:
efficiency) of the energy-using equipment or structure. A
distinctive and important feature of the model is that analysis

. of energy demand responses to fuel price changes is represented

explicitly in three elements: equipment market share elastici-
ties (Ems), equipment usage elasticities (Eu), and technical
efficiency elasticities (Ee).

E = Ems + Eu + Ee»

‘These are-discussed briefly below.

(a) "Equipment Fuel ‘Choice or Market Share Elastici-
ties With Respect to Fuel Price. These estimate- A

the changes in fuel consumption due to changes in fuel choice
for new and replacement units (e.g., from electric to gas hot
water heaters). These elasticities are econometrically
estimated for five major end uses as a function of fuel -
prices, equipment prices, per capita incomeé, temperature
indices (for space heating and cooling), percentage of all
households in single-family units (food freezers), and per-
centage of households living in urban areas (food freezers).
Estimates were developed using the techiques of conditional
logit analysis. S./1-S. was estimated for the variables.
listed above using’statd-level data, where S, is the fraction
using fuel i for the selected end use. (SeellLin, Hirst and
Cohn, 1976, p. 6ff for further details.) :

Market shares of new equipment and their responsiveness
with respect to changes in the sales prices of that equipment
can also be estimated by "levelizing" the equipment capital
cost over the equipment lifetime (using the appropriate
implicit return on that investment as the interest rate) and
then relating this to the fuel price market share elasticity
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estlmates (see H1rst and- Carney, 1978, p. 33 for further
details). : .

-(b) Equipment Usage Elasticities with Respect to Fuel
Price. These indicate changes that may occur in

the operation of the appliance, equipment, or housing struc-
ture, assuming the equipment or hou51ng_structure remains
unchanged (e.g., changes in house temperature settings, or in
clothes washing practlces) These elasticities are based on
estimated engineering possibilities (as opposed to econo-
metric estimates derived for other energy demand models) of,
what actions could be undertaken by households. Short-term
versus long-term effects are determined by inputs that sug-
- gest that one-half of the total usage response occurs during
the first year.

(c) Technical Efficiency Elasticities. These elastic-.
ities rcprescent changes in purchasce decisions by residents
concerning the efficiency of their energy-using equipment or
thermal performance of new structures as fuel prices change
(e.g., shifts from electric resistance heating to electric
heat pumps or shifts to better insulated housing). The
decision is a dynamic one: For structural efficiency (ther-
mal performance, for example), the technology analysis dis-
cussed in (B2) above provides the trade-offs between energy
use (efflclency) and the capital costs. These trade-offs vary
as fuel prices shift. Ideally the consumer would choose
equipment (and efficiency) at the minimum life-cycle cost for
a given fuel price. ‘Empirical evidence indicates that the
consumer does not purchase at the minimum cost point because
of market imperfections. For market penetration, the model
postulates that as fuel prices increase, this distortion
declines. For new, more efficient equipment and their market
penetrations, the results are similar except that the 1nterest
rate used by consumers in comparing operating cost savings to
capital cost is first estimated via econometric estimates of
new equipment market shares. - (See Hirst and Carney, 1977, p.
45ff, and Hirst and Carney, 1978, p. 37ff, for a graphic
treatment of this approach.)

4. Simulétions_

The simulation model combines the outputs from the
various demographic, economic; and technology submodels
together with the initial and end-value conditions (e.g.,
market shares, fuel, and equipment prices) to calculate the
household demand forecasts by fuel and end use. Figure 1-3
illustrates how the inputs and various submodels operate for
simulations. ,
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Figure I-3. Flow Diagram for ORNL Simulation Model
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ORNL describes the basic equation of the simulation
model that defines residential use of fuel i for end use k in
housing type m during year t as:

ikm _ m ~ikm npikm oikm ik
Q" = HT‘,‘C‘ HS{ Cp 0TI EUL Up,

Where

HT is the stock of occupied housing units, HS is

the average size of housing units (for space heating
and air conditioning only), C is the fraction
(market share) of households with a particular type
-of equipment and fuel, TI is the thermal performance
of housing units (for space heating and air condi-
tioning only), EU is the average annual energy use
for the type of equipment, and U is a usage factor.
(Hirst and Carney, 1978, p. 46). _

In this simulation equation, housing stock and size are
straightforward applications of the housing model discussed
earlier. The fraction of ?ﬁﬁseholds of a particular housing
type, fuel, and end use (C ', is determined from the frac-
tion remaining from the prgvious year plus the fraction of
new equipment going to that particular housing-fuel-end use.
This latter is derived by using appropriate estimates of
market share elasticity parameters and applying these to
given fuel and equipment prices, housing thermal performance,
and.ﬁﬁw equipment energy use. "Average annual energy use
(EUT™) is calculated from the previous year's energy use and
the new equipment energy use from the technology-efficiency
analysis, appropriate diseoug& rates, and the market pene--
tration. The usage factor‘Ut is derived from the equipment-
fuel usage elasticities. '

_ The simulation model projects estimates of national (or
" regional) energy use for the period 1970 to 2000 using 1970
(and in some .recent versions, 1977) initial condition as
input for fuel prices, housing stocks, market shares, equip-
ment fuel use, ‘equipment prices, and new equipment installed.
These are combined with expected conditions from 1980 through
2000 for fuel prices and incomes, and the array of potential
changes in equipment and in housing structures due to energy
conservation programs or expected future technology develop-
ments. These include, for instance, performance standards
for new equipment and for thermal characteristics of new and
existing structures and also new technology developments from
energy research and development. The results provide detailed
estimates of energy use by fuel, end use, and housing, and
the intermediate estimates of installation and ownership of
new equipment, the changes and costs in improved thermal
performance, and the expenditures on fuels and equipment. .
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5. Policy Variablés and Parameters

Residential energy conservation policy and program
analysis is enhanced by several features of the ORNL model:
the level of disaggregat1on, the engineering economics detail,
and the fuel price elasticity components analysis. The body
of the report discusses more specific applications of these
policy varlables to energy conservation. analyses

a. Level of ‘Disaggregation. The large number of end
uses (8), fuel types (4), building structures (3), housing
states (2), and regions (10) permits more precise and targeted
specification of policy inputs and more detailed evaluation
of policy 1mpact than previous residential sector models.

"~ b. Eng1neer1ng Data, Cost Analyses, and Structural
Model Relationships. The engineering representa-
tions of equipment efficiencies and energy use characteris-
tics permit simulation with changed efficiencies, technology
cost- eff1c1ency curves, or utilization rates for existing or
new equipment and structures. :

c. Fuel Demand Elasticities of 'Equipment Fuel Choice,
Usage, and Technical Efficiency. These disaggre-
gated elasticities present an analytical and simulation
structure that represents consumer responses more accurately

~than in previous models -- that is, it recognizes that energy

demand is, in reality, demand for the end-use services pro-
vided by the energy (warmth from space heating, dried clothes,"
etc.), and that consumer decisions are based on the total )

' operatlng price to them for providing that service. Total

operating price is determined by both the fuel price and the
equipment efficiency of the energy-using equipment. Over the
longer run where equipment efficiencies may be altered by
purchase or replacement, both fuel choice and the levels of
fuel utilization are determlned for each consumer by the
combinations of the fuel price and equipment efficiency.
levels. Pricing policies, or proposed programs that affect
equipment efficiency levels or building thermal performance,
are more amenable to analysis, interpretation, and change
through the model's explicit breakout of these interactions.

Policy and program variables that can be analyzed with

the model include the following:

(1) - Fuel price changes from credits, taxes, sub51d1es,
or regulatory policies -- affecting absolute fuel
price level or the relative prices between fuels.
‘Short-term price effects are generally limited to
usage effects. A longer time period allows 'the
introduction of new equipment or building structures
in accordance with cost-effective decisions on
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equipment fuel ch01ce for new and replacement
units.

(2) Prices of equipment or structures, as these are
affected by tax credits and subsidies.

(3) Equipment efficiency or building thermal perfor-
mances, as these are affected by appliance or
building standards or possibly large scale retrofit
programs.

" (4) Usage factors such as bu11d1ng temperature controls,
hot water usage, and lighting practices.

(5) Technological changes that might be introduced by
innovation and research incentives. These would
affect the cost-efficiency trade-off.

These policy and program variables are addressed in
more detall in Section C below. .

C.. Current Policy'Analysis Applications

!

S 1. Minimum Standards for Improved Energy Performance of
New Residential Buildings .

The Oak Ridge National Laboratory (ORNL) Residential
Energy Model is used to compute the impact of building energy
performance standards on energy use for space heating and for
space cooling. The model accepts as an input -the mandated
thermal integrities for each of the three types of new struc- .
tures relative to 1970 values. The inputs are annual® ratios
ot thermal integrity (TIN) by building type for space heating
and for space cooling. Residential energy use is reduced by
. the.building energy performance standards as a result of
lower energy use for space heating and space cooling in new
buildings. The reduction in energy use, however, is not
- proportional to the increase in thermal performance, since
the lowered costs of achieving a given end-uSe energy service#*#*
(e.g., warmth) may encourage consumer choice of higher heating
(or- lower cooling) temperatures or increased use of other
energy-using appllances :

*Version 6 of the model accepts -annual inputs through 1985,
then accepts: inputs in five~year intervals. Intervening
years are linearly interpolated.

**The term "end-use service” is meant to indicate the final
product of the energy-using device (e.g., drzed clothes
or a desired house temperature).
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The model assumes that space heating and space cooling
demands are proportional to thermal integrity. For example,
if unit space heat demand in 1970 were 100 million Btu per
year and the thermal integrity ratio TIN is .55 in 1980, then
a new house built in 1980 would have a space heat demand of
55 million Btu per year, other things being equal.

The model permits three options for estlmatlng the
thermal integrity of new structures:

(a) An unconstrained "cost-effective" decision is
determined using the technology relationships and
the interest rates relevant for buildings to calcu-
late the minimum life cycle of thermal integrity
options for each set of fuel prices and installa-
tion charges. Consumers are observed not to purchase
this cost-effective minimum. A gap exists between
actual and optimal (least-cost) levels of purchases.
The model assumes that such a gap continues in new
investment decisions to increase levels of thermal
integrity; the model's penetration function, however,
postulates a reduction in this gap as fuel prices
rise.

(b) Alternatively, for a set of imposed buildings
energy performance standards, the model compares
the standards with model-determined cost-effective
levels and selects those which will lower energy
use. ‘In this case it is possible that consumer
behavior and advances in technology incorporated in
the model are capable of surpassing some of the
standards.

(c) 1In the third case, the standards alone determine
thermal integrity.

. The actual numbers of new homes to which the standards

‘are applied are determined within the housing submodel by

levels of replacement and new household formation.

2. _Minimum Energy Efficiency Standards and Targets for
Appliances

The ORNL Residential Energy Model computes the impacts
of appliance efficiency standards in a similar fashion to the
computation of the impacts of building energy performance
standards. The model accepts annual input ratios of new
appliance energy use relative to 1970 use (EUN). Residential
energy consumption is reduced as new and replacement appliances
use less energy than existing appliances. Again, as with

.thermal performance standards discussed above, the precise
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level of consumption is ‘determined by the consumers' response
to the lower costs of the final services delivered by the.
more efficient appliances.

The "real" interest rates at which consumers evaluate
energy savings may differ by appliance. ‘Using this, together
with the appliance and fuel costs, the consumer investment is
calculated based on the life-cycle cost-minimizing choice.

This is adjusted to the actual purchase level by the observed
gap between the actual and cost-effective purchases. The
model's market penetration function reduces th1s _gap as fuel
prices rise. \

The model has five optlons for computing appliance
efficiency for each end use:

‘(a) Choose the minimum energy use decision, comparing
the input standards (EUN% with calculated values

(b) Accept 1nputs of the EUN and the equ1pment prices

(c). Accept the EUN input but compute the correspondlng
equlpment pr1ces

(d) Calculate internally the efficiency and capital
cost choices without efficiency standards

(e) Calculate the minimum life-cycle cost  responses
without gap between minimum and actual.

_ ~The appliance standards may be the same or different for
single-family units, multifamily units, and mobile homes.

3. Retrofits, Energy Audits, and Changes in Selected Energy-
Conserving/Energy-Efficient Technologies in Existing Re51-
dential Bulldlngs

The ORNL Residential Energy Model method to analyze the
impacts of retrofit programs is essentially the same for all.
The range of programs include financial assistance to low-income
and other households to weatherize their structures, energy
audits by utilities to encourage retrofits, measures such as
tax credits for upgrading the structure, or other utility
assistance to customers. The computation is basically the
same as that for new buildings thermal performance, except
that in the retrofit case specified numbers of existing
buildings have their thermal performance levels upgraded.

The model requires as inputs the number of annual units
by building type required or expected to be retrofit.-. Several
options exist, depending on the design and analysis required
of the planned conservation program. These include:
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(a) The number of retrofits and the ratio of improve-
ment in thermal 1ntegr1ty over the retrofit period
for space heat. . This is translatable into the TIN
value for new buildings (see B.1l. above); the model
"then computes the coincidental increase in air
conditioning thermal integrity, and the unit cost
"of retrofit, as well as the values of residential
energy use and the resultlng savings.

(b) The number of retroflts, the thermal integrity
" improvement ratios for space heat and air condi-
tioning, and the unit costs are inputs. The impact
- on residential energy use is then 51mulated and the
- savings calculated.

By allowing the installation costs to be either calcu-
lated internal to the model or given as inputs, the total
investment costs can be computed under various assumptions
and compared to the energy cost savings. For example, for a
low-income weatherization program, having the same number of
retrofits, the installation and materials costs budgeted for
federal programs (including effects of tax credits or sub-
sidies) can be compared to the investment costs that the
technical submodel calculates for the specified increase in
the housing thermal performance. : .

4, Conservation Technology Research and Development

The ORNL Residential Energy Model inputs include tech-
nology model coefficients discussed earlier which relate
appliance and thermal integrity capital cost to annual energy
use (efficiency). Energy use may be reduced by conservation
investments that purchase more efficient (and usually more

. expensive) appliances. Research and development can lead to

introduction of technologies that are more efficient than
existing ones at the same cost and thus can reduce the cost
of saving energy. Alternatively, R&D can simply increase the
opportunity set -of capital cost-efficiency trade-offs, but in
dlfferent fuel or building type c¢onfigurations.

Analy51s of the -effect of such technological innovations
is calculated in the ORNL model by revising the technology-
capital cost coefficients of the technology model to reflect
the availability of the new technology after a .given year
{88?5,'gas-fired heat pumps in single-family homes after

The effects of such innovations are seen in a change in
the consumer's efficiency-capital cost choice for a given
appliance. By lowering the net operating costs for those
energy services, this will affect the amount of fuel consumed
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for a given end-use service, and perhaps increase the end-use
service demand. The changes can be evaluated for the simula-
tion results comparing energy use, fuels demands, fuel and
energy savings, and the distributions by fuels-end-use-housing
types.

5. Subsidy Programs : ‘ o

The ORNL Residential Energy Model has several inputs
that may be changed to reflect incentive or subsidy programs.
Subsidies for conservation efforts, such as tax credits,
vendor rebates, loan market incentives, and taxes on ineffi-
cient energy use, can be reflected in the technology models:
which relate energy use and efficiency to equipment costs or
thermal performance installation costs. The subsidies or
taxes can be expressed as modifications of equipment costs,
implying revised cost coefficients for the technology. As
with R&D, the subsidy programs can begin in a specified input
year, and can be linked by housing and fuel as well as the
specific end use. ‘ - '

Low- or no-interest loans for conservation can either be
reflected in the technology model capital costs for equipment.
or installation, or in the interest rates used to determine
the consumer's cost-effectiveness criteria (life-cycle cost)
for conservation investments. However, the interest rates
apply for the entire modeling period, as if the loans were
available at the beginning of the model's time horizon.

6. Operational Factors

The ORNL Residential Model explicitly treats the effect
of price and income changes in potential consumer operational
changes such as setbacks in winter temperature, summer temper-
ature settings, water heating temperature reductions, and
reduced lighting. These are modeled in terms of price and
income elasticities of the intensity with which households
use their existing equipment. The estimates are based pri-
marily on engineering possibilities (e.g., the effects of a
1°F setback on energy use in a house) and ORNL judgments of
the relevant responses for various end uses (e.g., the oppor-
tunities to reduce energy use and save energy from an existing
refrigerator are less than those from temperature changes-and
use o%.an_existing hot water heater). :

The model simulates the change in usage from a change in
actual energy prices or from indirect price effects of incen-
tives (or penalties). The model tends to show that the net
effect of these is larger in the short run than the long run.
Over the long run, the short-run incentives to change use
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. patterns are altered by shifts to new fuels and by»eqﬁipment

purchases and structural improvements that. alter the efficiency
levels and permit higher use per operating dollar. Thus, the
price variable in the usage equation could be interpreted as

an efficiency-weighted fuel price. Over the long run, that
efficiency will also change if prices rise.

7. Modification of Energy Prices

Changes in ‘energy price levels and the relative prices
of various fuels are most prominent in the ORNL model analysis
of residential-sector energy demand. Analysis of the effects
of higher energy prices has been discussed in Sections .B.3.
and B.5. of this chapter. Briefly this is summarized as
follows: First, higher prices of one fuel reduce that fuel's
market share in appliance choices for new equipment.. Second,
higher energy prices for that fuel, and for all fuels, lead
to a choice of more efficient new appliances and structures

AThlrd the higher prlces reduce equlpment usage.

Programs that change the price of energy to residential
customers can be analyzed by changing the energy price fore-
casts which are input to the model. Analysis of the effects
of these on total energy and fuel use need to take into
account uses where, for instance, new or replacement equipment
has been installed, since, for the consumer, the relevant
price variable is price of delivery of the end-use service..
The model presents the price effects as they are weighted by
their impact on end-use efficiencies; shifts to new appliances
and fuels and changes in housing thermal performance are
integral to the model's fuel price impacts.

D. Extending the ORNL Energy Model for Energy
, Conservation Analysis

Current versions of the ORNL Residential Energy Model,
although applicable to a broad range of energy conservation
programs, could be enhanced by reducing several limitations
on the types or precision of analysis of conservation programs
that can be simulated. The following discussion will consider
both extensions of the model to better address key conservation
issues or variables, and refinements of the inputs, coefficients,
and model algorithm that would improve the basic forecasts.

These are presented in the context of possible ways of modifying
the model or 1ncorporat1ng them into the model structure.

The topics were selected, after dlscu351on with DOE, on

the basis of the value of the model changes to DOE residen-
tial energy conservation program objectives. (See the Appendix
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to this report for a discussion of these obJectlves ) The 11
topics are not intended to represent all major areas where
the model could be enhanced. They are, however, priority
areas of significance for application of the model for future
residential energy conservation planning and policy analysis.

(1)

(2)
(3)
(4)
(3)
(6)

(7)

(8)
(9)

(10)

(11)

Retrofit of existing residences for better thermal
performance

Retrofit of existing appliances for better effl-’
ciency

Operational conservation measures
Rate structure and load management
Alternative energy supp]ies - district heating

Alternative energy supplles - solar space and water
heatlng .

Consumer behavior toward the choice of more effi-

cient equipment: discount rates and market pene-
tration -

Renter/landlord/apartment building ana1y51s
Ut111ty activities

Regional programs and 1mpaors of energy use and -
conservation activities A

(a) Technology cdefficients
(b) Elaslicily coefficients
(c) State-level analysis

Technical impfovements in the structure of the base
case of the ORNL model :

(a) Market-share elasticities
(b) Operatibnél elasticities

(c) Reconciliation of the elast1c1ty components
with overall elasticity estimates

(d) -Appllance replaceiients

J



(e) Disaggregation of ¢nd-use energy consumption.

The ORNL Residential Model is installed and/or used for
analysis by a large number of organizations. There also
exist a number of versions and special applications of the
model by DOE and ORNL, as well as ongoing model development
at these institutions. It is therefore entirely possible
that several of the changes or extensions suggested in the
following discussion have already taken form elsewhere. An
informal survey of the forthcoming versions and work in prog-

. ress is presently underway by the authors of this report.

For the discussion below, the analysis has focused on Versions
-5 and 6 of the ORNL model. These are 'in current production
use at EIA and changes in these are most likely to affect DOE
conservation policy development and program planning and
evaluation. Versions 7 and .8 are not sufficiently documented
for critical comment. : ' o

Y

1. Retrofit of Existing Residences for Better Thermal
Performance : . ‘

The ORNL Residential Energy Model capabilities in analyz-
ing the impacts of retrofit programs and incentives to enhance
thermal performance of existing housing were described in
C.3. above. For this, the number of houses to be retrofit
(or responding to retrofit incentives) each year and the
corresponding impact on their energy use must be computed
outside the model and provided as inputs. The cost of retro-
fitting such units can also be an input variable or be com-
puted on the basis of the capital cost energy use technology
curves for each existing housing type (curves similar to
Figure 1-2). N :

- This procedure for modeling retrofits is appropriate
where the retrofit is mandated and the number of homes to be
reached and their expected changes in thermal performance are
identified in the retrofit program (e.g., in -federally under-
taken weatherization for low-income households). It is very
likely, however, that a large portion of the retrofit poten-
tial may be affected by less specifically targeted measures
such as energy tax credits and low-interest loan programs
which change investment costs for materials and installation.
Perhaps as important, the by-now accustomed increases in fuel
prices also provide incentives to retrofit as they increase.
operating costs. Both the capital cost and operating cost
changes will alter the cost-efficient choice of structural
thermal performance levels and fuels expenditures. Currently,
these only affect new housing decisions. Furthermore, the
present model structure represents only average thermal
performance levels for each housing type (by region). Attempts
to differentiate the response between those above and below
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the average levels, and thus having potential for specificially
targeted retrofit programs, can only be undertaken outside
the model. »

The manner in which this might be remedied in the model

.appears to be complex. The number of homes retrofitted as

the result of a retrofit program (e.g., tax credits, manu-
facturers' and installers' rebates, utility promotion and
financing, homeowner information programs) would need to be
calculated based on the initial costs and interest rates and
implicit consumer discounting associated with each retrofit
investment. -For this to be possible, a division within the
model would need to be made between existing houses of the
same housing type but different thermal characteristics. - A
Cost-efficient choices of fuel use vs. structural efficiency
within such groupings would then be compared to the average,
and a penetration algorithm might be postulated which depends
on deviation from the average and the change in the fuel

price levels. Differénces in consumer behavior, both subjec-

tive and in response to market imperfections (e.g., levels of
conservation information and awareness, incentives, etc.) ‘
might be represented for each grouping .by different "implicit"
discount rates to calculate separately weighted cost-effective
choices. (See Section D.7 for more discussion of these
behavior responses, such as response to information programs,
and how they might be represented in the model.)

Alternatively, the market share of "retrofittable"
housing could be estimated as a function of the cost of
energy and the cost of retrofit. Both the accounting system
and methodologies to undertake such a formulation need consider-
able research. Additionally, the information requirements to
estimate the separate market shares of housing types by
thermal performance as well as for various fuel and end-use
characteristics are beyond nationally available statistics,
though approximations may be possible.

Without significantly modifying the existing model
structure, a partial solution to explicitly modeling retrofits
may be found in identifying the market share of homes that
are below a chosen level of thermal integrity. Data, for
instance, from the National Interim Energy Consumption Survey
(NIECS) on other insulation levels might be used to approxi-
mate the market share of housing that has potential for
retrofit.* Reduction in this fraction and the gap between

. them and the average household's cost-effective choice of

*See Hittman Associates, Inc., '"National Interim Energy Con-
sumption Survey,’” Section D in Major Model and Data Sources
for Residential and Commercial Sector Enerqy Conservation
Analysis, June 1980, for a review of the NIECS Survey.
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fuel use vs. thermal performance could be estimated by a
penetration function similar to that which is presently in

the model; or this could be input exogenously. Similarly,
changes in the implicit discount rate for that fraction of
homes with retrofit potential could be hypothesized to repre-
sent increases in information and reduction in market imper-
fection from audits and other re31dent1al conservation service
act1V1t1es

2. Retrofit of Existing Appliances for Better Efficiency

The ORNL model does not currently simulate retrofit
appliance conservation programs. Changes in new appliance
efficiencies, however, are simulated in a fashion similar to
the choice of thermal integrity for new homes (see Section
C.2). For this the technology submodel estimates energy use
versus capital cost of equipment improvements.. Given fuel
and equipment prices and interest rates!, the calculated
cost-effective levels of operating costs versus new equipment
costs then indicate the direction of new appliance purchases.

For existing equipment, however, the model does not
retire the "inefficient" appliances in advance of their
physical lifetimes. (See D.1ll.d for more discussion of the
relirement function.) Again, as was the case with analysis
of thermal integrity decisions, the ongoing fuel price changes
and government program incentives which might influence
existing appliance retirements are not represented in the
model simulations.

A relatively simple modification of the model could be
made to accept exogenously calculated appliance retrofit
numbers, efficiency changes, and purchase prices for each
appliance type. This would parallel ‘the calculation per-
mitted for retrofit of thermal integrity.

Modifications which would explicitly model the early
retirement of appliances in order to purchase cost-effective
features would entail the same difficulties as those discuss-
ed for changes in modeling thermal integrity. Furthermore,
.eff1c1ency distinctions, within an appliance type would require,
in general, identification of the manufacturer and the model
number. For heating and cooling and water heating equipment,
this information may be availab%e Alternatively, where
these exist, the possibility of switching from one type of
heating or cooling appliance to another that provides the
same final service (for instance, from resistance heating to
heat pump or another compatible technology), market -shares of
each are already available in the model as are the energy use
capital cost curves. The decision to retire the existing
heating or cooling appliance in favor of a more efficient
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unit of the same fuel type could be modeled on the basis -of
some threshold difference between the minimized life-cycle
costs for the end-use fuel category (or for the competing
appliance technology) and the "actual" levels for the exist-
ing appliance. :

3. Operational Conservation Measures

. The effects of programs which restrict utilization of
equipment, such as thermostat setbacks or lighting standards,
are not explicitly found in the ORNL Residential Energy Model
structure. The model does estimate the effects of operational
responses to energy price changes through the utilization
elasticities estimated for each end use'or appliance (see
Section C.6). These elasticities are in effect the short-term
responses before changes in fuels, equipment efficiencies, or
building thermal performance can be undertaken. These usage
elasticities are estimated through engineering relationships
which effectively adjust the basic income and price elastici-
ties of fuel demands to reflect the differences in operational
possibilities to reduce energy from the various appliances.
Thus a 10 percent increase in electricity price might reduce
space heating demand for energy by 4 percent (through lower
house temperature) but refrigeration demand by only 0.5
percent. ' (See Section D.11.b. below for further discussion
of these usage estimates.) -

. There is, however, presently in the model no way to
depict the converse effect of usage changes or operational
controls on energy use. A modification similar to the treat-
ment of appliance efficiency standards could be employed.

For this, a maximum energy use constraint reflecting the
energy cutback from the operational standard could be pro-
grammed into the usage equation for the relevant appliance.
The actual energy usage would then be the minimum of the
standard or the usage resulting from the usage elasticity.
For example, a 1°F cutback in the heating thermostat might
reduce energy use by 5 percent. The usage resulting from the
usage elasticities would be 95 percent or less, depending on
whether price or income changes further reduced usage.

A drawback to. this approach is that the lower energy use
from the operational cutback would not itself affect any
future elasticity. The usage elasticity would operate as if
there were no cutback. Since the elasticity coefficients are
based primarily on engineering estimates, it is difficult to
go back to the data to reestimate these. Data from the
Midwest Research Institute (MRI) appliance survey giving
monthly usage per appliance for a national cross-section



could pérhaps assist in reestimating these. - (See Section
D.11.b for further discussion of these elasticities.)*

4. Rate Structure and Load Management

The ORNL model currently accepts forecasts of average
prices of electricity, natural gas, fuel oil, and other
(propane) as inputs, and computes residential demand on an
annual basis. . The same annual fuel price is applied to each
end use. Because of this, the model cannot be used to
evaluate the impacts of rate structure options, which include:

(a) Conventional declining block rates in which unit
cost decreases with quantity consumed

(b) Level rates in which unit costs are constant

(c) Inverted or lifeline rates in which unit costs
-increase with quantity consumed

(d)‘ Inéentive rates in which usage in excess of a
- percentage of the prior year's usage (e.g., over 90
percent of prior year use) is priced above the base
price. .

Similarly, because the ORNL model only calculates annual
energy use and does not calculate the hourly load profiles of
electrical equipment usage, the model cannot evaluate load
management programs. Load management programs include:

(a) Direct load control in which the utility can cycle
customer equipment (e.g., air conditioners)

(b) Timers that limit the time of operation of appli-
ances (e.g., water heaters) '

(c) Storage devices that store energy at night (or over
seasons) for use during peak periods of electricity.
use

(d) Time-of-use electricity rates.

*MNidwest Research Institute. Patterns of Enerqy Use by
Electrical Appliances, EPRI EA-682, Project 576. June
1979. Also Hittman Associates, Inc. ""MRI Appliance Data
Base,” Major Models and Data Sources for Residential and
Commercial Sector Energy Conservation Analysis. HCI011/
002-80-931D2. June 1980. ' o
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It appears that it would be extremely difficult to
modify the ORNL model to take full account of the effects of
all the changes that might affect hourly rates and usage.
More permanent national rate changes, however, might be ,
approximated by appliance-specific reestimation with those
rates and inputting appropriately "averaged" annual rates for

- these with estimates from outside the model. This still

leaves open the possibility  that even with the same average
rate, new changes in the rate structure will again affect
total demand. Reestimation of the average response, a pro-
vision for synthetic inputs from engineering energy load
models aggregated across end uses appears to be the only
solution, unless the model is entirely reestimated at the
utility service area level for a shorter time period and
engineering-determined load curves integrated into a new
operational response submodule. In this, the change in load
pattern would be treated as a change in the usage level.

Such a change in rates has in fact occurred since the

- model was first estimated, and the model structure should be
adjusted for this. In 1970, the ORNL market share data base
year, many electric utilities had special rates to promote

electric space heating and most had declining block rates
which effectively provided lower prices for space heating.

In ‘recent years many (perhaps most) utilities have instituted
flat rate structures in which the unit cost is independent of
quantity sold. Some utilities also have inverted rates in
which the cost of electricity for space heating for a single-
family home would be higher than the cost for other uses.

To adjust the existing model to reflect this changing
space heating electric rate structure, several steps would be.
necessary. First, the model should be revised to accept a
separate electricity price for space heating (or cooling, in
some regions). Second, the market share elasticities should
be .reexamined for consistency with the electric space heating
(or cooling) rate. Third, rate developments since 1970 and

- potential future developments should be examined to develop

an input price of electricity for space heating (or cooling).

5. Alternative Energy Supplies - District Heating

The ORNL Residential Energy Model calculates consumption
of electricity, natural.gas, fuel oil, and other (primarily
propane). It does not currently simulate use of steam for
district heating. Similarly, it cannot evaluate the market
penetration of windmills, photovoltaics, and total energy
systems in the residential sector. ’

District heating syétems provide steam, generally for
space heating apartment buildings. This is available in 43

I-30



cities in the United States. District heating is apparently
. included within the other. fuel use in the current model, but
the other fuel price is the price of propane, which is quite
expensive relative to district heat where it is available.

- Several steps would be required to explicitly treat
district space heating within the ORNL Residential Energy
Model. First, the market share equation for space heating
would need to be modified to reflect district heating. The
district heating market share applies to space heating in
limited geographical areas within. the model's coverage; the
market share would need to be multiplied by the fraction of
houses where district heat is available. Market share elas-
ticities, including district heating, would need to be de-

" veloped. Second, the model would rnieed to be modified to
accept an input price of district heat. Third, technology
characterization function would need to be added for district -
heating. Fourth, the section of the model which prints out
forecasts would be modified to display projected district
heating. .

6. Alternative Energy Supplies - Solar Space and Water
Heating

The current version of the ORNL Residential Energy Model
accepts as input a function that relates installed space
heating and water heating capital cost to annual energy use
(efficiency).- Figure I1-2 presents an example of this tech-
nology characterization function. - As described earlier,
life-cycle cost minimization using this efficiency-versus- :
capital cost trade-off indicates the direction for new consumer
purchases of housing energy conservation installations and of
appliance investments. (See Section B.3). Energy use per
house per annum may be reduced by installation of more efficient
systems, with an associated increase in installed costs. B

With appropriate data, the technology characterization
functions could be modified to reflect solar space and water
heating options, leading to further reductions in energy use
at greater installed costs. However, the resulting model
output would only indicate the utilization of the backup fuel
and would not reveal the solar contribution.

Solar space and water heating could be explicitly treated
by modifying the ORNL model. The structure of this modifi-
cation is displayed in Figure I-4. The first step, embodied
in the existing model, is the choice of a fuel for space
“heating and for water heating. The second step would be the
choice between conventional fuel-using systems or solar with,

- for instance, electric backup. The third step would be
selection of the efficiency for the conventional system and
the efficiency as well as solar contribution for the solar
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Figure I-4. Structure of ORNL Residential Energy
Model Modifications to Explicitly
Treat Solar Space and Water Heating
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system, by fuel type. This structural modification involves
adding the second step, the solar/conventional choice, to the
model and providing a technology characterization function
(e g., Figure 1-2) for solar with fuel backup

These modlflcatlons would have several beneflts

(a) Embodying solar optlons within the same model used -
for conservation policy analysis and mid-range
forecastlng

(b) Providing a capablllty of simulating pollcles to
increase the market penetration of solar

(c) _Prov1d1ng the capability to 51mu1ate the impacts of
o p011c1es which favor both conservatlon and solar
energy.

Data in the technology curves life-cycle cost analysis
and consumer demand appear to be available from solar space
and hot water modeling analyses sponsored by DOE and inte-
grated into market development and commercialization models.
Such models include the Arthur D. Little's Solar Market
Development Model, the Orkand Corporation's Simulation of ‘
Solar System Performance and Market Penetration Model (SOLARSIM),
and Mitre Corporation's System for Projecting the Utilization
of Renewable Resources (SPURR).* A major effort, however,
would be necessary to make the data fully compatlble with
ORNL residential sector def1n1t10ns and the parameter estimates
from differing sources.

7. Consumer Behavior Toward the Choice of More Efficient
- Equipment - Discount Rates and Market Penetration

- The ORNL Residential Energy Model analysis of consumer
decisions with respect to more efficient equipment was discuss-
ed in Section B.3 under efficiency elasticities and market
penetrations. For such decisions, the model represents the
consumer as.choosing the technologies available for a given
end use and fuel price in terms of life-cycle cost comparisons
of various equipment available and combinations of equipment
cost and operating cost. The model assumes and estimates for
each appliance service, a "real" interest rate with which the
future operating expenses (and savings) can be evaluated.
Ideally, the consumer would choose from all combinations the
"cost-effective" or minimum life-cycle cost option, but the
observed actual choices differ from this. The model assumes

*Squfces given in the Bibliography. See also Hittman Asso-
ciates, Inc. Major Models and Data Sources for Residential
and Commercial Sector Enerqy Conservation Analysis, Section K.
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that market imperfections and other more subjective reasons
(lack of information, imperfect financial markets, uncertain-
ties, ‘etc.) are the reason for this difference. The term
"implicit discount rate" can be used to combine the various
imperfections that distort the decision away from the cost-
effective one. A variety of studies suggest this distortion,
if applied as an actual discount rate in the life-cycle cost
analysis, is equivalent to a rate of 30 percent to 200 percent
dependlng on the appliance involved.#*

For market penetratlon.or calculation of the actual
efficiency levels purchased, the model further assumes that
as fuel prices rise, the cost of these imperfections to the
consumer rise :and thus they will be reduced; the discount
rate and the gap between actual and optlmal purchases decline
w1th rising fuel prices.

The ORNL modelers admit that this approauh though based
on reasonable theoretical assumptions and prov1d1ng "reason-
able" empirical results, is for the most part "ad hoc"- (lest
and Carney, 1978, p. 71). This lack of a firm theoretical
and empirical foundatlon limits the model's contribution to
analyzing changes in consumer behavior. Several areas where
this weakness affects model analysis are: :

(a) Conservation information programs that could affect

' the imperfect information consumers receive on
conservation opportunities, the procedures to carry
out the conservation investments, and the net
savings from.such operations

(b) Opportunltles to obtain appropriate fludHLlng
(e.g., utility financing); thls may affect both the
capital cost and the consumer's "view" or dis-
counting ot the equipment benefits

(c) Conservation activities, 1nclud1ng (a) and. (b)
above which have differential effect across income
groups or other classes of consumers, where the
implicit discount rates of these groups may differ

~and be differentially changed.

A variety of DOE-sponsored studies are presently in
progress at ORNL and elsewhere to better understand consumer
decision making. To some extent, constructive findings may.
be incorporated into the model by varying "real" interest

*Zee, for example, O’'Neal, D. et al., "An Estimate of Consumer
Discount Rate Implicit in Single-Family Housing Construction
Practices,’” ORNL working paper. June 1980.
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rates according to the proposed conservation program or by
adjusting the penetration function to reflect changes in -
market distortions. More complete  analysis would probably
involve disaggregated modeling of consumers' behavior beyond
the scope of the ORNL model. The results of such modeling,
however, probably could be summarized and interpreted into
proxy 1nterest rates suitable for ORNL model simulation of
aggregate impacts.

]
|

8. Renter/Landlof&/Abartment Building Analysis

The ORNL Residential Energy Model s1mu1ates energy use
by building type: single-family, multifamily, and mobile
home. The existing model can approximate the impact of some

types of conservation policies by building type, .for instance,

tax credits, which affect the initial cost/annual energy use
trade-off, and retrofit thermal integrity programs, based on
an input number of homes retrofit, by building type. Although
for this analysis initial cost/annual energy use trade-off
functions are input to the model for each building type, the
"real" interest rate used to determine the minimum life-cycle
cost choice of new building thermal integrity and of new
appllance eff1c1ency is the same for all building types.

\ Modifying the ORNL Residential Energy Model to accept
interest rates by building type would permit approximate
modeling of conservation behavior by owner type. In 1977,
the relatlonshlp given below prevailed between building and
owner, types.*

Building Type Owner-Occupied Renter-Occupied

Single-family. ' - 79% , - 21%
Multifamily 12% - 88%

Mobile Home | 82% : .; 18%

Separate interest rates input by building types would
help to reflect apparent differences in conservation market
penetration between single-family and multlfamlly units as
shown below:#*=*

*U.S. Department of Commerce, "Annual Housing Survey:
1977," 1979, p.1.

**Energy Information Administration, ""Residential Energy Con-.
sumption Survey: Conservation,”  February 1980, p. 17.
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Conservation

Activity - Single—fémily Detached 2-4 Units
Storm windows 63% : ~ 57%
Storm doors 4 67% . 41%

- Attic insulation. . - . T7% ‘ 35% *

Wall insulation . 54% 28% *

Conservation behavior not only depends on building and
appliance ownership but also on the utility billing; one
study** indicated that master-metered apartments use an
average of 35 percent more electricity than separately metered
apartments. Differences in metering can be reflected in
regional application of the ORNL model, once separate interest
rate inputs are accepted by building type: the extent of
master-metering ranges from 18 to 7/ percent between cities.*%*
Analysis on metered versus non-metered apartments from the
National Interim Energy Conservation Survey may help to
better define these effects and their determinants.

Once separate interest rates are accepted by building
type, the ORNL Residential Model could be used to simulate
conservation programs which affect the implicit interest rate
market imperfection and distortions and ssubjective factors :
used in consumer conservation decisions. . Low-interest loans
and residential conservation programs targeted to apartment
dwellers or landlords are examples of such programs.

9. Utility Activities

Actions taken voluntarily or mandated for private and
public utilities to foster increased residential energy .
conservation are only partially amenable to analysis with the
present ORNL model structure. Several applications and
extensions of the model to include these simulations are
given below. This discussion incorporates several of the
changes and analytical discussions from other sections of
this chapter. - ‘

Examples of potential residential energy conservation
activities involving utilities include:

*Approximately 40 percent did not know whether building had
insulation. . : , ‘

**Midwest Research Institute, ""The Energy Conservation Impli- .
cation of Master Metering of Electric Service in Apartments,"”
Proceedings of Second Annual Conference on Enerqy, Rolla
MO, 1975, . .
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(a)

(b)
(c)

(d)
(e)

£y

(g) -

(h)

(i)

(3)

(k)
(1)
(m)

(n)
(o)

(p)

The Residential Conservation $ervice<(energy audits)
Public information programs

Changing from dec11n1ng block to level or 1nverted
rate structures, seasonal rates :

Marginal cost rates for new customers

Penalty rates for increased. usage (or for failure
to decrease usage)

Low- or no- 1nterest loans for retrofit conservation

activities

Free conservat1on equlpment (e.g., showerhead flow
restrlctors) : :

Buy1ng old, inefficient appllances (e. g frost-free
refrlgerators)

Energy conservation standards for new customers
(e.g., new electric heating customers must have a
speC1f1ed level of 1nsulat10n)

.Alternative energy programs (solar- electric incen-

tive. rates, loan programs)

District heating

Prohibitions on new electricity uses
Loao management

Time-of-use rates

Customer energy storage incentives

Voltage reductlon

The ReS1dent1al Conservation Service and pub11c 1nforma->A
tion programs can be approximately simulated with the existing
ORNL Residential Energy Model.. The interest rates used to

- determine minimum life-cycle cost equipment choices can be

reduced to reflect better information. The number of retro-
fit units can be increased, reflecting improved knowledge of
retrofit opportunities. However, these programs could be

modeled more explicitly by adapting the ORNL model to accept

an input percentage or Btu per household reductlon in energy

use due to 1mproved information.
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The ORNL Residential Energy Model currently accepts a
single average price for each type of fuel. Electric and
some gas utilities, however, are effectively increasing the
price charged for space heating and for space cooling by
changing from declining block rate structures to level,
inverted, and seasonal rate structures. In addition, most
utilities have abolished promotional rates for electric space
heating and all-electric homes. Modeling the impact of these
- changes in rate structure would require adapting the ORNL
model to accept separate prices for space heating and space
cooling. In addition, the fuel price-equipment ownership
elasticities should be adjusted to reflect actual rates,
rather than average prices, in the historical period. Data
for this adjustment can be obtained from the Federal Energy
Regulatory Commission publication "All-Electric Homes." -

) As in the analysis of most utility programs, modeling
the impact of rate structure changes presents aggregation
problems in applying the ORNL Residential Model to regional
or national data. Individual utility rates could be weighted
according to:

(a) Number of résidential customers
(b) Reéidential sales
(¢c) Estimated sales by end use.

Alterﬁatively, the model can be applied to an individual
utility service area to estimate rate structure impacts for
the area. :

Marginal cost rates for new customers and penalty rates
for increased (or failure to decrease) usage cannot be modeled
in the current ORNL code. The model could be modified to
accept separate fuel price forecasts for existing and new
homes; additional data and modifications would be necessary
to include new owners of old homes on the higher rates.
Penalty rates would be difficult to model; these rates apply
only to homes with a -year's sales history. The ORNL model
might be modified to provide an iterative solution for the
energy price and quantity consumed in existing homes, embody-
ing the rate structure within the computer code. An initial
estimate of average energy price to existing homes would lead
to- a consumption estimate per home. This estimate of consump-
tion per home would be compared to the prior year's consump-
_tion, providing a revised estimate of energy price. The
process would continue until the price estimates converged.

Utility retrofit programé could be modeled using the

existing ORNL code by modifying the input number of homes
weatherized and the cost of weatherization. However, explicit
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modeling of retrofit programs would require model modifica-
tions so that the number of homes and appliances retrofitted
as a result of incentive programs would be computed based on
the initial cost -and interest rate associated with retrofit
investments. An intermediate step in modeling appliance
retrofit. programs would be to extend the model's current
exogenous weatherization logic to appliances, inputting the
number to be replaced or adapted for improved efficiency
(e.g., water heater wrap)

Ut111ty energy conservation standards for new customers
could be incorporated in the ORNL Residential Model's existing
logic, which accepts building and appliance efficiency stan-
dards. However, in regional or national application, rather
than making service area impact estlmates, the utility program
should be weighted by the utility's share of regional residen-
tial energy sales. Thermal integrity standards for new
owners of existing homes could be incorporated in the model's
retrofit. 1nputs

Alternative energy programs, such as incentives. for
solar or wood heat with electric backup, and district (steam)
heating are not explicitly treated in the current ORNL Resi-
dential Model. Similarly, prohibitions on use of electricity
for resistance space heating or water heating in new dwellings
cannot be modeled with the current code These programs .
could be modeled by:

(a) Addlng a-distinct "alternatlve energy" fuel type
‘("other" fuel in the current modél is primarily
propane) with an input market share for new homes,
allocating remaining homes to other fuels

(b) Permitting the user to prohibit a fuel choice for
~an end use in new homes, allocatlng fuel choices to
remalnlng fuel types.

More explicit modellng approaches for alternate energy programs'
could include: .

(¢) Adapting the initial cost-annual energy use trade-
off curves for the backup fuel (e.g., electricity
for solar space heat with electric resistance
backup) to reflect alternative energy options and
incentives

(d) Adding alternative energy price, market share, and
equipment costs data, reflecting incentive programs,
and modeling alternative energy market penetration
analogously to penetration of fuels
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(e) Revising the initial cost of new electric space and A
' .water heating equipment to remove the resistance

option.

The ORNL Re51dent1a1 Energy Model projects residential
electr1c1ty use on an annual basis only. Ut111t1es, however,
are engaging in several types of programs to increase resi-
dential load factor and reduce peak-hour use involving daily
and hourly demands. Similarly, load management programs -
involve utility control of peak-hour use, such as radio-
actuated cycling off air conditioners for 15 minutes per hour
and interlocking appliances to prohibit simultaneous operation.
Utility customer storage programs include demonstrations of
heat and cool storage and incentive rates for storage water
heaters. Time-of-use electric rates prov1de incentives to

‘reduce peak-hour usage.

Fhanges in the ORNL Residential Energy Model to incors
porate the peak-load and hourly demand analysis would require
extensive and very awkward revisions in the existing struc-
ture. It would be more efficient to adapt the ORNL model to

- a utility service area and then link the model's annual

energy consumption projections, by end-use, to a residential
peak-demand model which would make adjustments to the basic
annual demand. Efforts in this direction are currently in
development at Lawrence Berkeley Laboratory (LBL).

10. Regional Energy Use and Conseryation Activities

The ORNL Residential Model has been dlsaggregated to
make regional projections at several levels of regional
detail. The model has been applied for nine Census reglons
(Kurish and Hirst, 1977); for 10 DOE regions (Hirst et al.
1977), for states (bakolosky and Muttardy, 1979), and for
service areas of 10 electric utilities (work in progress at

* Lawrence Berkeley Laboratories).

The studies listed above relied primarily on the natlonal

. model structure and coeff1c1ents, but used regional input

data for:
a(a)~ Number of homes by building type
(b) Market shares for honéing and equipment
(c) Fuel prieee and income .
(d) Number of 16w-inCome units to Be retrofitted.
Several major 1mprovements would be useful to better
"differentiate reglonal responses and impacts. These are

discussed below.
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a. Technology Coeff1c1ents Estimates of these energy
use (efficiency) versus capital cost curves for individual
structures and for appliances should differ depending on the
climatic conditions of the region (e g., energy use and
efficient use of equipment for regions with a mean winter
temperature of 45°F differ from those with 25°F). The various
regional models do not seem to reflect these dlfferences

Data for estimating the separate regional capital
cost versus thermal performance curves for housing appear to
be available from the ongoing buildings energy use estimates
from models such as the DOE-2 model housing runs for the
Buildings Energy Performance Standards (BEPS) analysis.
Similarly, regional data for the capital cost versus appli-

~ance efficiency curves should be avallable from the appliance

efficiency standards analysis at DOE. (See, for example,
Technical Support Document No. 5 for Energy Efficiency Stand-
ards for Consumer Products, DOE/CS/BCS, May 1980.)

b. .Elastlclty Estimates. The reports on the regional
models indicate that the market share usage and technical
efficiency elasticities employed in the various regional
models depend to a considerable extent on those estimated for
the national model. To the extent that individual behavior
pattirns vary reglonally, these could, distort the regional
results _

Recent versions of the regional models apparently
could now adjust the national elasticity estimates to the
approximate regional responses via regionally estimated
overall fuel usage elasticities.® Since the overall fuel
usage elasticity should equal the sum of the other three

"elasticities for that fuel, it is possible to use this as a

control total to adjust the others (see Section D.1l.c for
further discussion). A variety of problems, however, exist
in making such adjustments. In particular, the technological

-efficiency elasticities depend on the technology model coeffic-

ients, which do not vary by region (see a. above). Addition-
ally, this adjustment procedure does actually reflect regional
differences in behavior that differentiate specific changes

in usage, market shares, and techn1ca1 eff1c1en01es

. When estlmates are avallable for reglonal estlma-
tion of the technology coefficients, perhaps from DOE appli-
ance efficiency standards analysis (see Technical Support
Document No. 5 of Energy Efficiency Standards for Consumer
Products), then a partial solution will exist. Appropriate
regional technical elasticities then require adjustment of
only the usage and market share coefficients.

*For such estimates, see SakoloSky and Muttardy, February, 1979.
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c. Staté-LeVel Analysis. The 10 DOE region version of
the ORNL model is an ongoing, regularly updated entity used
for analysis at EIA (as the Structural Residential Energy Use

- Model) and as part of the DOE Midterm Energy Forecasting

System (MEFS); this regional version is running at a number

of other institutions as well as at ORNL. ' Similar application
of the state-level model has not.occurred. It is, in fact,

in disuse. ' , o

The State Residential Energy Demand Model was

developed in 1978-1979 by Tetra Tech for DOE.* For this, the

ORNL national model was reestimated and initialized for

state- or sometimes regional-level information. ~Considerable
attention was given to reestimating a state-level housing
submodel and attempting to correct deficiencies in the regional
elasticities of demand. The model has been run and updated

to be consistent with the ORNL Model National Version 5.
However, at this point no use is being made ot the model

since state-level data forecasts. and inputs have not been

high priority at DOE. : '

The state-level analysis of residential energy
demand can be of considerable importance to energy conserva-
tion policy and planning. The Tetra Tech analysis underlines
this in the following example (Sakolosky and Muttardy, April
1979, pp. 39, 40).

The differences between energy consumption
patterns in individual states are of critical
importance to government and utility planners.
California's total fuel consumption level exceeds
Arizona's by a factor of 7 in 1990 so that even
small percentage savings in energy use in California
could lead to substantial actual savings. However,
Arvizona's households are projected to consume 15
percent more fuel per household than California's
in 1990, reflecting a large increase in energy use
intensity over the simulation period, particularly

_in electricity. Arizona is thus an importarnt area
for implementing electricity conservation programs.
Its overwhelming dependence on electricity indicates
the importance of seeking alternative energy
sources to supply its fuel requirements.

Differences between California and Arizona's
energy requirements exemplify intraregional differ-
ences which exist among states within Federal \
regions. These differences impact strongly on

*Sakolosky and Muttardy, February 1979 and April 1979.
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individual state's responses to market forces and
mandated federal energy programs. For energy
planning and analysis, it is important to simulate
energy demand at the state level to judge the
effectiveness and fairness of proposed programs on
the diverse states and to identify sensitive areas
of program -impact.. ' '

o To better apply the state-level model, more interest
in state-level forecasts would need to be forthcoming from
DOE, and efforts would have to be made at EIA to collect and
project state-level input data for the simulations. Reesti-
mation of the elasticities and the technology coefficients
could -follow after the initial interest in its applications.

11. Technical Improvements in the Structure of the Base
Case of the ORNL Residential Energy Model

The specification of the model's base case could be
improved by refinement of the input data and the model's
algorithm. Suggestions for several of these are presented. in
the following discussion.

a. Market Share Elasticity Coefficients. The ORNL
Residential Energy Model accepts long-run equipment market
share elasticities. These elasticities relate the share of -
new houses choosing each fuel for each end use to fuel prices
and income. The elasticities were estimated using 1970
Census of Housing data. ‘

The elasticities should be updated.-because the-
original data used to derive these coefficients are 10 years
old and not as relevant to present-day applications of the
model's algorithms. Energy prices have risen dramatically
since 1970, so the current elasticities are being applied to
energy prices that can be considerably outside the historical
range of data. Reestimating the elasticities using recent
data should improve the accuracy of the model's market share
predictions. Also, the Census data set used in the current
estimates provides measures for the 1970 stock of houses
using fuels for each end use; in contrast, the elasticities
are applied not to the stock but to new construction. Thus
it would be desirable to reestimate the elasticities using
new construction market share data.

- The data set which could be used to determine new
~estimates for the space heating market share elasticities is
" the U.S. Bureau of Census Construction Reports: Characteris-
tics of New Housing, Series C-25. This source has the fuel
used 1n new single-family and in new multifamily homes, by
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year built, and by four regions of the United States. Com- ‘
parable energy price and income data can be developed from

Department of Energy and Bureau of Census publications. The

National Interim Energy Consumption Survey (NIECS) results

are also ‘amenable to this analysis, although the data are not
for new housing alone.*

Once the new elasticities are estimated, these
values may be input to the ORNL Residential Energy Model and
the results compared to forecasts using the old elasticities.

b. Operational Elasticities. The ORNL model employs?
short-term usage elasticities of fuels demand per equipment
to represent consumer behavior during the short-run period
when there is no opportunity to make new equipment investments
or to change fuels. These operational changes would include
thermostat setbacks for heating or increases for air condi-
tioning, cutbacks in lighting, reduced use and/or temperature
of hot water, etc. Estimates of these fuel price and income
elasticities for each end use rest on engineering judgments
of ORNL scientists. Empirical verification has apparently
been made by comparison to the overall short-run fuel demand:
estimates in other studies (Hirst and Carney, 1978, p..33). °

§

The model would benefit from independent estimates
and verification of these. A potential source might be the
Midwest Research Institute's individual electric appliance
metering data by ‘household for 1976. This relatively small
cross-sectional sample for 12 monthly readings would probably
not provide much variation in prices for any individual
household, but the differences in income response could be
statistically significant.#%*

c. Reconciliation of the Elasticity Components With

Overall Elasticity Estimates. The model estimales
the demand for each fuel with respect to changes in its own
and other fuel prices, income, and climatic variables. The
demand elasticity for this fuel is disaggregated into three
components of household behavior: market share equipment
ownership elasticities, which reflect changing fuel consump-
tion due to switching from one fuel-using equipment to another
when fuel price changes; usage elasticities which measure
change in intensity of equipment use with respect to changing
fuel prices; and technical efficiency elasticities which

*See Hittman Associates, Inc., '"National Interim Energy Com-
sumption Survey,” Section D in Major Models and Data Sources
for Residential and Commercial Sector Enerqgy Conservation
Analysis, June 1980, for a review of the NIECS Survey.

**M1dwest Research Institute. Patterns of Enerqy Use by
Electrical Appliances, EPRI EA-682, Project 576. June 1979.
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reflect switching from one fuel-using equipment to another

‘which uses that fuel more efficiently. . Each of these elasti-

cities is estimated independently in the model simulation.
The question is whether in the simulation these separate
elasticities sum-to the appropriate overall fuel elasticity,
since they are responses reflecting somewhat different behav-
ioral reasoning. "~ The original model (Hirst and Carney, 1978,
p. 32) provided a correction for this by estimating an overall
fuel demand elasticity, and using the simulation of this as a
control total to which the other three would be adjusted by
the user. If this adjustment is not made (which appears to
be the present practice), then it is possible that the sum of
the three components, which were not simultaneously estimated,
could drift away from the total fuel demand response indicated
from the overall estimate.

Explicit corrections or checks for this possible
variation could be important for overall fuel use estimates
as well as analysis of regional variation. Solutions might
include simply pointing out for the user the comparisons of
the overall versus the sum of components, or alternatively
developing a correction internal to the model.

If either of these steps were to be taken, then it
would be important to also update the "overall" demand elastici-
ties estimate. The original estimales were from state-level
data from 1951 to 1974. Recent fuel use and price history
data are available from the Department of Energy EIA and from
trade associations (American Gas Association, Edison Electric
Institute). Energy prices have increased significantly since
the coefficients were first estimated; reestimation could
significantly improve model accuracy in forecasting residential
energy usage under conditions of high energy prices.

d. Appliance Replacements. Current analysis of appli-
ance choice focuses on purchases of appliances for new house-
holds and replacement appliances for those that have been
retired. The difficulties of this formulation in analyzing
retrofit behavior were discussed in Section D.2. In the
present model formulation, where appliances are replaced only
upon wearing out or losing their usefulness, the estimates of

" the removal rates become even more important in evaluating

long-term savings from appliance efficiency standards.

The current ORNL model, Version 6 computer listing,
employs a percentage decay function consistent with estimated
equipment lifetimes. This is likely both to overstate removals
during the early portion of appliance life and to retain some
too long. An improvement might be to. use Arthur D. Little
appliance data from the DOE appliance efficiency studies
(Energy Efficiency.Standards for Consumer Products, Technical
Support Document No. 5, U.S. DOE/CS/BCS) and estimate a
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loglstlc curve that has few early retirements, the bulk near
the mid to late term and a few that last much longer.

e. Disaggregation of End-Use Energy Consumptlon. The
ORNL Residential Energy Model can be modified to reflect more
accurate disaggregated information or end-use energy consump-
tion. The current model does not present significant differ-
ences in consumer behavior for each end use across housing
and user markets. In a recent paper '"Appliance Acquisition
Mechanisms and Energy Consumption Throughout U.S. Housing:, A
Disaggregated Probe," Dr. Fred Reid indicated that appliance
acquisition decision making differs among building types and
between new and replaccment markets.

¢ The ORNL model could. probably be mod1f1ed with
relative ease to accept specific data for these added markets;
the main effort would be to develop consistent data for each
market. .
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b II. . MODEL FOR MICRO ANALYSIS
: _ OF HOUSEHOLD ENERGY CONSUMPTION

: [Micro Analysis of Transfer to
Households/Comprehensive Human Resources
Data System (MATH/CHRDS)]

A. Introduction

The MATH/CHRDS model provides simulated data files for
analyzing the distributional effects of the Department of
Energy's household energy conservation programs across various
socioeconomic subgroups. This chapter discusses critical
elements of the model structure and attempts to identify its
present applications and its potential to address future
issues and programs of importance to residential energy
conservation policy analysis.. = - ‘

A brief background to the model, its use, and a summary
of the findings pertaining to the model are presented below.
The major sections of this chapter then expand on these.
Section B provides an overview of the present model structure.
Section C offers an assessment of the MATH/CHRDS applications,
examining its strengths and limitations and suggesting areas
where it may be modified to better assist analysis of residen-
tial energy conservation.

1. BackgrbUnd

MATH/CHRDS provides a synthetic micro household data
base created by augmenting and updating base-year survey
information. The micro simulation model then extends this to
project results. of a household energy consumption survey that

-might have taken place in a future year by updating demo-
graphic, economic, and energy-related characteristics.
Household expenditures change as a function of energy prices,
incomes, housing and energy-using appliance stocks, fuel
choices, and energy efficiencies of appliances.and structures.
Socioeconomic variables related to the households include
income levels, age, regional location, housing type, employment,
and family size. With these, the model provides a basis for
evaluating the impacts on household energy expenditures due
to trends and policy changes in energy prices, appliance
efficiency levels,. energy use patterns, and demographic and
socioeconomic variables. The model also provides detail on
household energy use for transportation, but the present
discussion focuses on energy use within the buildings.
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MATH/CHRDS employs microanalytic simulation techniques
developed originally for planning and evaluation of public
welfare (transfer) policies in the 1960s. The Micro Analysis
of Transfers to Households (MATH) model by ‘Mathematica Policy"
Research, Inc., is basically a modification of the Transfer
Income Model (TRIM) that was developed for analysis of tax
and transfer payment systems. of Income Maintenance Programs.
This structure has been extended to include detailed character-
istics on residential energy use and expenditure in the
Comprehensive Human Resources Data System (CHRDS). In combining
these two, the capability and data are developed for analyzing-
the impacts of energy conservation policy disaggregated in
detail to the household level. Using these, the MATH/CHRDS
model can simulate the distributed impacts of proposed house-
hold energy conservation policy and present this in the form
of a synthetic sample survey showing the effects on each
household of the energy changes. The major impact variables
are the distribution of household energy expenditures as
these are affected by changes in energy prices in combination
with changes in appliance efficiency levels, energy use

patterns, and household demographic and socioeconomic charac-
teristics.

The MATH/CHRDS model currently interfaces with EIA's
Midterm Energy Forecasting System (MEFS) to provide the ,
detailed distributional impacts analysis of the Annual Report
to Congress. - Major requests for model outputs at DOE primarily
take the form of more detail from existing runs that are
further disaggregated by distribution of income, location, or -~
building structure. Recent work has involved use of the
model's update to 1975 to develop the household sector of the
End Use Consumption Data Base, Household Sector, 1975.%

The model development is the outgrowth of work by Mathe-
matica Policy Research, Inc., for the Federal Energy Admini-
~ stration and later for EIA. The work is ongoing,. but the
basic theoretical model design and implementation are addressed
in "Distributional Impact of Energy Policies: Development
and Application of the Phase 1 Comprehensive Human Resources
Data System" and- in "MATH/CHRDS: Technical Description" by
Jill King and Mathematica Policy Research. The documents,
"MATH: User's Guide" and "ENERGY: User's Guide," deal with
the running of the system. MATH/CHRDS application in policy
analysis is illustrated in the analysis memorandum from EIA,
"A Distributional Analysis of the 1985 Energy Projection for
the Annual Report to Congress of the Energy Information
Administration."#. :

*Additional summary information on the model structure, policy
variables, model Inputs, outputs, data sources, and accessibi-
lity are introduced in the publication, Major Models and Data
Sources for Residential and Commercial Sector Enerqy Conserva-
tion Analysis, Section D, "MATH/CHRDS,” and Section F, "Energy
Consumption Data Base.” Hittmgn Associates, Inc., June 1980.
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,These documents, together with discussions with the

model developers and users at EIA, form the basis for the
analysis that follows.

2. Summary

MATH/CHRDS can provide household-level simulations of
the distributional impacts of proposed residential energy
conservation programs and policies. Changes in household
energy expenditures and fuels use can be analyzed across

geographical, socioeconomic, and‘housing-characteristics as

these are affected by changes in energy prices, appliance

efficiency levels, energy use patterns, and different assump-

tions about targeted energy.conservation policies. The major

applications for this capability and the areas where the
model's analysis is presently limited are indicated below.

a. Application to Household Energy Conservation Issues
and Program Areas. .

(1) Energy Pricing. In the model, change in fuel
. prices, either through government controls and taxes or
through scarcity and market mechanisms, is one of several
factors that enter the energy expenditure equations.
.These equations estimate purchases of the five different
fuels as determined by a variety of household character-
istics; some of these characteristics such as appliance
fuel choices can themselves reflect the influence of
fuel prices, given appropriate exogenous forecasts.
Short-run price effects on the operation of existing
‘appliances are modeled through short-run elasticities.

(2) New Buildings and Appliance Efficiency Levels.
The model permits changes in input to the model in
appliance efficiency levels and housing thermal perform-
ance as- these are proscribed by standards or assumed to
reflect household conservation preferences. Energy
requirements can be varied by region, housing type, and
year of change and then incorporated in the model through

Aexogenously estimated rates (by 1ncome class when avail-
able).

_ (3) Retrofit of Existing Buildings. The model
will stochastically distribute exogenous projections of
the number of homeowners undertaking retrofit measures.
The model can accept rates by housing type, income, and
region and other household characteristics, and provide
outputs for policy analysis to the extent that these
average rates can be identified to occur as responses to
specific retrofit incentives.
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(4)  Tax Credits and Rebates for Energy Efficiency
Measures. Once the model has distributed the
retrofit or new building energy efficiency measures,
then the characteristics of the selected households can
be used to calculate the tax credit or rebate appropriate
for the investment and to indicate the changes in dispos-
" able income or net energy expenditures. Distribution of
energy expenditures by disposable ‘income provides a
major welfare criteria for policy analysis.

4

(5) Appliance Ownership and Heating Fuel Choice.
Changes in appliance ownership fractions and in fuel
choices can be selected outside the model to reflect the
effect of conservation policies, technological change,
and relative fuel and equipment prices. These can be
stochastically imputed to new or existing househnlds
according . to specitied income, housing type, and regional
and other characteristics and the results used as inputs
to the energy expenditure calculations. '

-(6) ‘Specifically Targeted Conservation Programs.
The high degree of disaggregation of MATH/CHRDS permits
analysis of conservation programs or policies targeted
to specific subgroups of the household population [e.g.,
~retrofit of existing single-family residential buildings
heated with fuel o0il in the Northeast; or for conservation
action taken for low-income households (weatherization)].
As currently structured, the model cannot address the
conservation behavior of these subgroups. 1t can,
however, stochastically attribute distributional detail
for the exogenously projected average conservation
response. or actions expected for the subgroups.

b. Limitations to. Current MATH/CHRDS Analysis. The
current version of MATH/CHRDS is applicable for analysis of a
broad range of energy conservation programs and policies, as
discussed above. Its applicability, however, is lessened by
various data and structural limitations. Several of these
are listed below together with possible corrections or modifi-
cations. 4 - : '

(1) Explicitly Modeled Behavioral Effects. The

- present model structure depends heavily on exogenous
projections of major variables which affect energy
expenditure decisions. These include long-run adjustments,

- appliance efficiency, building thermal efficiency, fuels
choice, and housing and appliance retrofit investments.
There is value for policy analysis in having the analyst
control the existence and extent of the interaction of
various policies with individual behavior, but the
potential complexity of these interactions and ‘the level
of MATH/CHRDS disaggregation argue against this as a
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normal procedure, particularly where there is such a

wide degree of potential long-run responses. Modifica-
tion of the model to account for this would require
detailed microanalytic estimates, but even estimates at

a more aggregate level by income or housing type would
assist in quantifying long-run adjustments in efficiencies
and fuel to, for instance, price changes.

(2) Indirect Effects. The analysis in the MATH/CHRDS
model is limited to the direct effects of energy policies
on energy use. The model neglects changes in energy use
which affect other energy and nonenergy-related consump-

- tion and income, and which in turn could affect further
houiegold energy expenditures. These indirect effects
include:

(a) Long-run changes in efficiencies, fuels,
. and appliances as indicated in (1) above

(b) Trade-offs between services of energy
appliances .versus other goods and services
and income in the home

(c) Changes in the prices or availability of
' nonenergy goods and services due to the
energy inputs embodled in these

(d) Changes in household incomes and earnings
' due to energy-related purchases and
employment.

Modlflcatlons to incorporate more of these
effects are presently underway through EIA. A full
~accounting of these, however, requires a more detailed

"specification of all household consumption, not just
energy-related services.

(3) Energy Expenditure Equations. The expenditure
equations for each of the five fuels have not been
strong predictors of energy use on a state-by-state
basis. Errors are due to differences in data sources,
definitions, sampling and reporting errors, problems in
. updating data for or imputing other estimates to variables
- of the expenditure equations, and weak specification of
the equations. Some of this has been corrected in the
1975 data file by using more recently available surveys.
Use of the National Interim Energy Consumption Survey
(NIECS) may alleviate some of the data problems.

(4) Elasticity Estimates. The model explicitly
represents only the short-run responses to changing
incomes and prices. Long-run effects were addressed in
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(1) above. The price elast1c1t1es also do not vary by
income group. There now exist more disaggregated data
with which to approximate these effects.

(5) Heating Fuels. Heating fuels choice is presently
modeled as a function of observed housing trends and
fuel conversions. This should be explicitly a function
of at least relative fuel prices. Estimates for these
on the aggregate level exist from Oak Ridge National
Laboratories, or these could be reestimated specific to
the model's purpose.

(6) Ownership and Use of Appliances. - Average
ownership rates are projected independently by the MATH/
CHRDS analyst, and ownership for individual households
imputed to conform to these rates. Similar to the
analysis of heating fuels choice discussed above, appliance
ownership should be the result of ¢changes in income,
prices, and other variables. Estimates are limited by
data availability, but average cross-sectional data on
ownership by various variables are available from NIECS.

(7) Bu11d1ng and Appliance Energy EfflClency De-
"cisions. These are exogenous inputs for
MATH/CHRDS. Analytical foundations for such choice at
the household level are still under investigation, but
MATH/CHRDS is very well suited to take advantage of this
1n£orm§t10n when the data and research become more
refine

(8) Ana1y31s of Renters and Master Metering.
Initially MATH/CHRDS data for energy expenditures for
renters were upward-biased by overreporting from renters
that paid their own bills, and the estimates of energy
expenditures for master-metered apartments were badly in
error. Subsequent: corrections in the 1975 data file
have reduced these errors, but the model would still
benefit from more updated benchmark data and estimates’
of renter behavior. NIECS will provide much of this on
a cross-sectional ba51s

(9) Statlstlcal Limits on Disaggregation. MATH/CHRDS
disaggregation 1s limited, as might be expected, by the
size of the statistical sample for individual cells at
the more disaggregated levels. This is particularly
true for geographical information at the state level or-
below for specific combinations of household characteris-
tics.. Many of these gaps can be f111ed in with new
Census level sampllng

(10) Updated Data and Files. MATH/CHRDS derives
primarily from the 1970 Census Public Use Sample. This
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is now projected and calibrated to 1975. More recent
updates are important, particularly given the 1970

basis. Data from NIECS will be particularly valuable

for this, both to provide behavioral data for calibration
and to suggest changes in the basic distributions of ,
fuels, housing types, appliances, efficiencies, household
characteristics, .and. location.

" B. The MATH/CHRDS Model Structure

1. Overview -of the Model Structure

The MATH/CHRDS model uses a micro simulation approach to
project a sample household survey by updating the demographic,
socioeconomic, and energy-related household characteristics.
Household energy expenditures vary as a function of energy
prices, incomes, housing and energy-using appliance stocks,
fuel choices, and energy. efficiencies of appliances and
structures. Distributional impacts of theése variables can
then be calculated for various conservation policy scenarios.
Policy parameters include energy taxes, technological improve-
ments in appliance efficiencies, thermal standards for struc-
tures, tax rebates and purchase credits, energy prices, and
various changes in operational or behavioral energy-use
characteristics.

The basic structure of the model derives from hierarchical
micro data files on households which are assembled from
merged base-year survey information on energy use, and on
demographic, economic, and energy-related characteristics of
individual households. These demographic, economic, and
energy-related variables . are then projected to provide elements
of synthetic household survey records, as if obtained from a
new (future) survey. Specific energy-using characteristics
of each household are also. updated to reflect exogenously
determined aggregate national and regional changes in fuels
use, appliance ownership and efficiency, and housing type, .
age, and location. Each household's energy expenditures for
fuels can then be calculated from econometrically estimated
parameters applied to -such updated "survey" variables as
cooking fuels, space- and water-heating fuels, number of
rooms, type of structure, household size, appliance ownership,
family income, price of fuel, and urban/rural location of the
household. ‘ : . - '

- Figure II-1 provides a simplified flow chart of the
MA{H/CHRDS model. The major elements of this are outlined
below. ‘
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a. Basic Data File and Data Base. MATH/CHRDS begins
with the basic data file, a special subsample of 150,000
households from the 5 percent Public Use Sample of the 1970
Census of Population and Housing. This provides detailed
information on demographic, socioeconomic, housing, fuel, ‘and
appliance characteristics of the households. The data are
adjusted to impute energy expenditure information for renters
and owners who did not report energy consumption information
(including most importantly renters who do not pay their
utilities separately). Imputation was by multiple c1a551fi-
cation analysis developed for a 1/1000 Public Use Sample
Transportation-related data from other surveys were ag
merged into the MATH/CHRDS. tlle via a statistical matchlng :
technique.

Thet original MAIH/CHRDS Data .Base was a 1974 syn-
‘thetic data base created by updating techniques on the basic
1970 MATH/CHRDS basc. file. Changes to develop this base and
subsequent projections from the 1974 base are explained
further in the discussions below. More recently an update to
a 1975 data base was undertaken. This is discussed in Sub-
section 3 below. A 1977 file is completed but is not in use.
A 1978 to 1979 file is contemplated for late 1980.

b. Demographic and Economic Aging of Data File.

" Probabilities for individual household demographic changes by
age, race, sex, and location are distributed across the
MATH/CHRDS file in a manner that develops the new demographic
structure approximately equal to control totals from Bureau
of Census population projections. ‘ -

Similarly, changes in econowmic characteristics of
individuals within the data file are also determined exogen-
ously for 14 sources of income both by economy-wide employ-
ment-unemployment changes and by modifications to earnings
trends. Taxes and transfers are then calculated based on
dependents, parameters of the tax system, eligibility require-
ments, and, p0331b1y, energy tax policies and credits.

c. Hou51ng Stock and Fuels Use. The structure of the
future housing stock is simulated to reflect exogenous macro-
economic housing forecasts of age and type of structure.
Within the file, however, the relative position of residents
with respect to age of their houses is held the same by
varying randomly selected houses.

Changes in space- and water-heating fuels use for
new and existing homes are assigned exogenously from Annual
Housing Survey, Census Bureau Surveys of new construction and
trends in home-heating fuel conversions. These changes are
made for randomly selected households in the sample.
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d. Appllance Ownership. Ownershlp rates are by income
class for nine major appliances. These rates are exogenously
specified and changes are randomly selected for households to
conform to these specified rates.

e. Energy Expenditures. Home fuel expenditures for
each MATH/CHRDS household are imputed from the updated demo-
graphic, socioeconomic, housing, and appliance character-
istics of the households. Estimates are from an econometric
‘analysis of the 1970 Census for each of five home fuels as a
function of cooking fuel, space- and water-heating fuels,
number of rooms, type of structure, household size, appliance
ownership, family income, fuel source, and location.

f. Energy Efficiency Improvements. Adjustments are v
made to the imputed energy usage to reflect changes in appli-
ance and structure energy efficiencies. The imputed energy
consumption is' first allocated to functional end uses (e.g.,
amount of fuel o0il for home heating) so that efficiency
changes can be directed to the specific energy use. Insula-
tion, storm windows and doors, cooking, water heating, space
heating, air conditioning, washing, drying, television,
refrigeration, and lighting are differentiated by fuel use
and by age of house, type of structure, and region. Changes
in efficiencies are then stlpulated according to policy
targets or exogenous projections..

g. Income and Price Elasticity of Fuels Use. The
model assumes that the long-run responses of fuels demands to
income -and prices are incorporated in the earlier specified
changes in housing stocks and appliances in the projected
fuel choices, and in the intensity with which these are used
by households. Short-run income and price elasticities for
each of the five fuels, however, can be further specified by.
income group, location, and other demographic variables.

h. Taxes, Transfers, Energy Rebates, and Disposable
-Income. .The levels of energy expeditures can
affect final disposable income of households depending on
various energy-related taxes, rebates, or subsidies. A final
step is to allocate these adjustments according to energy
expenditures and income level characteristics so that the net
distributional effects can be evaluated.

i. Calibration with Other Projections. Since MATH/
CHRDS is often used with or driven by inputs from other
energy forecast models (such as EIA's Midterm Energy Forecast
System (MEFS) and the Macro Level ORNL Residential Energy
Demand Model embedded in MEFS), this step permits calibration
of the total energy consumptlon with these more aggregate
national or regional prOJectlons
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2. The Analytical Techniques of the Simulation Model.
These techniques include: '

(a) Introduction of stochastic factors to represent the
. random changes in individual. behavior

(b) Systematlc adjustment of randomly selected files to

: represent exogenous changes in demographic or
economic conditions, or in housing stocks and
appliance ownership

‘(¢) Econometrically estimated’ procedures for 1mput1ng
home fuel expenditures

(d) Markov-Chaln stochastic processes to represent
" transitions in household statis, e.g., employment
and earnings changes.
’ {

3. 1975 MATH/CHRDS Data Base ’-

The 1975 Data Base is the most recent data file avail-
able for MATH/CHRDS projections. This 1975 update was under-
taken in part to assist development of a 1975 End Use Consump-
tion Data Base (ECDB)*.  Although the resulting ECDB was
primarily an aggregation from the MATH/CHRDS file, it also
required usage and expenditure by fuel and functional end
uses that necessitated augmenting of the original Data Base.

The 1975 MATH/CHRDS. file is essentially the demographi-
cally and economically aged 1974 Data Base adjusted for 1975
demographic, income, equipment, and housing stock data and
for energy use characteristics. For this purpose, extensive
use was made of the 1975 Annual Housing Survey. The data
file was augmented with additional energy-related character-
istics, using the 1975 Annual Housing Survey and the 1975
Washington Center for Metropolitan Studiés Lifestyles and
Energy Survey. These included:

(a) Air'conditioning
(b) 1nsu1ation‘.

(c) Storm windows
(d)"Storm doors

(e) Black and white“vs. color television.

*See Section F of Major Models and Data Sources for Residen-
tial and Commercial Sector Energ Conservation AnaZyszs for
a summary description of the 1975 ECDB.
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: 1975 usage and expendlture were then 1mputed for each
fuel using 1975 gas prices, weather data, and distributional
demographic and_ income information. The resulting data base
was then callbrated agalnst industry control data.

" The 1975 Data Base is in current use- for EIA micro
distributional analysis and for further projections and '
“analysis from MATH/CHRDS (e.g., for the 197 and 1979 Annual
Report to Congress of EIA). .

An excellent descrlptlon of the 1975 updated Data Base
is given in "Residential Energy Consumption by Functional End
Use in 1975" (Jill King, 1979§

4, Sources of Data

The 5 percent State Public Use Sample of the 1970 Census
- on Population and Housing provides the special subsample of
over 150,000 households for the basic MATH/CHRDS data file.
.This is augmented with energy data estimates from the 1/1000
Public Use Sample of the Census; the Consumer Expenditure
Survey Series: Interview Survey, 1972, 1973 of the Bureau of
Labor Statistics; the Washington Center for Metropolitan
Studies (WCMS) Lifestyles and Energy Use Survey (1975); and
the Annual Surveys of Housing of 1973, 1974, and 1975. 1975
appliance ownership and fuel characteristics are taken from
WCMS and the Annual Survey of Housing. Imputation equations
for fuel usage and expenditures were estimated from WCMS and
the 1970 Census of Population and Housing data using deter-
minants such as family size, size and type of dwelling,
income and employment, appliance. ownership, climate, housing
characteristics, and energy prices. Data for fuel prices and
sales by state are taken from the American. Gas Association,
the Edison Electric Institute, and the Bureau of Mines. The
1976 Survey of Income and Education provides updated data on
employment and -income for households in the data file.

5. Inputs

The MATH/CHRDS model has been initialized with a 1975
synthetic benchmark Data Base, which is itself an updated and
modified version of the 1974 Data Base developed from the
1970 Census Public Use Sample and other Census Bureau publi-
cations. . The 1975 updated Data Base rests heavily on adjust-
ments from the.1975 Annual Housing Survey and the 1975 Washing-
ton Center for Metropolitan Studies Lifestyles and Energy
Survey. Inputs to a model simulation are thus basically the
updating and aging parameters for projecting the demographic
and socioeconomic characteristics, the energy price scenarios
for future years, appliance ownership rates, and housing
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start forecasts. Specifics of these are indicated below with
potential input ‘data sources.*

(a) Demographic - Census Bureau pfojectidn of popula-
- tion by age, race, and sex; Census Series B house-
hold prOJectlons -

{b) Unemployment Rate Adjustment - PrOJected unemploy-
ment and labor force from appropriate Data Re--
‘sources, Inc., (DRI) forecasts.

(c) Income adjustment - Income growth rates by source
of income over simulation period, from DRI.

(d) Tax Payments - PrOJected ‘tax tables and payroll tax
parameters for simulation years.

(e) Trausfer Program Incoime = Eligibility standards and
benefit levels by state and by program.

(f) Housing Stock Adjustments - DRI forecasts of housing
starts and demolition rates; historical housing
stocks by age from the 1975 U.S. Statistical Abstracts;
fuel distribution for new and existing homes from
the Annual Housing Survey.

(g) Appliance Ownership - Data computed by user.

(h) Energy Expenditures and Prices by Fuel, by State,
or Region - For historical price data, American Gas
Association, 1970 Gas Facts and other relevant
years; Edison Electric Institute. For projected
prices, DOE, Mid Term Energy Forecasting System
(MEFS) projections, or other projection series,

(i) Elasticity Adjustment - Short-run price and income
elasticities of demand supplied by user. Percent
price changes over simulation period from MEFS.

Additional inputs are necessary for the transportation
submodel.

6. Outputs

The output of the MATH/CHRDS model provides a simulated
survey data file representing the effects on each household
of proposed energy and energy-related changes. The output

Klng, JiII. The Distributional Impact of Enerqy Policies:
Development and Application of the Phase I Comprehensive
Human Resource Data System. Mathematica Policy Research,
Inc., June 1977.
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file will contain the same variables as the input file, but
updated and adjusted for. demographic, socioeconomic, housing,
and appliance projections and modified to reflect imputations
of energy fuels expenditures. Excluding the transportatlon
varlables, these changes for each simulation year’ include:*

(a) Demographlc —,Populatlon eharacterlstlcs are altered
©  to match control totals and to reflect changing
demogrephic structure by age, sex, race, and location.

(b) Economlc - Work experlehce variables and 14 basic
: "types of income are adjusted to reflect changed
condltlons .

(c) Housing Stock AdJustment - Age distribution of
: housing stock, type of space heating, and water
heating fuel are modified for each 10 housing

types.

(d) Appliance Ownership - Ownership of nine appliances
for each household is modified.

(e) Energy Expendltures - Annual household'expendltures
on electricity, natural gas, bottled gas, fuel oil,
and coal are "updated."

(f) .Elast1c1ty Adgustment - Elast1c1ty adJustments are
. made for home fuel expenditures.

Further descrlptlon of spe01f1c output and results can:
be found in "Residential Energy Consumption by Functional End
Use in 1975" (Jill King, 1979) and in EIA's Annual Report
to Congress; 1978, Volume4Three. .

C. Appllcatlons and Exten51ons of MATH/CHRDS for
Re51dent1a1 Energy Conservatlon Pollcy Analy51s

The MATH/CHRDS model can 51mulate, at the household .
level, the distributed impacts of proposed household energy
conservation policy and present these as a synthetic sample
survey showing the effects on each household of the energy
changes. The major impact variables are the distribution of
household energy expenditures and fuels use as these are

*Brazzel, M., J. Hewlett, E. Reiser, and A. Silver, "A Distri-~
bution Analyszs of the 1985 Energy Projections for the Annual
Report to Congress of the Energy Information Administration,”
Ana]gils Memorandum AM/IA/78 09 (EIAC-DOE/EIA-0102/25), .
June 1978.
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. affected by changes in energy pricing in combination with

changes in appliance efficiency levels, energy use patterns,
and household demographic and socioeconomic characteristics.
Household incomes may also be changed by the effect of energy
tax rebates, subsidies, and transfers. For a given simulation,
the resulting distribution of energy consumption can be
compared across regional, socioeconomic, and income groupings.
Changes in disposable income, energy consumption, and energy
expenditures for these groupings can be assessed by comparing
simulation runs with different assumptions about energy

- conservation policies. The discussion below details the

relevant energy policy variables in the model and the issue
and program areas to which they apply. (The Appendix to this
report provides a discussion and partial listing to the DOE
buildings energy conservation goal objectives and programs).
Limitation of the existing model for policy analysis and
suggestions for modifications or extensions to go beyond
these are incorporated .into the discussion of potential
policy applications.

1. Policy Variables

- The major energy conservation policy variables and
parimgters which can be applied to MATH/CHRDS simulations
include: o

(a) Regional- or state-level prices for the five home
fuels: electricity, piped natural gas, bottled or
LP gas, fuel oil, and coal. For the transportation
sector the price of gasoline is also included.
These are the primary policy variables of CHRDS.

(b) Changes in energy efficiencies of homes and appli-
" ances. There 1s, however, no present mechanism to
endogenously simulate this behavior, although the
model structure, with some modifications, is appro-
priate for this since individual households are
identified by housing structure, age of house,
income, and types of appliances.

(¢) Probabilities of increased space heating fuel
efficiencies due to increased use of insulation by
type. - ’

(d) Aggregate probability distributons for the existence
of housing structures, home and water heating
equipment, fuel switching, and. cooking fuels.

These would be entered as "net effect" policy
variables to the extent that other more direct
conservation programs and policies are estimated
(through other models) to affect these distributions.
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(e) .Aggregate distribution by income, class of appliance
‘ownership, and fuel usage for major applances:
clothes dryers, automatic washing machines, wringer
washing machines, food freezers, dishwashers, and
televisions. Air conditioner ownership has also
been added. Again, these would be entered as '"net
effects" policy variables to the extent that other
more direct conservation p011C1es are estlmated to
affect these distributions.

. (f) Changes in energy-related subsidies, taxes, rebates,
' tax deductions, and overall tax rates.

2. Applications to Household Energy Conservatlon Issues and
Program Areas .

The MATH/CHRDS model although a demand model in structure,
is currently used pr1mar11y to simulate the distributional
effects of various demand scenarios that are basically developed
outside the model. Further examination of this, the limitations
“this places on policy analysis, and the modifications that
could lessen these are given in Subsection 3 below.

The model nevertheless can play a very important role in
energy conservation policy analysis by providing the major
analytical tool to translate the energy demand scenarios into
distributional impacts at the household level. By permitting
the decision maker to assess the impacts of energy conservation
~policies on a household ba51s, the MATH/CHRDS structure
forces the planner to examine a consistent set of fuel uses
and expenditure characteristics for a large number of directly
redistributive federal tax and transfer programs and indirect
and potentially redistributive programs for energy pricing,
energy efficiency, fuels choice and appllance ownershlp

Distributional 1mpacts ‘means the effects presented in
the model by a large number of stratifications of the household
characteristics -- disposable income, age of head, poverty
status, family size, geographic strata, housing type, employment,
etc. -- by each fuel type'used in the house. as well as by
total energy expenditures. ' In general, the most important
and frequently requested analysis looks at regional, demographic,
and income characteristics in terms of fuel consumption and
expenditures and percentages of disposable income spent on
those home fuels. The distributional effects of conservation
policies are evidenced by comparing base case scenarios w1th
those having altered pollcy variables.

Conservation issues and programs that are addressed with
the current model include: :
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a. Energy Price, Changes. These enter the model directly
in two places. '

(1) Energy Expenditure Equations. In the model
fuel prices are a factor in the energy expenditure
equations that estimate purchase of five different fuels
used in the homes -- electricity, piped and bottled gas,
fuel 0il, and coal. These expenditures are selected
from econometrically estimated equations as a function
of the fuel price, the particular use of the fuel, the
size and type of dwelling, family size, climate, income)
and available appliances. The energy expenditures are
then imputed to each household based on the individual
housing demographic and socioeconomic characteristics.

(2) Short-Run Operational Effects. Short-run
effects of fucl price changes arc modecled as variations
in the intensity of energy ucge of household equipment.
This adjustment to prices is estimated using short-run
elasticities of the demand for energy. Since the MATH/
CHRDS model is used primarily with the EIA Midterm ,
Energy Forecasting System (MEFS), these elasticities are
generally chosen to be consistent with those used in the
MEFS residential submodels.*

Long-run changes in energy usage due to price
changes are not explicitly modeled in MATH/CHRDS. These
are assumed to be reflected in changes in types of
structure, home and water heating fuels, appliance
ownership, and energy efficiency of the structure and -
apgliances that are given from projection outside the
model.

b. New Building and Appliance Energy Efficiency Levels.
Changes in appliance efficiency Ievels and building thermal
integrity can be accounted for in the model by changing the
efficiencies of new and replacement appliances and the building
materials and construction standards of new and replacement
homes. For a model simulation, new homes can have new, more
efficient appliances and improved insulation, where new homes
- are derived from exogenous projection of the residential
housing stock. Lower energy requirements from better thermal
performance are treated as a decrease in energy requirements
for both space heating and water heating. These are varied
by region, type of housing structure, and age of housing.
Retirement and replacement are estimated from proportions of
the stock purchased in earlier years. The proportions of the

*See the discussion in Chapter I of this report of the elas-
ticities used in the ORNL Residential Energy Model that are
candidates for these short-run elasticities. The ORNL model
is also the Structural Residential Energy Model of the MEFS'
Regional Demand Forecasting System (RDFOR).
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stock replaced are used as the probabilities for stochastically
selecting households who retire and replace their appliances
with more efficient ones. The replacement of appliances can
‘be incorporated from exogenously estimated sales for each
income class. , :

c.- Retrofit of Existing Buildings. Exogenous projec-
tions of the number of homeowners undertaking measures such
as wall insulation, ceiling insulation, caulking of windows,
and installation of storm windows and doors can be used to
estimate the proportion of houses of each building type by-
fuel type that have potential for retrofit actions. The
proportion in each category can then be used as probabilities
for stochastically selecting households to undertake retrofit
actions. " For these, heating and cooling energy requirements
can be reduced by the average efficiency change estimated for
each category. o ‘ ‘ -

d. Tax Crédits, and Rebates for Energy Efficiency Mea-
sures. New purchases. and retrofits such as discussed

in b and ¢ above can have taxes, tax credits, and rebates
associated with them. The model does not use these incentives
directly to calculate the numbers of potential conservation
responses. These must be calculated outside the model based
‘on estimates of the resulting energy savings, the price of
the heating fuel, and estimates of the number of homes "in
need."* However, once the conservation actions have been
stochastically distributed to the households by housing,
fuel, and (if data are available) income characteristics,

then the model can use these to estimate -- specific to the
selected households' characteristics (income, dependents,
deductions, etc.) -- the appropriate tax credit or rebate,

and the net change in disposable income.

e. Heating Fuel Choice. The choice of heating fuels
for new homes- and conversions of heating fuels in older homes
are generally extrapolated outside the model from the fuel
fractions in new homes built or existing in the historical
period. The 1974 MATH/CHRDS data file used the Annual Housing
Survey observations. By comparing the projected distribution
of heating fuel with those in the base year, probabilities
can be calculated to stochastically select houses in the
model to change heating fuels for the projected year synthetic
data file. These projections are by age of the house and by
region. The MATH/CHRDS analyst can select changes in fuel
choice for these projections that better reflect the effects
of conservation policies on other outside influences such as
fuel availability or changes in relative fuel prices.

*Ring, Jill. The Distributional Impact of Enerqy Policies:
Development and Application of the Phase I Comprehensive
Human Resources Data System, Mathematica Policy Researcah,
Inc., June 1977, p. E-10.
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f. Appliance Ownership. Similarly, appliance ownership
rates can be specified by income class, and ownership imputed
to new or existing households to conform to these exogenously
determined rates. The choice of the ownership rates can also-
reflect the effect of conservation policies.

. Spe01f1cally Targeted Conservation Programs.
MATH/CHRDS provides a high degree of disaggregation of house-
holds -- for example, by 10 DOE regions (actually to state
and county level, though not with statistical validity for
many variables); by nine building types; by building age,
structure, ownershlp, and metering characterlstlcs, by house-
hold age, race, sex, and family size; by 14 income groups,
and by five fuels. This permits anaiy51s of conservation
programs or policies targeted to specific subgroups of the
household population. These might include, for instance,
retrofit or new building standards for tenant-occupied resi-
dential buildings, retrofit of existing residential buildings
heated with fuel 0il, and retrofit of existing buildings
owned and/or occupled by low-income households (weatherization).
Though the model as currently available cannot address the
conservation behavior of these subgroups, it can stochasti-
cally attribute the exogenously projected conservation changes
to these subgroups so that the additional distributional
detail of the data files can be linked to the target subgroups.
Thus, the distributional aspects of broad-based weatherization
grants to low-income households can be examined in terms of,
for instance, regional and racial distribution, the change in
energy expenditure as a proportion of disposable income, etc.
Or if planners thinks one subgroup is more sensitive to a
specific residential energy conservation information or to an
audit program, then the model can indicate how that group is
distributed across socioeconomic, demographic, geographic,
and energy use characteristics and deplct the hypothesized
changes in energy use.

3. Extending MATH/CHRDS for Energy Conservation Analysis

" The current version of MATH/CHRDS, although applicable
for dlsaggregated analysis of a broad range of energy conserva-
tion programs, is.restricted in its applicability and precision
by various data and structural limitations. These are discussed
below and, where possible, modifications or extensions of
these are suggested.

a. Major Issues. There are two interrelated areas of
the model which restrict its usefulness as a tool for analyzing
residential energy conservatlon policies. These are:

(1) The heavy dependence on exogenous projection
of important variables determlnlng energy
consumptlon
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" (2) The lack of analysis of the indirect effects
. of energy expenditure as they feed back into
energy-related ch01ces

(1) Dependence on Exogenous Projections. The
present structure depends heavily on exogenous projec-
tions -of major variables which are themselves integral
to the. energy use decisions. Changes in appliance
efficiency, building thermal efficiencies, fuels choice,
and appliance and housing retrofit decisions are essen-
tially all based on exogenously determined rates. As a
result, these may not reflect changing fuel prices,
capital cost, and energy savings incentives faced by the
household over the projection period. The choice of
heating fuels is determined endogenously in the model by
trend data on new housing and replacement heating systems;
it is not a function of price. The model response to
price and income changes is reflected primarily in the
short-run price elasticities. Long-run responses which
should be found in changes in the fuels used and the
stock of energy-using equipment are captured only insofar
as the MATH/CHRDS analyst can foresee these in the
exogenous forecasts. This may be due in part to the
fact that the MATH and earlier TRIM system were originally-
designed, and still best suited, for short-run distribu-
tional analyses where the basic composition of the stock

- does not change significantly. As a result, for many
~aspects of the longer run analysis, the model ‘in effect

mechanically transfers (statistically imputes) given
inputs ‘and macro forecasts to the disaggregated household
sector. While this disaggregation and the related
statistical distribution of the effects can itself be
valuable for policy analysis, the lack of a behavioral
structure (except for those in the energy expenditure
equations) does not encourage the analyst to take advan-
tage of the richness of the individual household informa-
tion in assessing the impacts of energy-related decisions.

Further discussions of appliance and housing
efficiency, fuel choice, and the energy expenditure
equations are included in b. below together W1th possible
modifications. .

(2) " Lack of Indlrect Effects. The ana1y51s in the
MATH/CHRDS model is limited to the direct ‘effect of
energy policies on energy use. Thus, the model neglects
changes in energy use which should affect other energy
and nonenergy-related consumption and investments and
also the income levels of individuals. These in turn
could affect further energy purchase decisions. There
are three related effects: Efficiency levels, fuel

~ choice, and appliance purchases should be related to
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their relevant energy costs and savings, as these are
affected by relative prices of fuels and previous purchases
and conservation decisions. To some extent this deficiency
" is discussed in (1) above. Rising energy expenditures
should .involve trade-offs with other goods and services
that the household needs. Changes in energy-related
taxes and incentives and transfers likewise should
affect energy- and nonenergy-related decisions. Changes
in energy conservation, prices, and availability of ‘
energy resources affect the prices of other goods and
services which do not directly consume energy in the
household, but which involved energy inputs earlier in
their productlon (e.g., energy inputs embodied in agricul-
tural products). Likewise, employment and incomes can
be affected for those directly or indirectly involved in
the production processes. Together these could play a
" major role in the choice and levels of household energy
usc. The nct result of excluding analysis of these can
lead to both incorrect projection of levels of energy
expenditures and to altered. distribution of the effects
across individual households which are differentially
affected by. the feedbacks.

Modlflcatlons of - the model to 1ncorporate
‘these effects are in fact presently underway at EIA and
Mathematica Policy Research, Inc. Their approach is to
develop a revised model that treats jointly the energy
and non-energy goods decisions and to look at the direct
and indirect effects of these in an input-output frame-
work. .This requires large amounts of data, some of
which are available from other micro simulation surveys
of consumer choice;* and some of which are embedded in
further analysis of Census and expenditure survey tapes
and some of which involves further development and
~adaptation of energy coeff1c1ents in national input-output
analyses.

It is also p0551b1e to partially adjust the
model to incorporate these feedbacks by developing
procedures where the MATH/CHRDS analyst iteratively
alters selected inputs where evidence from other modeling
experience (e.g., per ORNL models) suggests likely
1nteract10ns

b. Addltlonal Areas. -Additional areas where the model
might be improved include the following: '

(1). Energy Expenditure Equations. The results'of
the energy expenditure equation are often found to be J

¥See, for instance, Orcutt, Guy, et al., Policy Exploration
through Microanalytic Simulation, The Urban Institute, 1976.
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weak and based on outdated information. Determinants of
energy expenditure for each of five fuels were estimated
from linear equations. The original FEA version of the

- model developed for the 1974 Data File used the Public
.Use sample of the 1970 Census for observations on individ-
ual households. This analysis identified as major
determinants the reported use of each particular fuel,
the size and type of dwelling, size of family, appllances,
family income, fuel prices, location, and climate. A
reestimate of these-for electricity and piped gas was
developed for the 1975 MATH/CHRDS file using the more
detailed but smaller sample from Washington Center for
Metropolltan Studies energy use survey %WCMS) The WCMS
information permitted additional analysis on building
thermal integrity and a wider range of family character-
istics, as well as providing more up-to-date information.

The equations that were estimated, however,

are not strong predictors of energy use. This .can be
seﬁn in terms of the low multiple correlation coefficients

of 0.72 for electricity, 0.43 for piped gas, and
0 34 for fuel o0il and bottled gas for the 1975 estimates.*
Though the elasticity and natural gas estimates from the
later WCMS data are somewhat. better, all of the equations
leave a large portion of the energy expenditures unexplained.
This is further confirmed by the levels of "calibration"
factors used to adjust estimated MATH/CHRDS usage to the
published average usage given by Edison Electric Institute,
the American Gas Association, and the Bureau of Mines.
On a state-by-state basis, these required an average 10
to 20 percent adjustment for electricity and piped gas;
many of the factors were over 50 percent in the more
difficult-to-measure usage of fue1011 kerosene, and
bottled gas.

. Errors in the model are due to a varlety of
problems: differences in data source definitions,
different sampllng and reporting errors, difficulties in
updating and imputation to the later files, as well as
weak specification of the expenditure equations. It
would appear, though, that use of more recent and detailed

- data where available would alleviate much of the problem
with the energy expenditure -equations. The National
Interim Energy Consumption Survey (NIECS) from the
-winter of 1978-1979 could be used to provide a broader
and more detalled nat10na1 sample than the WCMS or the
Census data.#** A

Klng, J1II. "Residential Energy Consumptlon by Functlonal End
Use in 1975,” November 1979, p. 34.

‘ **See Hittman Associates,. Inc., Section E, ""NIECS,” of Major
Models and Data Sources for Residential and Commercial Sec-
tor Enerqgy Conservatzon Analysis for a summary dlscusszon of
NIECS.
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As indicated in a.l and 2 above, the model
does not necessarily reflect household energy-related
responses in fuel and appliance choices, and in housing
and appliance efficiency levels, nor does it provide
feedback from energy exenditures to energy- and nonenergy-
related consumption and income. Reestimation of the
expenditure equations alone, therefore, will not fully
correct the energy expenditure estimates.

(2) Elasticity Estimates. As: discussed earlier
(in subsection Blg and C3), the model exp11c1tly represents
only the short-run response to changing incomes and
prices; long-run responses should also be incorporated:
in appliance, fuel choice, and efficiency decisions.
The model also assumes as appropriate for the short run
Zero cross price elasticity, (or unresponsiveness of use
of one fuel to changes in the prices of other fuels.)
The actual price elasticities are taken from short-run
aggregate iresidential-sector price elasticities used in
EIA forecasts. The model does not, however,; vary the
price elasticities by income group (there is included an
income elasticity, but price elasticity in the model
does not. itself vary by income). There is reasonable
theoretical and empirical evidence 1nd1cat1ng that the
price elasticity should vary by income level.* For the
original MATH/CHRDS model, there were insufficient data
to estimate these effects, but cross-sectional data
. should now be available from NIECS, as well as from
various ut111ty sponsored re51dent1al consumption surveys*¥,
The model is easily modified should these income-related
price elastlcltles be estimated.

(3) Projection of Héating Fuels. The choice of
new heating fuels is based on continuation of observed
trends in housing starts and conversions in existing
homes, rather than behavioral wvariables. [The prnJecfed
total fuel use proportions are, of course, altered in
the model by the conservation policies which directly
effect consumption of each fuel as well as the differen-
tial effect of this across socioeconomic groups. This
is, however, different than the fuel choice (or switching)
decision.] Principal among the omitted variables are
the relative fuel prices. Changes in, for instance, the
relative price of 0il to electricity will affect the
fuel choice for new homes and for conversions.

*For example, the results of Jerry Hausman, "Individual
Discount Rates and the Purchase and Utilization of Energy-
Using Durables’” indicate that consumers evaluate fuels and
energy equipment costs differently depending on income level.

**For example, Bonneville Power Administration’s '"Pacific
Northwest Residential Energy Survey, 1980."
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. Other studles exist which develop various aggregate
econometric estimates of responsiveness of %uel market
shares to changes in own and competing fuel prices.* To
allocate these aggregate estimates to. different income
groups, housing types, and regions, the model -could
continue to use as a first approximation, the existing

' proportlons, alternatively, market shares estlmates by
income and. reglon could be used.**

(4) Ownershlp and Use of Appliances. Other than

specifying growth trends of appliance ownership by
income class, the MATH/CHRDS structure does not explicitly
model ownership and use of appliances as they vary with
income. Ideally, changes in individual ownershlp patterns
should be the result of changes in income, prices, and
other variables; instead average ownership rates for
each appliance are projected independently by the MATH/CHRDS -
analyst, and ownership then imputed to conform to ‘these
rates. While this "adjustment to trends" procedure is
also used for more aggregated residential energy demand
models, lack of behavioral -analysis in the micro simulation
context loses much of the benefit of the micro detail;
individual choice of energy-using'appliance follows
rather than leads the aggregate averages. At the present,
‘however, use of such analytical methods to alter or
modify this approach are limited by data; much of the

- data is not available for a product’ purchase pattern by

" income and relevant demographic/ economic information.#
Data from the Midwest Research Institute (MRI) appliance
use survey and from NIECS can provide cross-sectional
information on appliance ownership, income, housing, and
household characteristics which could suggest up-to-date
appliance ownership behavior, though these would not
iatlify the full specification requirements at the micro

- leve . :

- Analysis of appliance. use behavior by income
is similarly lacking in the model. 1In this case, the"
data are very sparse, with major sources consisting of
metering surveys such as that by MRI Wthh had less than
60 sample points.

*See, for example, the fuels market’shares estimates in Lin,
Hirst, and Cohn. Fuel Choices in the Housebold Sector,
ORNL/CON3. October 1976.

**The Lin, Hirst, and Cohn estimates 1nc1ude an Income variable.
They have been reestimated by DOE regions in Sakalosky and
Muttardy, State Residential Energy Demand MNodel, Version V;

f L TetraTech; Inc., April 1979.

#See U.S. Department of Energy, Energy Effzczency Standard
for Consumer Products, Technical Support Document No. ¢€,
DOE/CS~ 0169 June 1970, pp 5-55 to 5-63.
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(5) Buildings and Appliances Efficiency Decisions.

Both fuel choice and appliance and structure energy
efficiency choices should at least in part be the product
of the consumers' comparison of the initial conservation
investment costs to the resulting fuel savings. This-
decision process is not modeled in MATH/CHRDS. The
analytical -methods to develop this are in their early
stages and much of the basic data is missing. The
existing results ‘do, however, suggest that these decisions

- will vary by income and socioeconomic classes.* The
MATH/CHRDS is much. better suited to take advantage of
this additional disaggregated information than the more
macro energy demand models. This disaggregation permits

- the model to select the candidate households and quantify
the degree and number of conservation choices of new" ‘
retrofits of existing residences. Advances in the field
of discrete choice analysis and data collected trom
national and utility surveys should present better
analytical .structure and estimates of fuel and technology
decisions. ., The MATH/CHRDS micro detail makes it probably
the model best suited to apply such results toward
analyzing the differential acceptance and implementation
of energy conservation policies.

: (6) Renter/Owner and Master Metering Effects.

The 1970 Census file on which the basic CHRDS model was
developed contained -energy expenditure information only’
on those renters who paid their own utilities. Subsequent
analyses of the 1974 MATH/CHRDS data file results, the
Census Bureau's follow-up surveys, and the Midwest
Research Institute's (MRI) master metering surveys have
indicated that this strongly misstated energy expenditure
by renters. Subsequent changes have been made for the
1975 data file to correct for two kinds of bias:

(a) Overreporting of energy expenditures by
those renters who received direct billings.
.The Census Bureau found this to be from
25 to 50 percent too high.

(b) Higher usage of master-metered apartments.
MRI found this to be an average of 35
percent higher ‘

*Efficiency choice algorithms are incorporated in the ORNL
Residential Energy Model in the form of minimum life-cycle
calculations using engineering~defined capital-cost-versus-
efficiency tradeoffs. Discount rates for this decision
vary by end use. Studies by Hausman and others suggest
that these discount rates also vary by income, class, and
other socioeconomic factors.

11-26



Correction factors for these biases have been
undertaken for the 1975 file; the reporting bias was
corrected in the file by distributing the error according
to monthly rental eXpenditure level; the master metering
bias, due to extremely limited data, was only corrected
by a uniform distribution among all master-metered

. apartments. Although the resulting 1975 files for

- energy usage conform on average for all consumers more
closely to updated benchmark data (see b.l above), the
extent to which these can be used for analysis of the
specific renter issues is obviously limited. by the lack
of directly measured renter data and analysis of renter
behavior. Again, the NIECS results for renters will
provide more accurate information with which to more
precisely benchmark and calibrate the files to 1979.
The NIECS data will also help explain renter behavior .
(or at least behavior trends) in terms of fuel price

: response, appliance purchases, and conservation effici-

; .ency measures. The more accurate benchmark and behavior

‘ ~data will make the f11e useful for projecting future

years. '

(7) Statistical Limits to the Disaggregation. A
given fact of micro simulation is that the Ievel of
disaggregation is limited by the lack of large enough
samples to enable assignment of statistical significance
to individual cells. This is particularly true for geo-
graphical information at the state level or below, and
also for coal use at every level. Even with the very
large Census Public Use Sample used by MATH/CHRDS, the
sample size can be so small (for instance, for three-member
, households in a particular region that live in housing
; " of a given type -and age that have electric heating) that
‘ - results could be biased by only a few mismeasured or
extreme values. Furthermore, it does little good to
have the additional model detail if there is no meaningful
way to attribute change in energy use to those specific
households. Since MATH/CHRDS has extracted: about as

"much detail as would presently be worthwhile from the
1970 Census samples, added cells will have to await 1980
Census results. The results of NIECS and future follow-on
rounds of .the Residential Energy Consumption Survey
(RECS) may be able to fill in some of the gaps for more
detailed conservation measures.

(8) Updated Data and Files. MATH/CHRDS derives
primarily from the 1970 Census Public Use Sample, as

- discussed in Section B above. Although the basic disag-
, k ' gregated detail of the file cannot be changed until the

1980 Census, there is a need to update the estimates.
The procedure. followed by MATH/CHRDS is to create a new
updated .file that has been corrected and c¢alibrated to
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the most recent information. While no detailed survey
will be available to reestimate the individual household
cells, comparisons of cell averages to more aggregate
data can suggest changes in distribution of fuel use,
housing type, appliances, and location that must have
taken place. The original data file was. a projection of
the original 1970 base to 1974. This has since been ;
updated to 1975, using the Annual Surveys of Housing and
WCMS and MRI survey data. Given the changes in prices,

conservation measures, and technologies that have occurred

since 1975, the need for far more recent updates is
obvious. Apparently, a 1977 file has been computed but
not fully verified by EIA and Mathematica Policy Research,
Inc. (A more important update will occur with the
now-released tapes of the 1979 NIECS results).
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II1I. OAK RIDGE NATIONAL LABORATORY
COMMERCIAL ENERGY MODEL

A. Introduction

The .Oak Ridge National Laboratory (ORNL) Commercial
Energy Model provides the analytical and quantitative struc-
ture that permits the user to assess the impact of commercial
buildings energy conservation programs. Adaptation and
application of the model at the national, regional, state,
and (forthcomlng) utility service levels have strengthened
the model's position as a central tool for policy, planning,
and program development both within the Department of Energy
and for other federal and state authorities. The discussion
that follows highlights the capabilities of this model and
indicates how this potential might be extended for more
precision and greater breadth of application 1n analyzing
bu11d1ngs energy conservatlon programs. :

The background and outllne for this study are discussed
below and the results summarized. The chapter then presents.
a more detailed overview of the present model structure and
applications and suggests refinements and modifications that
should permit the model to be applied to an expanded.list of
energy conservation issues and programs for commerc1a1 build-
_1ngs

1. . Background

The ORNL model has been in development over the last
four years as ‘a long-run simulation model to predict annual,
national, and regional commercial fuel demand. and energy use
to the year 2000. The principal purpose of the model is to
assist public and private sector decision-makers in planning
and evaluating the impacts of buildings energy conservation
strategies. and policies. To do this, the model provides
disaggregated commercial energy use information. by four
fuels, ten commercial subsector (building) categories, and
- five end uses. Forecasts for each of these building, fuel,
and end-use combinations are determined in response to changes
in: fuel and equipment prices, bu11d1ng stocks, growth and
composition of the commercial sector, building thermal perfor-
mance, appliance efficiency requirements, and usage factors
that represent commercial-sector energy-use decision maklng
The model is thus sensitive to major demographic, economic,
and technological determinants of commercial energy use.
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" Two versions of the model are being extensively applied:
a national and a regional version. The national version pro-
vides annual forecasts of commercial-sector energy use in the
aggregate. The regional version provides annual forecasts of
energy use for the commercial -sector for each of 10 DOE
regions and forms the basis for the commercial energy demand
of DOE's Regional Demand Forecasting System (RDFOR) of the
Midterm Energy Forecasting System (MEFS). The model is - ,
avarlable at EIA independent of RDFOR as the "Structural i
Commercial Energy Use Model." Additional versions of this
model are nearing completion that will provide annual fore- ;
- casts for analysis of commercial-sector energy use at the
'state level; utility-specific adaptatlonb are under consider-

ation. :

Results of these national and regional versions are used
as inputs to assist the evaluation of DOE commercial-sector
energy conservation programs and proposed policies. These
assist -analysis of the influence of such factors as: building
structure and appliance energy efficiencies, installation and
equipment costs; energy pricing, location, and public grants
to upgrade energy use systems.

The model's development is an ongoing process both at
DOE and ORNL and at various other national laboratories and
state planning organizations. The basic structure is outlined
in two documents: Jackson and Johnson, 1978, Commercial
Energy Use: A Disaggregation by Fuel, Building Type, and End
Use, which describes data development, and Jackson et al.
1978, The Commercial Demand for Energy: A Dlsaggregated
Agproach which - gives the model structure. Subsequent engi-
neering and econometric studies have significantly strength-
ened structural equations and parameter estimates of the
orlglnal model *

‘The ana1y51s presented in this report is based on a
review of the model's documentation and programs and discus-
sions with the authors of the model, ORNL scientists, EIA and
DOE planning and program staff, and other users of the model.

2. . Outline.and Scope of the Study

Both in its use by EIA for energy forecasting and in its
applications within DOE and at ORNL for conservation program
planning and policy development, the ORNL Commercial Energy

*Addztzonal summary information on the model'’s structure,
policy variables, inputs, outputs, data sources, specific
versions, and accessibility iIs given in Major Models and Data
Sources for Residential and Commercial Sector Enerqy Conser-
vation Analysis, Hittman Associates, Inc., 1980.
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Model has proved a valuable tool for analyzing a wide variety
of energy conservation programs. At the current state of
development, however, there remain limitations on the model's
capab111t1es to analyze certain energy conservation program
areas. Also, the model's base case against which these

" p011c1es are compared can be improved by refining its data
and structure. This chapter highlights some of the proper-
ties and current applications of the model and identifies
several .possibilities for improvements, or modifications that
may strengthen-and broaden its future applications. ' These
are intended to alert policymakers and planners to the model's
capabilities and to suggest extensions that may help guide
its future role in commercial energy conservation analysis.
The results of this are summarized at the end of this section.

The maJor sections that follow present the more detailed
examination of these findings. Section B provides an overview
of the model structure and introduces -the major variable and
analytical elements of the model.  This is sufficiently
detailed to provide a reference for the later discussion and
to identify the primary source documents. For the reader who
is well acquainted with the ORNL Commercial Energy Model,
this section may be omitted. The current major policy analy-
sis applications of the ORNL Commercial Energy Model are
outlined in Section C. These applications are. introduced
both to alert the user to the present model potential and to
provide the basis for understanding the suggested additionms.

- Section D then indicates extensions of ‘the model that would
enhance its potential to address additional commercial-sector
energy conservation issues and to increase the precision of
several existing applications. The discussion relates -these
directly to the model's analytical structure and data and
suggests modifications, additional research, estimates, and
data that would alleviate many difficulties.

3. Summary of Findings

a. Current Applications of the ORNL Commercial Energy
- Model. The model has been applied to at least
'seven major areas of energy conservatlon analysis. These are

discussed below.

Vv

(1) Building Energy Performance Standards for New
~ Buildings. The model computes the impact of
building energy performance standards on energy use for
space cooling, water heating, and lighting. The model
accepts as input by building type, end use, and fuel,
-the minimum fraction efficiency improvements for new
buildings (in energy use per square foot) that would
occur when standards are implemented. The model then
calculates material and installation costs relevant to
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these efficiency levels and compares these to the simu-
lated changes in fuels demand for each of the four end
uses by bu11d1ng types

(2) Standards for Energy Efficiency in New Commer-
: , .cial Appliances. 1In a similar fash1on, the
model accepts constraints on minimum efficiency improve-
ment for new appliances and for replacement appllances
The model simulates the resulting reduction in commercial
energy consumption and the correspond1ng appliance
investment costs accordlng to its minimum 11fe cycle
cost criteria. :

(3) Building Retrofits --Schools and Hospltalé
Grants Programs. The model computes the

impacts of federal programs to grant funds to schools
and hospitals for energy conservation investment. For
given level of funding per square foot, the model com-
putes the achievable efficiency increases. From these,
the fuel savings can- be calculated with respect to the
base case.

(4)‘ Investment Tax Credit. The tax credit effect
on capital costs of .conservation equipment permits the
model to simulate cost-effective purchases of higher-
_eff1c1ency equipment. Equipment expenditures and fuel
savings from lowered operatlng purchases are computed
for each fuel end use, and bu11d1ng type. \

(5). Conservation Technology Research and Develop-
ment. The model can simulate the effect of

these by assuming expected changes in capital costs of

conservation investments and reduced eff1c1ency limits.

For new buildings and equipment, lower operating.costs

relative to capital costs encourage investments in

higher efficiencies.. Energy savings and new investment

costs are calculated. by comparing simulations w1th and
-without the R&D effects. .

(6). Low-1nterest Loans. The effects of low-
interest loans are simulated by reducing the discount
.rate used in comparing present capital costs versus
future energy saving in energy-conserving buildings and
equipment decisions. More energy-efficient investments
at higher capital costs_are thus cost effective according
to the model's minimum life-cycle cost criteria.

(7) Fuel Price.Modification. Changing energy
prices have three effects on the model's results: They
change fuel market shares for new construction, they
change efficiency of new bulldlngs and equipment, and
they change the energy use in buildings to reflect

[l
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revisions .in building operating practices. These then
result in altered energy demands by fuel building, and
end use. :

b. Extensions and Modifications of the ORNL Commercial
Energy Model for Energy Conservation Analyses.
Although current versions of the ORNL Commercial
Model are applicable to a broad range of energy conservation
topics, as evidenced above, the model's use could be. enhanced
in several areas. Extensions of the model through various
modifications of the structure and by reestimations from new
data sources could further increase the model's potential to
assist policy planning and evaluation.of commercial- sector
conservatlon ,

The following 11 topic areas were selected, given
the model's basic capabilities, as areas where extensions,
modifications, and applications of the model would be of
significance in meeting DOE objectives for future commercial
energy conservation planning and policy analysis. (See the

, Appendix to this report for a discussion and outline of these

DOE objectives.) The topics embody both refinements in the
existing model structure and substantial modification that
would permit the user to better address key conservation
issues and policy variables. In many cases the suggested
refinement or modification gives only'a possible direction
for further work. Justifications for these are g1ven in
Sectlon D of the text.

(1) Retrofit of Ex1st1ng Commercial Buildings and

Their Appliances for Higher Energy Efficiency.

The current model only computes the impact of
federally funded retrofit for schools and hospitals.
For these buildings the model accepts expenditures per
square foot' for these retrofits and computes conservation
investments using the capital cost versus efficiency
technology characterization function to relate expendi-
tures to equipment choice. . This procedure could be
extended to other building types. Unless the model
endogenously models retrofit decisions, it is likely
that the results will overlook responses to less explicit
but ongoing incentives to retrofit embodied, for example,
in tax rates, fuel prices, and changing technologles A
first step toward this would be to alter the model to
accept the numbers and relative efficiency gains from.
retrofit decisions estimated outside the model. More
explicit modeling mikht involve dividing buildings and
appliances into separate fractions whose characteristics
suggest their applicability to retrofit.

(2) Operational Conservation Measures. The model
currently simulates the influence of higher energy costs
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on the operation of equipment; but it does not provide
for direct simulation of the impact of mandated opera-
tional conservation, measures such as thermostat setback,
reduced hours of operation, or delamping. To modify
.this, the computer code could be reprogrammed to accept
a maximum utilization for each affected end use. This
maximum would be an engineering estimate of the change
in eneygy use due to the operational change (e.g., the:
Btu/ft® reduction due to a 5° lowering of the space

- heating thermostat after hours).

(3) Rate Structure and Load Management. The model
accepts input forecasts of average annual energy prices
by fuel type and computes commercial-sector demand on an
annual basis. The same fuel o0il prices are applied to
each end use. Because of this, the model cannot be used
to evaluate the impacts of rate structure policies.
Similarly, the model only calculates annual energy use
so that it cannot be used to evaluate load management
programs. - Modifications to the model to continuously
reflect changes in rate structure and load management
would be extremely difficult. However, approximation of
the effects of a specific national or regionwide rate
change is possible. Given changes in rate structure and
load management practices since the model was originally
estimated, reestimation for average effects of the new
rate structures would be useful even if there are no
‘other modifications.

(4) Alternative Energy Supplieés - Solar Space and
Water Heating. These are not currently repre-

sented in the model. With appropriate data, the. tech-
nology characterization functions could be modified to
accept these options, though the output would only
reflect the utilization of the backup fuel. Much of the
data and analysis for this currently exist in the svlar
market development and penetration models sponsored by
DOE. .

(5) Alternative Energy Supplies - District Heating.
The model.currently calculates consumption of

electricity, natural gas, fuel oil, and other (primarily
propane and coal). It does not currently simulate the
use of steam for district heating (used primarily in
large commercial buildings and shopping centers). To
explicitly treat this in the model, market shares of
space heating fuels would need to be modified to include
the fraction of commercial buildings where district
heating is available; the market share elasticities
would need to be developed; the model would need to be
modified to accept the prices for steam; and the tech-
nology characterizations would need to be augmented.
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Pfesently'data for these are weak or location—specifié,
and modeling even at the regional level would only be a
rough approximation. - ~

(6) Energy Conservation in Federal Buildings. The
analytical structure of the ORNL model, with the modifi-
cation suggested in (1) above, is well suited to simulate
exogenously calculated target efficiency increases for
new buildings and retrofits for existing buildings. The
model, however, does not explicitly identify a federal
building category, and federal buildings themselves
differ widely in type and energy use characteristics.
Retrofit modifications require procedures to accept
input estimates of the fraction of federal buildings in
each building type and the potential percent change in
efficiency for each. : For new federal buildings, the
fraction of new floor space by building type would iden-
tify the federal portion of net savings from ‘a mandated
efficiency reduction. Existing energy use .data on
federal buildings, including that allocated for FEMP,
are still very weak and limit more precise analysis. -

(7) Energy Conservation in State/Local/Institution-.
al Buildings. The model can simulate the .

impacts of a grants program for schools and hospitals.
However, these and other buildings are not categorized
separately in the model by state and local buildings.
Data on energy use in state and local buildings, how-
ever, are more available than data on federal buildings.
Simulation capability would require modifications of the
model to accept an input efficiency reduction by building

- type along with the fraction of each building type

affected by a state/local program only. This would
apply to retrofit programs. Programs for new buildings
can be incorporated in building efficiency standards if :

the new floor space fractions are known.

(8) Analysis of ‘Renter-Landlord Effects. The
present model does not differentiate buildings by owner
or by billing characteristics. Conservation incentives
appear to vary by these classifications. - Data suggest
that both ownership and billing characteristics vary.
significantly by building type. Modification of the
model to accept discount rates that vary by building
type would permit measures of behavior that could re-
flect the proportion of ownership, and the proportion of
occupants that pay their own bills.

" (9) Utility Activities. Many energy conservation
activities mandated or voluntarily undertaken by utili-
ties are only partially amenable to analysis with the
present model structure. These include: energy audits
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and energy information programs for commercial build-
ings, standards for new commercial utility customers,
changing rate structures, district heating, prohibitions
on new electricity uses, load management programs, and
utility voltage reductions. More explicit modeling of
these is summarized in 1 to 8 above. Additional modifi-
cations might need to incorporate fractional effects for
specific utility service areas or would require modeling
at the utility level. ‘
(10) Regional Energy Use and Conservation Activities.
The ORNL model has been disaggregated to make.
regional projections at the federal and state levels,
and for three regions within New York State. These rely
heavily on the national model structure with data inputs
from the specific regions. Improvements needed to more
accurately differentiate regional responses and impacts
include: regionally estimated technology coefficients
(efficiency versus capital cost) for individual commer-
cial building types and end uses, and-regionally esti-
mated fuel market shares and equipment utilization
elasticities. Also, though a state-level commercial
energy model has been developed and state-level infor-
mation has been found important to the progress of
various conservation efforts, the state-level model has
not received wide support for EIA and state adaptation
and applications.

(11) Technical Improvements in the Structure of
. the Base Case of the ORNL Commercial Energy
. Model. Specification of the model's base case
could be improved by refining some of the coefficient
estimates and input data. These include:

(a) Updated technology characterizations of
building thermal performance and equip-
ment efficiencies

(b) Revised estimates of energy use per
o ____ square foot by end use, fuel type, and
building type
(c) Reassessment of commercial sector be-
havior toward fuel choice and investment
decisions, fuel market shares, the dis-
count rate, and equipment efficiency
choices

(d) Revised specification of the equations
for floor space additions

i
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(e) Expansion of the number of building
categories

(f) Revised estimates of equipment decay
- rates

(g) Reassessment of o0il and gas usage simu-
lations, given the errors found in vali- .
dation exercises. :

B. Basic Model Struéture

1. Overview

The ORNL model uses an economic-engineering end-use
approach to forecasting commercial energy use. The model
employs a capital-stock analysis which explicitly recognizes
that energy is consumed by capital goods (buildings and
appliances) in the commercial sector to provide services (as
warmth, business needs). Detailed engineering estimates of
energy use by equipment, building structure type, fuel type,
and age of capital stock are used to develop a disaggregated
model of the commercial demand for energy. :

Figure III-1 provides a schematic of the ORNL Commercial
Energy Model. Input forecasts of income and population are
used to predict the building stock, by building type. This
stock together with building decay rates and stock history
are-used to estimate total new construction. Energy prices
and input market share model coefficients determine the share
of new construction and new equipment using each fuel for -
space heating. Given the equipment prices, technology charac-
terization functions relate these initial capital costs of
equipment to energy use to determine the energy efficiency of
new construction and equipment based on voluntary choices;
efficiency may also be modified by conservation programs.
Energy prices affect the quantity of energy consumed by
modifying the frequency with which energy-using equipment is
operated. The model predicts fuel use by four fuel types,
ten building types, and five end uses. Summing fuel use over
building types and end uses gives total commercial consump- .
tion, by fuel type. '

The basic model structure assumes that energy demand in
commercial buildings in a given year is the product of the
stock of energy-using equipment and the rate at which the
stock is utilized. The stock of commercial building floor
space is used as the proxy variable for energy-using equip-
ment. The equipment is then defined in terms of the fraction
of floor space that uses specific end-usé equipment, and the
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~ energy use per sduare foot of floor space for each equipment
t{pe. Further precision is gained by disaggregating the
floor-space stock by building type and age.

In algebraic terms, this energy use or demand is de-
scribed as: . : : .

—3

Tt ot t t
Qg T2 (UPT) 5k ©Cijk - qijk - Ay d(T-t)

for fuel type i, building t{pe j, end use k, at time T.
‘Energy use in the commercial sector for building j in a
specific case year T is described as the product of five
variables: : -

U.. (P )t Utilization rate of equipment of a given year
ik T t vintage as a function of energy prices in
~ the PT case year L
t ' ' ' .
€ik © Potential energy use required per square foot
' of buildinﬁ by equipment of a given year
vintage (the equipment efficiency)
t ' . '
4k ‘Fraction of floor-space additions in a given
' year served by each fuel and end use.
at " Commercial building floor spaée added in a
. given year : :
d(T-t) ‘Fraction of flodr-sgace additions in a given
- year which are still standing in the case

- ‘year.

The resulting energy use in the commercial sector, Qt
given in Btu, is therefo§e determined by fuel prices, energy
use requiremepts (Btu/ft“), and net commercial floor space
additions (ft“). An energy use index is developed to estimate
energy use requirements in commercia{ buildinﬁs by fuel type
and end use. The utilization rate U- (P4) (which is a func-
tion of fuel prices) and potential energ§ use requirements
for a given year are then measured relative to the utiliza-
tion rate of the equipment for an arbitrary base year. The
net fuel and equipment shares of commercia{ floor-space
" additions are estimated based on assumed fuel-price elastici-
ties and the additions are estimated as a function of popula-
tion and personal income.

Given the.floor-spacé'additions and their resulting

energy use requirements, the model provides analysis of final
energy demands in terms of equipment and structure efficiencies
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and fuel price elasticities. Choice of efficiency levels of
new space heating and cooling systems depends on the trade-
off between initial (purchase) cost and operating cost (fuel
price and efficiency) of the new equipment, weigﬁted~by the
commercial establishment's discounting of the future energy
savings. Engineering descriptions provide the technical/cost
possibilities for the space conditioning systems. Efficien-
cies of other equipment and appliances are determined by
econometric estimates of the fuel price/efficiency responses.

The actual equipment utilizations are modeled as a
function of both the fuel price changes and the efficiencies
with which the equipment can be run. In the short run, the
efficiency levels are fixed for existing equipment so that
short-run utilization is a function only o% energy prices.

Over the longer run, the equipment utilization is actual-
ly determined as a function of the cost of the end-use ser-
vice produced by the equipment, and thus as a function of
fuel prices wei%hted by the efficiency with which the equip-
ment uses that fuel. Choice of equipment efficiency is
itself described as a function of fuel price (and technology
options, initial price, and discount rate for space condi-
tionin 5, as described above. The analysis is similar where
there is the added possibility of fuel choice. Thus, final
energy demands are modeled as a series of interrelated deci-
sions on capital stock choice (efficiency) and utilization
(fuel price and efficiency) combined witK short-run behavior
responses to price. i

The estimates of utilization, efficiency choice, fuel
choice, floor-space stock, and building and equipment replace-
ment are discussed in more detail below.

2. . Utilization Rate

.1.(Pg) - is the relative utilization of energy-using
equipméht of age t as a function of efficiency-weighted
energy prices in the forecast year T. The efficiency weight-
ing implies that the commercial consumer is purchasing the
energy for the services provided by the energy-using equip-
ment ; e%ual changes in prices and efficiency should leave the
price of the service, and thus the utilization, the same.

In the short run, fuel choice and equipment are fixed
and the only utilization response is to vary operating proce-
dures of the building and equipment. Thermostat setbacks,
lighting cutbacks, and fewer open windows are examples of
this. The model measures this price elasticity as the short-
term elasticity of fuel usage. This is estimated by the
first-year response of a commercial fuel use versus fuel
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prices econometric estimate. This estimate, found in Cohn,
1978, used 1968-1972 state cross-sectional data adjusted for
"errors in definition of the commercial sector and measurement
of petroleum use for that sector alone. The longer-run
elasticity coefficient is the same, but since fuel and equip-
ment investments change efficiencies, the net prices of
energy services will be smaller.

3.  Energy Use Indices

-+ The etijk measures the potential energy use per square
foot required for equipment of age t. As such, these are
measures of the efficiency of the equipment that commercial
enterprises choose to purchase. For equipment other than the
HVAC equipment, the efficiency choice in response to a fuel
price change is estimated to be equivalent to the long-run
fuel use adjustment to prices, after netting out the short-
run operational responses. In the long run, equipment invest-
ments as well as utilization respond to prices. Thus effi-
ciency elasticities are calculated as the net long-run usage.
elasticities. These elasticities .are part of the previous%y
cited usage elasticity estimates (Cohn, 1978).

For HVAC equipment, the efficiency and equipment choice
are modeled difterently. Combinations of capital cost and
equipment efficiency for a given fuel type are estimated from
engineering analyses which yield results similar to Figure
III-2. In the model these curves are represented in the form -
c = b-in(E-a) _

= 2=mtdl

1, where C is capital cost, E is energy use,

and a, b, and d represent initial and asymptotic efficiencies.
These, together with the fuel price and an appropriate commer-
cial-sector discount rate, are sufficient to calculate the -
life-cycle cost of purchasing and operating the equipment.

The minimum life-cycle cost combination of efficiency (or
operating cost) and capital cost indicates the optimum equip-
ment choice. The actual market choice differs from this
optimum by a given factor that represents market imperfections.

4, Fuel Shares

The fraction of floor space allocated to a particular
fuel and equipment, a-ijk, is calculated from fuel share
price elasticities estimated by Cohn, 1977, from the same
1968-1972 state data used in the fuel usage elasticity esti-
mations. Since fuel switching occurs only as a long-run
response to higher fuel prices, the short-run or one-year -
responses are netted out to give the fuel choice effect.
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5. Floor Space

The stock of floor space is estimated as the sum of
floor-space addition each year less those that are lost to
demolitions or abandonment. Estimation of the stock for each
year is necessary in order to detail equipment and energy use
corresponding to the floor- space vintage. . .

Calculatlon of the historical building floor-space stock

~ series was a major undertaking during the initial model

development. For this, data on building. starts from F,W.
Dodge Construction Potentials for 1925 to 1970 were adjusted
to meet the model's commercial buildings and U. S. regional
definitions. An estimate of the stock.in 1925 (recent ver-

.sions use 1931) and a 45-year building life logistic demoli-

ticn-curve then permitted the annual stocks to be accumulated.

Additions to the stock of floor space in the past 1970
and the forecast years are estimated by econometric estimates
of total commercial-sector floor-space requirements by build-
ing type. Major determinants of commercial output (and thus
floor space) were found to be per capita disposable income
and population. Additional commercial-building-specific
factors, such as school enrollment for education buildings,
were included where indicated by their statistical importance.
Floor-space additions for a given year are then calculated as
total requirements in that year less the stock of the previous
year, less the demolitions calculated from the ‘logistic decay

" function.

6. Building and Equipment Replacement

The model assumes that both buildings and'equipment.are'
removed from use according to their estimated lifetimes. All
commercial buildings are assumed to decay according to the

. 1 ,

fraction still standihg, f(t)=1 - T+exp(6 91‘_ 0 I536 ©) for

buildings of age t. The average building lifetime implicit
in this function is 45 years.

Equipment is assumed to have a fixed lifetime of 18
years, at which point all such equipment is retired.

7. Policy Var1ables and Parameters

a. Short-run. The primary pol1cy variable wh1ch
operates in the short run (one year) for the ORNL Commercial
Model is the price of energy. Thus, short-run fluctuations-

in the demand for energy as a result of energy price changes
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are expected to include only behavioral changes, such as
resetting thermostats, changing ventilation levels, and
removing light bulbs, which reflect a change in the intensity
of utilization of the present system.

_ Fuel prices can be affected through regulation or:
price decontrol policies and through tax policies, such as
utility tax rates or oil import taxes. Policy optlons which
yield short-run changes in demand for energy (i.e.,: the
‘utilization rate) are limited by the ability to directly or
indirectly alter energy prices and the short-run elasticity
"of energy demand, where the opportunities to respond to price
changes are again limited to utilization changes W1th the '
existing stocks. :

b. Long-run. The primary policy variables which
operate in the Tonger run for the ORNT. (‘nmmprcq,al Sector
Model include the following:

(1) lAbsolute and relative fuel prices

(2) ‘Levels of - equipment and bu11d1ng energy eff1-
ciency

(3) Relative price of capital and energy.

‘Absolute and relative fuel price changes affect
commercial-sector demand primarily through the fuel price/
efficiency trade-offs and elasticities for new equipment
purchases and the equipment utilization elasticities of :
efficiency-weighted prices. Changes in absolute fuel prices
can be accomplished.through regulatory and tax policies, as
mentioned above. The model properly reflects that the re-
sponses to these policy options are less limited in the long
run than in the short run, becausé the longer time period.
allows changes in investment to occur, such as investing in
more fuel-efficient equipment or conservation devices.
Changes in. relative fuel prices can be accomplished through
similar policies which are fuel-specific. The model response
in this case would be to alter the fuel mix, or the fraction
of floor space served by each fuel. The opportunity for this
type of response is also greater in the long run than in the
short run, as long-term-investments may be undertaken which
result in fuel switching. . :

Changes in the level of equipment energy efficiency
can be accomplished through the ORNL model by altering the
energy use index (EUI) variables which reflect the specific
technological trade-offs. Examples of such changes are |
buildings energy standards which alter the energy efficiency
of the building envelope, and appliance efficiency standards
which affect the energy use of water heaters, space heating
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or -cooling equipment, and lighting fixtures. The long run
affords the opportunity to invest in such conservation mea-
sures, and the model can estimate the impact of these conser-
vation policies. . :

Changes in the relative price of capital and energy
can involve the policy variables of fuel price and/or the
purchase price for equipment energy efficiency levels. :

_Altering these variables differentially can demonstrate the
effects on conservation of substituting more energy-efficient
capital stock for energy use in the long run. Thus, the ‘
model can represent the process of market penetration of new
or modified technologies and analyze their effects on energy
conservation. - These policy and program variables are ad-

~ dressed in more detail in Section C below.

C. Current Policy Analysis Capabilities

1. - Building Energy Performance Standards and Appliance
Efficiency.StandardS»> ;

The Oak Ridge National Laboratory (ORNL) Commercial
Energy Model computes the impact of building energy perform-
ance standards on energy use for:

(a) Spéce heating

(b) Space coolihg

(c) Water heating
' (d) Lighting.

The standards are modeled as minimum fraction efficiency
improvements for new buildings. The model accepts, by build-
ing type, by fuel, and by end use, the ratio of energy use
per square foot for new buildings built under the standards
to the average energy use per square foot in the initial
year. The energy use per square foot in new buildings is the
minimum chosen from the imposed. standards ratio and from that
ratio which would voluntarily be selécted as energy prices
rise, times the initial energy use per square foot.

The model analysis for these is indirect in the sense
that buildings thermal performance is integrated into the
appliance efficiency in the buildings. It is these effici-
encies that are actually used in the model calculations.
Investments to increase the thermal performance are trans-
lated via engineering process models into percentage equip-
ment efficiency changes in the four major end-use areas. The
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models assume that these changes.in efficiency can take place
only in new buildings (addition to the stock or replacement).

The added cost for the commercial sector to invest in
upgrading their new building's thermal performance can be
calculated by using the model's capital cost building energy
use curves to determine the capital cost corresponding to the
imposed efficiency or energy use levels (see Figure II1-2).
This and the resulting savings in fuels use can be used for
cost-benefit comparisons of the mandated standards. It is
possible with the model structure, however, that the commer-
cial sector will have already responded to rising energy
prices and, independent of or in addition to the standards,
will have chosen equipment whose efficiencies are below those
indicated by the mandated increases in thermal performance.

Because the model assumes that commercial-sector managers
make their energy use decisions based on the price of the
energy-using service provided (e.g. heat, lighting), the
mandated efficiency reductions will also have a counteracting
impact on increasing energy use. Higher efficiencies reduce
the net cost of the energy services, so that utilization of
the relevant end-use appliance could be increased. This type
of response is embedded in the utilization function Uij(PTg.

2. Appliance Efficiency Standards

These may be modeled using the same procedures used to
model building energy performance standards above. Appliance
~efficiency levels are constrained to be above the standard
minimum for all new.and replacement appliances. Originally,
the model presented the standards as affecting appliance
choice only in new buildings, but more recent versions also
permit efficiency changes in replacement equipment.

3. . Building Retrofit - Schools and Hospitals Grants
Program

The ORNL Commercial- Model computes the impacts of the
federal program to grant funds to schools and hospitals for
energy conservation investments. The model accepts several
inputs to define the grants program:

(a) Beginning year of grants program
(b) Ending year of grants program

" (c) G:anté per square foot for schools
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(d) Grants per square foot<for hospitals

(e). Grants program years divided by fraction of square
feet affected.

The evaluation is based primarily on the engineering-
determined capital costs-versus-structure-efficiency curves
such as those indicated earlier in Figure III-2. At a given
grant level (for example a grant to invest in heating and
cooling ‘equipment), the model uses these curves to identify
the improvements in efficiency that can be achieved. From
this efficiency choice, and the floor space relevant to the
equipment, fuel savings with respect to the baseline case can
be calculated. .

4. 'Investment Tax Credit

‘The ORNL Commercial Energy Model computes the impact of
an investment tax credit on energy consumption by reducing by
‘the percentage of the tax credit, the capital cost of energy
conservation investments;. for example, a 10 percent credit

would lead to 10 percent lower capital costs. As the capital

costs are reduced for a given level of fuel prices and tech-

nologies and an estimated discount rate, the model technology"

descriptions (Figure II1I-2) indicate increased investment in
efficient equipment. The capital cost efficiency curve
rotates to the left -- lowér costs for the same efficiency. -
Lower capital cost permits a new minimum life-cycle cost and
enables present equipment expenditures to reduce future
operating costs. ’ - - '

In addition, the assumptions can be made that -energy
conservation investments planned by the firm for after the
tax credit period will be expedited to take advantage of the
investment tax credit; investments that would have been made
several years after the tax credit program ends could instead
be made during the last year of the program. S :

The ORNL.Cbmmércial Energy Model accepts three inputs to
define the investment tax credit program:

" (a) Yeér'in which investment tax.credif takes effect
(b) Last year of investmenf tax credit |
(¢) Fractional amount of taX<credit.
Analyses of the impact:dfvthe credit require comparisons
of the energy use and fuels consumption projected without the

credit to those with provision of the credit. Fuel savings
from this would then be compared for cost-benefit purposes to
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the model forecast of the incremental investment cost induced
by the credits. :

5.  Conservation Technology Research and.Development - i

The ORNL Commercial Energy Model ¢an simulate the impact
of research and development on-building energy use by modify-
- ing the capital cost of conservation investments and by
reducing the efficiency limits. "The model accepts a maximum
allowable efficiency improvement, that is, thé minimum ratio
of energy use per square foot in néw buildings to energy use
per square foot in existing buildings.. As technological
improvements reduce this minimum.ratio or reduce the cost of
" conservation investments, the model will show new buildings
‘with greater potential for more efficient equipment, thus
reducing overall energy use. :

In effect, the research and development for more energy-
efficient equipment or structures shifts the capital cost-
efficiency curves by reducing the capital costs for the.same
efficiency; and extending or reshaping the curve to portray
new efficiency levels. »

6. Low-Interest Loans

. The ORNL Commercial Energy Model can analyze the effect
of low-interest loan programs in two ways. First, loans
could be translated into' an effectively lowered capital cost
for energy-conserving equipment. Such a lowered cost, as
discussed in previous sections, would shift the capital cost
efficiency engineering curves so that a new level of more
energy-efficient equipment would be undertaken for new build-
ings and to replace retired equipment.

Alternatively, the impacts of low-interest loans might
be simulated by reducing the discount rate used in making
energy conservation equipment decisions for commercial build-
ings. The lower effective interest rate could be seen as
lowering the discount by attacking imperfections in the
capital market that inhibit commercial-sector investors from
making cost-effective decisions. A lower discount rate
translates into enhanced evaluation of future energy cost
savings for the same capital expenditure and efficiency
level. More energy-efficient investments at higher capital
cost are thus cost effective according to the model's minimum
life-cycle cost ‘evaluation. '
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7. Fuel Price Modification

The ORNL Commercial Energy Model computes the impact of
policies that change the average price of energy, by fuel
type. These were discussed earlier in B.7. Changing energy
prices have three effects on the model: '

° Changing the fuel market sharés'for new construction
° Changing the eff1c1ency of new bu11d1ng and equlp—

"~ ment = A
° Changing the energy use. in all buildings to reflect

revisions in building vperational practices.

The share of new construction using electricity, natural gas,
fuel o0il, and other fuels (propane) for space heating is an
input function of the relative fuel prices. As. the price of
" one fuel increases relative to other fuel prices, the share
of new construction u51ng the more expensive fuel for space
heatlng decllnes

The ORNL Commercial Energy Model determines the effici-
ency of energy utilization in new buildings by discounting
the fuel savings from energy conservation investments at an
input discount rate and comparing the resulting present value
of fuel savings to the conservation investment cost. As fuel
prices increase, future operating costs decline, future fuel
savings increase, and more investment in conservation becomes
cost- effectlve ‘ ' '

' The ORNL Commercial Energy Model accepts operat10na1
elasticities of equipment utilization. These elasticities"
are the percentage change in energy use divided by the per-
centage change in energy cost, expressed as an absolute value
(without sign). For example, if the elasticity of equipment
utilization with respect to energy cost is 0.3 and energy
costs rise 10.percent, then energy use would be reduced by 3.

percent (1. 1 3). Thus as energy prices rise, energy use per
'square foot will be reduced as higher energy costs lead to
reduced operation of energy-using equipment.

~ D.. Extending the ORNL Commercial
Energy Model for Energy Conservation Analysis

Current versions of the ORNL Commercial Energy Model,
although applicable to a broad range of energy conservation
programs, could be enhanced by reducing several limitations
on the types and/or precision of analysis of conservation

111-21




programs that can be simulated. The following discussion |
will consider both extensions of the model to better address
key conservation issues or variables, and refinement of thé
inputs, coefficients, and model algorithms that could improve
the basic forecasts. These are presented in the context of
possible ways of modifying the model or incorporating changes

into the model structure.

The topics were selected, after discussion with DOE, on
the basis of the value of the model changes to DOE commercial
energy conservation program objectives. (See the Appendix to
this report for a discussion of.these objectives.) The
topics are not intended to represent all major areas where ,
the model could be enhanced. They are, however, priority
areas of significance for application of the model for future
commercial energy conservation planning and policy analysis.

'Topics‘addfessed include:
1. Retrofit of existing commercial buildings and their

appliances for higher thermal performance and
energy efficiency .

2. Operational consérvatiqn measures
3. Rate structure and load management
&4, Alternative energy supplies - solar space and water

heating
Alternative energy supplies - district heating .
Energylconservation in federal buildings

Energy conservation in state/local buildings

00 N o O

Building ownership and energy conservation -
analysis of renter/landlord effects '

9. Utility activities
10. Regional energy use and conservation activities

11. Technical improvements in the base case of the ORNL
Commercial Energy Model '

a. Technology characterization of building energy
performance and equipment efficiency

b. Energy use'per square foot

111-22




c. Commercial-sec¢tor behavior and investment

decisions
d. . Floor-spaceladditions
e, Buildiﬁg cétegories
lf, EquipmentAdecay rates
| g _ 0il and gas predictions.

In reviewing these topics it should be recognized that
the ORNL Commercial Model is installed and/or used for analy-
sis with a large number of organizations. There also exist a
number of versions and special -applications of the model by
DOE and ORNL as well as ongoing model development. at these
institutions. ‘It is entirely possible that several of the
changes or extensions suggested in the following discussion
have already:taken form elsewhere. An informal survey of the
forthcoming versions and of work in progress is presently
underway by the authors of this report. For the discussions
below, the analysis has focused on the national versions
originally described in The Commercial Demand - for Energy:

A Disaggregated Approach (Jackson, et al., April 19/8) and

updated in Energy Use and Conservation in the Commercial Sector:

An Econometric-Engineering Analysis (Jackson, January 1979);
and 1n the regional version described in Commercial Energy Use

Model for the Ten U.S. Federal Regions [Cohn, et al., April
1979 (Draft)]. These are, for the most part, production
versions in use .at EIA and ORNL. Changes in these are most
likely to affect DOE conservation policy development and
program planning and evaluation.

1. Retrofit of Existing Commercial Buildings and Their

Equipment for ngher Thermal Perfbrmance and Energy
Eff1c1ency

The ORNL Commercial Energy Model currently only computes
. the impact of a federally funded retrofit program for schools
and hospitals. (See the discussion in C.3 above.) For
these, the model accepts the . expenditures per square foot for
retrofit and duration of the retrofit program. The model
then computes the energy conservation investments using an
input technology characterization function (e.g. Figure
I11I-2) to relate expenditures to.equipment choice. The model
simulation then permits analysis of the final energy savings
by comparison w1th the non-retrofit case.

Higher energy prices and conservation programs, such as

tax credits for retrofit conservation investments, should
encourage retrofit in all existing buildings. To model the
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impact of -these incentive programs within the current model
structure, a relatively simple procedure would be to program
the code so that it permits the numbers of retrofit buildings
and their increases in efficiency (end-use performance) to be
input for each building type by end use and fuel type. The
calculation .of the numbers and efficiency gains would have to
be calculated outside the model, with care given to the
vintage (age) of the building for any retrofit of buildings -
built after 1970. (In the model, each building type built
before 1970 has only average efficiency and fuel usage factors
for 'the entire pre-1970 period.) '

. Alternatively, a more significant modification would
permit the model to endogenously represent the retrofit
behavior. First, the model could be modified to accept as
input the initial fraction of existing buildings which might
benefit from retrofit. .Various commercial building data
bases could be ‘examined to determine those fractions, by
building type. Second, the model would need to. be modified
to compute the change in efficiency from retrofit, using the
technology characterization functions (capital cost effici-
ency trade-off) adjusted to reflect the incentive programs. .
Third, the model would determine the fraction of the stock
remaining to be retrofit each year, simulating the declining .
program impacts as old buildings or potential equipment for
retrofit are removed and the existing stock becomes more
efficient. A minimum life-cycle cost level of retrofit would .
indicate the investment levels for the identified fractions. -
To test a retrofit incentive program impact, the model would
be run twice: first, with a technology characterization
function- lacking incentives; and second, with the function
modified to reflect reduced cost of retrofit as a result of
the incentive programs.

The accounting and data problems of identifying retro-
fittable equipment within existing buildings is significant
even with the existing appliance decay function. The exist-
ing decay structure has replacement at the same time for all
equipment of a given age in a building of a given age. A
more realistic distributed decay would have buildings of the
same age with a variety of equipment vintages. (See D.11.f.
below for further discussion of equipment decay rates.)

Despite the difficulties of modification, if it is
accepted that rising energy prices, improved technology, and
. federal incentive should affect appliance retirement or
"trade-in" decisions, then the retrofit modification could
provide significant results. Otherwise, the effects of the
conservation incentive are severely constrained to affecting
only the relatively small annual numbers of additions and
replacements of the (much larger) total stock of commercial
‘buildings and their energy-using equipment.
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2. Operational Conservation Measures

~ The ORNL Commerc1al Energy Model currently simulates the
influence of higher energy costs on the operation of equip-
-ment, using input elasticities. The model does not provide
for direct simulation. of the impact of operational conser-
vation measures such as thermostat setback, reduced hours of
operation, or of delamping. For conservation investments in
new buildings and equipment, some of these operational mea-
sures appear to be 1ncorporated within the capital-cost-versus-
efficiency technology curves developed for later versions of
the model. For these, commercial enterprises may choose the
operational measure to be cost effective in the minimum
life-cycle cost sense, depending on fuel price levels and
conservation incentives. If the model does include opera-
tional changes in the technology curves, then the effect of
operational regulations could be simulated for new buildings
in a manner-very similar to that of building and - appliance
energy efficiency standards discussed in C.1. The operational
standard would shift the technology curve and the commercial
sector would choose new equipment which equaled or exceeded
the operational requirement.

The basic operational conservation responses, however,
are potential and in fact ongoing to some extent for all
buildings and equipment, not only new additions and replace-
ments. To be able to account for these in the model, the
short-run operational elasticity equation for any building
and end use would need to be modified to accept the constraint
of a maximum operational level. This operational level would
be calculated outside the model as the relative reduction in
Btu per square foot for a given building type, if a specific
operation were undertaken (e.g., Btu/square foot reduction
effect of a 5 degree lowering of the thermostat on weekends).
Specified energy-using facilities.in a given type of commer-
cial building would then be modeled to operate at or below
the mandated level. The short-run utilization elasticity
would still be operatlve below the spe01f1ed level.

3. Rate Structure and Load Management

The ORNL Commercial Energy Model accepts input forecasts
of average annual energy prices, by fuel type, and computes
commercial energy demand on an annual basis. The same fuel
price is applied to each end use. Because of this, the model
cannot be used to evaluate the impacts of rate structure
options, which include:

(a) Conventional declining block rates in which unit
cost decreases with quantity consumed
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(b) Level rates in which unit costs are constant

(¢) Inverted or lifeline rates in which unit costs
increase with quantity consumed

(d) Incentive rates in which usage in excess of a per-
centage of the prior year's usage (e.g., over 90
percent of prior-year use) is priced above the base
price.

Similarly, because the model only calculates annual
energy use and does not calculate the hourly load profiles of
electrical equipment usage, the model cannot assist the
planner in evaluating load management programs. Load manage-
ment. programs include:

(a) Direct load control in which the utility can cycle
customer equipment (e.g., air conditioners)

(b) Timers that limit the time of operation of appli-
ances (e.g.,'water heaters) ‘

(c) Storage devices that store energy at night (or over
seasons) for use during peak periods of electricity
use ‘ ' ‘

+

(d) Time‘of-use electricity rates.

However, more permanent national or regional rate changes
could be approximated by appliance-specific reestimation with
.those rates and inputting appropriately "averaged" rates for
these using estimations from outside the model. This still
corrects only the initial demand/price position, but there is
generally no time series data available for full responses of
commercial enterprises by building structure or end use to
changes in rate structure. Thus even if the model were newly
estimated to the national or regional average rates, the
model would not reflect changes in the distribution of rates
within that new average. Continued reestimation with each
change in rate structure or provisions for exogenous inputs
from engineering energy load models appears impractical, as a
general procedure. '

-Alternatively, the model might be entirely restructured
for a utility service area over a shorter time period (e.g.,
seasonally or daily), and then applied with a submodel of
engineering-determined load curves analyzed for building or
commercial enterprise types.* In this analysis, building

*Efforts to Investigate this are being considered by Dr.
Jackson at the Georgia Engineering Experiment Station.
Conversation with Dr. Jackson, July 8, 1980.
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types would need to be further disaggregated to a level of
detail that would permit better classification of their total
use and their responses (for example, rates that depend on
‘quantity consumed may differ simply because the building size
creates differences in billing rates). Commercial establish-
ment response to the rate will also depend heavily on the
type of commercial activity (for instance, restaurants may be
less able to respond to hourly rate than laundries). The :
present building classifications do not adequately represent
commercial enterprise categories (i.e., specific SIC indus-
tries). Since several commercial industries may also be in
the same building, detailing a specific response would require
disaggregating the building types.* ‘ .

4. Alterﬁative Energy Supplies - Solar Space and Water
Heating . ' -

The ORNL Commercial Energy Model accepts as input a
.technology characterization function that relates installed
space heating capital cost to annual energy use (efficiency).
Figure III-2 presents an example of this technology character-
ization function. As described earlier, life-cycle cost
minimization using this efficiency-versus-capital-cost trade-
off indicates the direction for new commercial-sector pur-
chases of housing energy conservation installations and of
appliance investments (see Section B.3). Energy use per
square foot of floor space per annum may be reduced by instal-
lation of more efficient systems, with an associated increase
in installed costs. : ~ : :

With appropriate data, the technology characterization

~ .functions could be modified to reflect solar space heating

options, leading to further reductions in energy use at

- greater installed costs. However, the resulting model output
would only indicate the utilization of the backup fuel and

would not reveal the solar contribution.

Solar space and water heating could be explicitly treated
by modifying the ORNL model. Theé structure of this modifica-
tion is displayed in Figure III-3. The first step, embodied
in the existing model, is the choice of a fuel for space
heating; comparable ‘logic would be added for water heating.
The second step would be the choice between conventional
‘fuel-using systems or solar with electric backup. The third
step would be selection of the efficiency for the conventional
system and the efficiency as well as solar contribution for
the solar system, by fuel type. This structural modification

*BDM, Inc., 1s presently undertaking a study for EIA investi-
gating the commercial classification formats for commercial-
sector energy conservation analysis. The draft report should
be released in August 1980.
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Figure III-3. Structure of ORNL Commercial Energy
‘ Model Modifications to Explicitly
Treat Solar Space and Water Heating
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involves adding the second step, the solar/conventional
choice, to the model and providing a technology character-
ization function (e g., Figure I11-2) for solar with fuel
backup. , '

These modifications would have several benefits:

(a) Embodying solar options within the same model used
for conservation policy analysis and mid-range
forecasting

(b) Providing a. capab111ty'to simulate the impacts of
policies to increase the market penetration of
solar

(¢) Prov1d1hg the capability to simulate the 1mpscts of
policies which favor both conservation and solar
.energy. :

Data for the technology curves, life-cycle cost analysis
and consumer demand appear to be available from solar space
and hot water modeling analyses sponsored by DOE and inte-
grated into solar market development and commercialization
models. Such models include the DOE/Arthur D. Little Solar
Market Development Model, the DOE/Orkand Corporation Simula-
tion of Solar System Performance and Market Penetration Model
(SOLARSIM), .and the DOE/MITRE Corporation System for Project-
ing the Utilization of Renewable Resources (SPURR).* A major
effort, however, would be necessary to value the data fully
commensurable w1th ORNL commercial sector definitions and the
parameter estimates from different sources.

5. Alternative Energy Supplies - District Hedting

The ORNL Commercial Energy Model calculates consumption
of electricity, natural gas, fuel o0il, and other (primarily
coal and propane). It does not currently simulate use of
steam for district heating. Similarly, it does not evaluate
the market penetratlon of windmills, photovoltaic, and total
energy systems in the commercial sector : :

District heatlng systems prOV1de‘steam,-generally for
space heating of large apartments and commercial buildings.
This is available in 43 cities in the United States. Dis-
trict heating is apparently included within the other fuel

*Sources gzven in the szlzography See also Section K of
Hittman Associates, Inc., Major Models and Data Sources
for Residential and Commercial. Sector Energy Conservatzon

Analysis.
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use category in the current model, but the other fuel price
is the ‘price of propane and coal, which are quite ,expensive
relative to district heat where it is available.*

Several steps would be required to explicitly treat
district space heating within the ORNL Commercial Energy
Model. First, the floor-space fuel share equation for space
- heating would be modified to reflect district heating. The
district heating market share would need to apply to space
heating in limited geographical areas within the model's )
coverage; the market share would be multiplied by the fraction
of floor space where district heating is available. Market
share elasticities including district heating then would be
developed. Second, the model would be modified to accept an
input price of district heat. Third, technology characteri-
zation functions would need to be added for district heating
equipment and their efficiency levels. Fourth, the section
of the model which prints out forecasts would be modified to
display projected district heating.

6. Energy Conservation in Federal Buildings

The federal government is currently under executive
order to develop a 10-year program to undertake energy conser-
vation in federal buildings (Executive Order 12003, July
1977). 1Initial goals of this Federal Energy Management
Program (FEMP) are to reduce by 1985 energy use per square
foot by 20 percent in existing buildings and 45 percent in
new buildings relative to 1975 energy use.

In principle, the ORNL Commercial Model is well suited
to cost and the impact of predetermined or target efficiency
increases as given in FEMP. Target increases in efficiency
can be used to constrain:the minimum efficiency for new
buildings and (with the retrofit methodology of D.2 above)
for existing buildings. In fact the model can be applied
only indirectly, due in part to general lack of data on
energy use in federal buildings, and in part to the fact that
the model structure does not have a separate federal buildings
sector. ' ' :

_ Conservation input data such as energy use per square

foot are not available or not comparable across agencies for
either the building types or the agency as a whole. Without
building energy audit information, it will also be difficult

*District heating 1s included in the New York State version
but only for accounting purposes. It is not actually inte-
grated into commercial fuel use and investment behavior.
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to determine whether the energy consumption is due to build-
ings-related use or to other federal space use (e.g., military.
vehicle storage) operations. DOE is collectlng quarterly
energy-use data from all agencies and requires bu11d1ng
energy -audits. - When this data collection methodology is
worked out, this should provide the needed inputs for model
evaluation. In the meantime, application of the ORNL Commer-
cial Energy Model must rely on data from other bu11d1ng

types. S

In the ORNL model ‘federal buildings are spread among
several ORNL Commerc1a1 Model building types. "Jack Faucett
Associates has made estimates of energy use by regions for
federal. bulldlngs, these regional estimates reflect data from
federal agencies that use most of the energy in buildings.*
Office buildings, hospitals, and public buildings appear to
be the key federal energy users by ORNL commercial building
types. This approximation and estimates of future federal
_ building programs permit partial estimates of FEMP impacts

' The model could be mod1f1ed to accept input. estimates of
efficiencies or energy use for new federal building programs
for the appropriate ORNL building category. Estimates of the
federal fraction of floor space could yield the net savings
for FEMP alone. 1If the model were modified to .accept the
fraction of existing buildings retrofitted, as discussed in
D.2 above, the code could simulate in a 51m11ar fashion the
savings from programs for weatherization. The cost estimates
for the FEMP investments would be calculated from the model's
technology capital cost-efficiency curves, again reflecting
“the role of federal buildings in each building type.

‘When the energy inventory and audit of federal buildings
are satisfactorily completed, a separate federal building
category for the model could be created. There will still be
some difficulty in adjusting the historical data series on
floor space, but the accuracy of prOJectlng FEMP 1mpacts
could be con81derably enhanced.

Operational changes'in federal buildings, such as the
elimination or reduction of hot water for office buildings,
would require an exogenous estimate of the minimum energy -
utilization reduction to apply to the model's utilization
elasticity equation for each building type and end use. (See
Section D.3 above for additional discussion of this.) Again,
with present limited data, a percentage saving estimate would

:*JacE'Faucett Assoczates, Inc. Energg Consumption in Commer-
cial Industries by Census Division - 1974, FEA 1977. See
also Hittman Assoclates, Inc. Major Models and Data Sources
for Residential and Commercial Sector Energy Conservation
Analysis, Section D. '
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have to reflect the role of federal buildings in each build-
ing type considered. .

§

7. Energy Conservation - State/Local/Institutional .
" Buildings : -

Buildings -owned by state and local‘ overnment or in-
stitutions (e.g. nonprofit organizations% are probably placed
in several ORNL model .building types:

° Office

Q  School ]
° Health » 1
° Public administrétion

o Réliéioﬁs: .

o Miscellaneous.

Difficulties of model analysis are very similar to those in
federal buildings discussed above. The solutions, however,
appear to be somewhat simpler.

The model currently can simulate the impacts of a grants
program for schools and hospitals. For this, the model
accepts the years of the grants program and the expenditures
(grant) per square foot for schools and for hospitals (see
Section C.3 above). The model then calculates the efficiency
increases and simulates the impact of these grants on retrofit
thermal integrity.

Rough estimates have been made by Jack Faucett Asso-
ciates, Inc., of the -total national energy use by state and
local governments; these estimates have been scaled to Census
Regions using state/local government employment as a scaling
factor.* State energy conservation plans also reflect govern-
ment building data and state programs.** Some states require
utilities to report energy sales by Standard Industrial
Classification (SIC) Code**; SIC code indicates total govern-
mental activities and can be used to estimate state/local

*Jack Faucetl Associates, Inc. Enerqy Consumption in
Commercial Industries by Census Division - 1974, Federal

- Energy Administration, 1977. See also Hittman Associates,
Inc. Major Models and Data Sources...Section D. "End Use
Consumption Data Base.”

**Nevada Public Service Commission. "Nevada Energy Conser-
vation Plan,"” 1977.
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activities. A variety of special state studies, building
stock estimates, and commercial building energy surveys,
including the Nonresidential Buildings Interim Energy Con-
sumption Survey, provide separate state/local government
buildings energy use data.* Thus the data exist to estimate
_ energy use and building stock for state/local and institu-
‘tional buildings on a national basis and:could be compiled on
a regional or state basis. However, with the exception of
the grants program for weatherization of schools and hospitals
and of building energy efficiency standards for new buildings,
the ORNL Commercial Energy Model does not currently accept
building-type-specific conservation program inputs. '

The ORNL Commercial Model could be modified to reflect
state/local/institutional programs. A simple modification
would be to provide for an input annual fuel savings, by fuel
type, for these buildings in the total commercial sector.
This conservation program input could reflect state/local/
institutional programs or other programs not within the
model's current simulation capability. A greater degree of
.policy simulation capability would be achieved by providing
for an input percentage savings, by building type, along with
the fraction of each building type affected by the program.
The savings input would adpply to retrofit programs; programs
for new buildings can be incorporated in the building effi-
ciency standards inputs. A review of state/local/institu-
tional fuel use and building stock data would be needed to
determine appropriate program inputs for impact estimates.

8. Building Ownership and Energy Conservation --
Analysis of Renter/Landlord Effects

The ORNL Commercial Energy Model excludes residential
energy use within commercial buildings and excludes master-
metered apartments, which are commercial natural gas or
electricity customers. E :

However, commercial space is master metered quite often:
electricity for an individual office suite in an office
building is typically reflected in the rent, rather than
separately metered for each company occupying.the building.
Data in Table I1I-1, from an onsite survey of 500 California
commercial buildings, indicate that the extent of master
metering varies significantly between building types. Table
ITI-1 also indicates, for example, that the role of buildings
owned and occupied by the same firm is quite low for office
buildings but -high for hospitals. ‘

*See Hittman Assoc1atesé Inc. Majér Models and Data Sources
...8ection I. "Nonresidential Buildings Survey” for a dis-
cussion of the forthcoming results. '
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TABLE III-1. CALIFORNIA COMMERCIAL
'BUILDING OWNERSHIP AND METERING (%)

| Building Type N V Master Metered* - ; OwnerfOccupanﬂ**
‘Low-Rise Office . _ : 78 ‘ 9
Mid-Rise Office S92 '. . 18
High-Rise Office | o 6
Small Detached Retail S 9 o 45
Small Attached Retail ' 0o 3
Mid-Size Attached Retail S 11 : 11
High-Rise Department Store ‘>i>‘ ZYM, T 93
Refrigerated Warehouse : < 33 : . 17
Non-refrigerated Warehouse 29 | 29
Fast Food Restaﬁrant , 0 _ 32
Sit-down Restaurant - 30 A 5
“Small Food Stores : o 4
Lage Food Stores 7 ' 7
Hotels o | 44 . o
Motels S 0 ) - 6
Schoois | . : 17 | ' 80
Hospitals , 16 o 97
Repair Services (automofive) 54 54
Miscellaneous (telecommunications) 0 - 94
Computer Cedters 100 , 66
Gasoline and Service Stations 0 N _ 10

*Electricity BilIs included in rent/lease payment.
**Indicated ownership: nonresponse assumed to be renter/leaser.

Source: Hittman Associates, Inc., Commercial Building Survey
for California Energy Commission.
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Table I1I-2 shows that, for the same list of commercial
businesses, the prevalence of conservation activities such as
metering and ownership also varies significantly between
building types.

The ORNL Commercial Energy Model computes the efficiency
of new buildings using an input discount factor to determine
the minimum life-cycle cost .equipment efficiéency choice.
Operational response to fuel price increases is modeled using
an input set-of fuel price elasticities. To simulate differ-
ences in incentives for equipment selection (differences in -
role of owner-occupant) and for operational conservation
measures (differences in role of master metering), the model
could be modified so that the discount factor and fuel price’
elasticities could differ between building types. Differ-
ences between discount rates of the various buildings could
reflect differences both in ownership types and the propor-
tion that pay their own electric bills.

. Data for this simulation could be derived from data
sources-such as Tables III-1 and III-2.. Also, when available
early in 1981, the Nonresidential Buildings Interim Energy
Consumption Survey will indicate ownership, master metering,
and conservation behavior for all fuels, as well as measures
of energy prices and consumption. .

9. Utility Activities

Voluntary or prescribed actions for private and public
utilities to foster increased commercial energy conservaton
are only partially amenable to analysis with the present ORNL
Commercial Model structure. Several applications and exten-
sions of the model to incorporate these are given below.

This discussion incorporates portions of the analytical
discussions and several changes introduced in earlier sections
of this chapter:

a. Energy Audits. Energy audits permit building -
owners to be aware of retrofit conservation opportunities.

- However, with the exception of school and hospital grant
pograms, the ORNL Commercial Energy Model does not presently
simulate retrofit programs. To estimate the impacts of
retrofit weatherization programs, the model could be modified
to accept separate initial cost/annual energy use data for
retrofit of existing buildings and to accept an input frac-
tion of buildings retrofit. The model would determine the
savings from retrofit based on minimum life-cycle costs.

However, as would be necessary for analysis of most
utility programs, energy audit impact estimates on a regional
or national basis would require gathering data on the status
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TABLE II1-2. ELECTRICITY CONSERVATION
PROGRAMS BY BUILDING TYPE IN CALIFORNIA (%)

§

. Manage Manage @ Manage
- : Manage Manage - kW + Lighting Lighting
Building Type kW Load kWh Demand - kWh Only and kW  None
Low-Rise Office 4 0 23 19 2 52
‘Mid-Rise Office 0 0 43 ' 29 0 29
High-Rise Office 4 0 0 74 6 0 20
Small Detached Retail 0 8 - 0 33 0 58
Small Attached Retail 0 5 0 53 0 42
Mid-Size Detached : .
Retail 4 0 0 0 .35 5 60
High-Rise Department - : S C
Store , _ 7 0 0 0 13 80
Refrigerated Warehouse 0 0 0 29 0 71
Nonrefrigerated ' : , i
Warehouse 0 0 0 - 57. 0 43
Fast Food Restaurants 0 0 0 ' 5 0 95
Sit Down Restaurants 4 0 16 16 0 64
Small Food Stores 0 0 0 66 0 34
Large Food Stores 0 3 7 31 0 59
Hotels 9 9 18 -0 0 64
Motels 0 7 0 ' 20 0 73
Elementary/High School 9 2 3 16 0 70
College 33 0 17 - 33 0 17
"Hospitals 3 -3 42 48 0 4
Repair Services - 17 0 17 0 0 66
Miscellaneous 1 _2 1 _1 2 67
"TOTAL 4 2 18 23 1 52
Source: Hittman Associates, Inc., Commercial Buildings

Survey for California Energy Commission.
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of utility programs within the region. Regional impact
estimates would reflect both the effectiveness of programs
and the role and ratio of the participating utilities in
regional commercial energy sales.

b. Standards for New Utility Customers. Buildings
standards required for new utility customers in some utility
service areas can be simulated in a manner similar to the way
the model currently simulates the effect of building efficien-
cy standards (see C.1. above) Changes would be necessary,
however, to incorporate in the regional or national simula-
tion the role of the standard- settlng utility in regional.
commerc1a1 energy sales.

c. Changes in Rate Structure. The ORNL Commercial
Energy Model uses average energy prices to model the choice.
of fuel for new buildings and the operational response to
price changes. - Some utilities 'are changing from.declining
block rate structures to level and to seasonal rates, implic-
itly changing the price of energy for space conditioning use.
To model these changes, the ORNL Commercial Model could be
adapted to accept different energy prices for space con-
ditioning and noncondltlonlng uses.

d. District Heatlng. District steam heating of com-
mercial buildings occurs 1n geographically concentrated zones
within about 44 utility service areas.* The ORNL Commercial
- Model includes an "Other" fuel category, but the economics
generally reflect those of using propane, rather than dis-
trict steam. Since district steam is regionally limited in
availability, modeling district steam market penetration
could be accomplished by specifying a different fuel type
(steam) and an input market share, reflecting geographical
limitations. For service areas with steam available, market
penetration could be modeled using techniques analogous to
those for other fuels in the current model. That is, market
share elasticities would need to be developed consistent. with
the ex1st1ng elasticities, the model modified to accept the
input price of district heat, and the technology characteriza-
tion factors added for capital'cost efficiency trade-offs.

e. Prohibition on New Electricity Uses. Prohibitions
on new electricity uses, including electric resistance space
and water heating, cannot be simulated in the current ORNL
Commercial Energy Model. These programs could be modeled by
permitting the user to prohibit a fuel type for new bulldlngs,
forcing the market share to be zero for new buildings using
resistance heating. Alternatively, the initial cost/annual

*International District Heating Association, 1976 Statistical
Survey.
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energy use trade-off data could be modified to remove the
resistance option for new buildings.

f. Load Management and Electric Rate Changes. The .
ORNL Commercial Energy Model projects annual electricity use.
Utilities are participating in programs to reduce peak period
electric demand through load management (direct/remote con-
trol of building equipment) and time-of-use rates. To simu-
late these programs, a considerable model extension would be
required: :

" (1) Developing typical load profiles by building
type and end use -

(2) Developing an algorithm to modify the profiles
. reflecting load management and time-of-use
pricing policies :

(3) Developing a model to project commercial-sector
- energy demand with respect to these varying
rates.

: , It is possible to modify the ORNL model at the
utility service level to accept the sum of a fixed change in
time of use and load management as a net ‘change in the utili-
zation factor over the model's new time period (day or week).
This will not, however, account for future changes in rate
structure or new load management efforts.

g. Voltage Reductions. The ORNL model could be modi-
fied to simulate the impacts of utility voltage reductions to
commercial customers by inputting the percentage reduction in
electricity use as a maximum constraint to the utilization -
factor for each affected end use. The modification would be
similar to those suggested in Section D.2 for model changes
in operational factors.. ' :

10. Regional Energy Use and Conservation Activities

The ORNL Commercial Energy Model has been disaggregated
by federal region, states, and three regions within New York
State. -The version for the 10 federal regions is available
at EIA as the commercial model of EIA's Regional Energy
Demand Forecasting Model. (RDFOR) and as EIA's stand-alone
version, the Structural Commercial Energy Model. The state-
level version has been developed very recently for EIA by
Charles River Associates. Runs of this state model are
available but the structure of the model itself has not been,
documented. The New York State model was developed for the
“New York State Energy Office, dividing the state into three
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regions. An additional state version is under development by
the California Energy Comm1351on

Detailed documentation for the regional model is -avail-
able primarily for the federal region model: A Commercial
Energy Use Model for the Ten U.S. Federal Regions (Draft)
(Cohn et al., April 1979). This is the primary basis for the
discussion that follows. ' S

"Each separate region ‘of the federal region version, as
well as the state-level version, relies primarily on the
national model structure as described in Section B of this
chapter. . The federal region model does have distinct region-
ally estimated inputs for:

(a) Initial energy use per square foot by building fuel
and end use

(b) 1Initial floor-space fractlon by fuel type and end
© use .

(c) Floor space stock from historical regional construc-
tion

(d) Addition to floor space per building as a proxy for
capitial stock

(e) Elasticity parameters for fuel shares of floor
: space.

Several major improvements would be useful to better
differentiate regional responses and impacts. These are
discussed below..

a. Technology Coefficients. Estimates of equipment
capital cost versus energy use (efficiency) curves for heat-
ing, ventilating, and air conditioning equipment (HVAC) are
the same for all regions and the same as used in the national
model. For the national model, differences in climatic
conditions for the technology representation of HVAC equipment
were excluded since national variations in average heating
degree days and cooling degree days were relatively small.
Variations across regions and within individual regions,
however, can be considerable. For example, heatlng degree
days vary from a low of 2611 in the lower Western states to a
high of 7792 in the upper Western mountain states.

*From Cohn, et aZ.,'A Commercial Enerqy Use Model for the
Ten U.S. Federal Regions, ORNL/CON-40. April 1979, pp. 7

and 8.
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The relative efficiency of the equipment and,
therefore, choice of equipment should vary with the average
temperature. Relatively less-efficient equipment and build-
ing thermal performance would be expected in warmer regions.
Increases in fuel prices in these regions would generally be
expected to bring about larger efficiené¢y changes and greater
investment costs than in the cooler regjons. Therefore, in
the existing regional models, penetration of more efficient,
technologies would be biased downward for warmer areas. ;

Data for estimating these separate regional capital-
cost-versus-thermal-performance curves for buildings appear
to be available from the ongoing buildings energy use esti-
mates. An example is the DOE-2 model commerciaf building
runs for the Buildings Energy Performance Standards (BEPS)
analysis. Similarly, appliance data for the regional capital-
cost-versus-appliance-etficiency curves should be available
-from the appliance efficiency standards analysis at DOE (see,
for example, Technical Support Document No. 5, Energy Effi-
ciency Standards for Consumer Products, DOE/CS/BCS, %ay
1980), as developed from appliance analysis at Arthur D.
Little, Inc. _

b. Market Share and Utilization. Elasticity Estimates. -
The federal region version of the Commercial Energy

Model employs national elasticity estimates of overall fuel
usage and of overall fuel market shares where coefficients
are estimated from 1968 to 1972 state-level data on fuel use,
fuel prices, climatic variables, per capita income, and the
availability of natural gas.* There are insufficient degrees
of. freedom in the data to estimate state-level coefficients,
and only the national coefficients are available. As de-
scribed in Section B of this chapter, these ¢oefficients are
used to calculate the short-run utilization elasticity, the
long-run efficiency elasticity for non-HVAC equipment, and
the long-run fuel choice elasticities in the regional models.
The fuel shares and utilization will vary by region since
floor space, per capita income, and climatic conditions .are
variable in the equations. However, the actual behavior is
still based on the nationally averaged coefficients, and
relative behavior (elasticities) toward fuel price changes is
the same for each region.

Estimates to partially rectify this problem for the
same state-level data source might be available using regional
level slope and intercept variables to adjust these elasticity
and intercept estimates in the fuel usage equation. Whether
these estimates would be statistically significant requires
further analysis since, with only four years in the pooled

*See Cohn et al., op cit.
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staté-level cross-sectional data, estimation techniques
are limited and certain biases in the estimated coefficients
might occur. :

c.. State-Level Analysis. The 10 DOE region version of
the ORNL model is an ongoing, regularly updated entity used
for analysis at EIA (as the Structural Commercial Energy Use
Model) and as part of the DOE Midterm Energy Forecasting
System (MEFS); this is additionally running at a number of
other institutions as well as at ORNL. However, similar
application of the state-level model has not occurred at DOE
since state-level data forecasts and inputs have not been
high priority. o . :

The state-level model is. available through DOE-
sponsored development by Charles River Associates. Although
documentation is not yet available, the state-level dis-
aggregation and estimates of inputs and coefficients presum-
ably parallel the regional version. State-level data are
already employed for the regional version estimates of floor
space, fuels, and energy use. ‘

, The state-level analysis of commercial energy
demand can be of considerable importance to energy conser-
vation policy and planning. Recent application of the model
to New York State and in California indicates  that some
statés do value the potential that this model offers for
their state-specific conservation planning. To enhance this
interest and strengthen the modeling effort, more interest in
state-level forecasts would need to be forthcoming from DOE.
Efforts would have to be made at EIA to collect and project
state-level input data for the simulations. Reestimation of
the elasticities and the technology characterization at the
state level could follow after initial interest and evaluation.

11. Technical Improvements in the Structure of the
Base Case of the ORNL Model '

The specification of the base case of the ORNL model
could be improved by refining the input data and by improving
thé model's algorithms and coefficient estimations. A recent
review of the model found

"The disaggregated [ORNL Commercial Model] struc-
ture is currently better than the data and econo-
metric results used to quantify the model. ...

The paucity of necessary demand data ... and other
data inadequacies have forced the model to rely at
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times on ad hoc estimates and specifications;
though these have generally indicated the direc-
tion for necessary data development."*

Suggestions for several of these areas are given in the
following: ' '

a. Technology Characterization of Building Performance
- and Equipment Efficiency. The model is designed to

accept technology characterization functions which relate
initial system costs te annual energy use. These can be used
in a minimum life-cycle cost framework to select system '
efficiency improvements and capital cost for new buildings
and equipment. In the earlier versions of the model in fact,
(Jackson 1972, CON-15) no such characterizations were in-
cluded. The current EIA version includes technology charac-
terization fuunctions for each fuel type for HVAU systems.
The most recent improvements in Lhe model appear to include
technology characterizations for each fuel and for three ‘
ieparate end uses -- space heating, space cooling, and venti-
ation. - ‘

For the EIA version, differentiation of the capital
cost vs. efficiency trade-off curves by building type is not
developed by explicit engineering measurements. These are
differentiated only by conservation improvement costs per
square foot. The latest model version does distinguish
separate characterizations for the four major energy-using
building types -- retail, office, health care, and educational.

' In each version, efficiency changes in end uses
other than HVAC can only be calculated from usage elasticity
estimates using the long-run overall response to fuel price
changes and their netting out the short-run price response
and fuel switching. There is some question whether such ‘an
efficiency elasticity based on responses to historical prices
is applicable to future technology decisions.

A It should be noted that the ORNL treatment of
technology combines the building thermal performance and the
end-use efficiencies into one cost-versus-efficiency trade-off.
These e..'s are building and equipment efficiencies. Improve-
ments ifi'the technology curves include the building improvements
as well as equipment purchases.

Improved and expanded estimates of technology
characterization functions can be estimated from existing
methodologies and data. Johnson and Pierce, 1980, modeled
and analyzed commercial buildings using the NASA Energy-Cost

*Hartman, R. T"Frontiers of Energy Demand Modeling."” In:
Annual Review of Energy, Annual Review, Inc., 1979, p. 455.

111-42




g Analysis Program (NECAP). These were used to develop the
most recent ORNL functions. Models such as DOE-2 could also
provide analysis of energy saving and capital costs for

1 building, fuel, and end-use-specific conservation changes.

| In the future, it might be possible to integrate a simplified
: - engineering buildings energy analysis model directly into the
. - ORNL structure to provide more detailed and accurate efficien-
i - Cy versus cap1ta1 cost analysis.,

b. Energy Use per Square Foot The ORNL Commer01a1
_ Energy Model data base includes initial year energy use per
| square foot by end use, by fuel type, and by building type.
; These data were developed based on a H1ttman Associates,
- Inec., survey for the Baltimore area.

, There are now more recent detailed bu11d1ng survey

data from other Hittman studies of Callfornla cities and

several Midwestern states and. additional statistics from

studies performed by other groups. These data could be used

to develop more acurate estimates of energy use per square

\ foot. As ORNL did, the revised estimates could be checked

f for consistency with total commercial end-use and initial
market shares, by fuel type. The Non-residential Building

Energy Consumption Survey would also prov1de data to verify
these estimates.

. C. Commercial Sector Behavior and Fuel and Invest-

, ment  Decisions. The current versions of the ORNL

; . Commercial Energy Model portray investment decisions for new.

; "systems" (energy efficient equipment, fuels, and building
thermal shells) in the form of two elastlcltles -- a fuel
market share elasticity from econometric estimates, and an
efficiency elasticity from technology characterizations,
minimum life-cycle cost behavior, and market penetration
functions. 1Ideally, these two decision functions should be
combined. ' '

(1) The model's market shares analysis for each

- fuel currently depends on relative fuel pr1ces
The commercial-sector investor, however,
should make fuel choices depend also on com-.
parison of alternative fuels and equipment

" costs and his discount rate for future versus
present energy savings. A minimum life-cycle
cost framework is implicit in this.

: *Hittman Associates, Inc. A Physical Characterzstlcs, Energy
; L . Consumption and d Related Institutional Factors 1n the Commer-

c1a1 Sector, HIT-630
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(2) The model's. equipment efficiency estimates
portray equipment and conservation technology
investment decisions based on minimum life-
cycle cost from future operating costs versus

- equipment price trade-offs. The model must
assume some implicit discount rate used by the
commercial sector to assess the present value
of future energy savings. Estimates of this
discount rate are probably best observed
through econometric estimates of the param-
eters affecting capital cost versus fuel price
and operation costs decisions. ;

Estimates of a combined fuel-equipment decision
would probably involve a discrete choice model which would -
estimate the probability that any particular system would be
chosen.* Data from a detailed survey of investment decisions
could permit such estimates. These would include fuel prices,
discount rates revealed in investment decisions, and equipment
and building technology characterizations for the given
location. Such data do not currently exist, but innovative
approaches to data development indicate that perhaps "synthetic"
data could be created using the minimum life-cycle cost ‘
algorithm and the statistical distribution of input wvariable
- for that algorithm.

: In the meantime, both the fuel market shares analy-
sis and the equipment efficiency choice analysis in the model
can be upgraded. In the fuel choice analysis, the proper
fuel price variables should include some measure of price
expectations. Also, inclusion of the relative equipment
prices of alternative-fuel equipment and measures of relative
fuel availability should enhance the estimates. For equipment
. efficiency choices, additional empirical studies on discount
rates would at least permit differentiation of this rate
among building types and owners. ~

d.. - Floor-Space Additions. - Floor space is used in the
model as a highly reliable proxy for energy-using capital
stock in commercial buildings. Until very recently, floor-
space additions in the ORNL Commercial Energy Model were
estimated for each building type as a fraction of population,
per capita income, and per capita income squared. This
equation, and particularly the per capita income squared
term, tended to give very large floor-space projections for

*Based on discussion on rates with Dr. Jackson, July 8, 1980,

on current research prospects at Georgia Engineering Experi-
ment Station. :
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high-income growth scenarios. Also, estimates of the coeffi-
cient of the model were difficult to replicate at the state
level . *

. Fortunately, ORNL has developed new estimates in
CON-40 (Cohn et al., 1979) using log linear relationships
between floor space, population, and per capita income. This
lowers the year 2000 forecast of floor space by 30 percent in
comparison to the earlier procedure. It is important that
this update be included in the model versions which are used
for commercial-sector energy conservation program and policy
analysis. :

.There are, however, additional functional forms and
explanatory variables which could be used to estimate floor-
space additions. Studies for the California Energy Commission
(CEC) found that the best floor-space forecast results were
estimated by using a stock adjustment model. This relation-
ship, though not fully tested by CEC, effectively measured
building construction rather than stocks. Exploratory var-
iables used by CEC included an index of building construction
costs, interest rates, real personal income, and school age
population. Building-specific variables such as automobile
projection for garages or patient bed requirements for hos-
pitals could also be important for better forecasts.

Since long-run projections for total energy use
from the model are quite sensitive to the floor-space fore-
- casts, additional research for the ORNL model in this area
could be important. Conservation policy analyseées where floor
space does not vary, are, of course, less sensitive to the
levels of floor space projected.

e. Building Categories. The ORNL national and regional
versions address energy use in only 10 building types. These
appear to be highly aggregated where, for instance, the
retail-wholesale category combines grocery stores, restaurants,
department stores, and liquor stores. While many individual
commercial categories are not large energy consumers as a
proportion of total commercial buildings energy use, they can
have significantly different energy use characteristics.**
Additionally, new building types such as computer data cen-
ters may have high energy use and rapid rates of market

*Lann, Bob, Conversations with R. Fullen, HAI, April 13,
1978. T

**See, for example, Hittman Associates, Inc., "Physical
Characteristics, Energy Consumption, and Related Institu-
tional Factors in the Commercial Sector” for differences
1n energy use among building types.
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penetration. Energy use estimates to disaggregate many of
these ORNL building categories are available from building
surveys such as that for Baltimore by Hittman Associates, and
data from Jack Faucett Associates.*

A f. Equipment Decay Rates. The distribution of equip-
ment lifetimes or conversely the equipment decay or retire-

- ment rates play an important role in the ORNL Commercial
Energy Model. In the current versions, equipment efficien-
cies are usually changed only for equipment purchased for new
buildings, or for replacement of retired equipment. The
model assumes that all equipment has an 18-year lifetime and
that all are exchanged on the 18th year. Thus, buildings of
a particular age have only one age of appliances at any one
time. This offers certain calculational conveniences for the
model but is obviously far from realistic. Whether this
makes a difference in the simulations depends on whether
equipment purchases are "lumpy" in quantity and efficiency
characteristics over time. If so, then these could show up
at 18-year intervals. Empirical evidence from the model
indicates that such uneven equipment purchase behavior is
probably not prevalent. But, obviously, energy conservation
programs or conservation responses would bring about some
unevenness in efficiency levels which could affect future
year simulations.

Two first steps are necessary to correct these
decay rates.

(1) Allow different lifetimes for different appli-
ances. (Eighteen years was taken from heating
equipment.) '

(2) Allow a distribution of appliance retirements.

These would of coursc greatly complicate the model's
accounting as vintaged appliance distribution by efficiency
would need to be tracked for each vintaged building type.

An important future refinement would be to model
the actual retirement behavior. Equipment can and is retired
before its lifetime in order to purchase more energy-efficient
models. This retirement (retrofit) choice should be a func-
tion of new equipment price, fuel price, present equipment
efficiency, and discount rate. A minimum life-cycle cost
analysis framework similar to that used for new equipment
choice is suggested for this decision-making process. There
are, however, significant difficulties in using this in the

*Hittman Assoclates, op cit, and Jack Faucett Associates,
Inc., Energy Consumption in Commercial Industries by Census
Region - 1974, FEA, 1977.
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current model structure, and a linear programming approach
outside the model might be appropriate.

g. 0il and -Gas Predictions. The ORNL Regional Commer-
cial Energy Model shows considerable error in its o0il and gas
projections when the model is validated with historical data
for 1971-1978.* The reason for these errors is primarily
that gas service to commercial customers is interruptible
during fuel shortages. O0il is often used as a substitute; in
fact oil plus gas have much lowered prediction errors.
Prediction of these 1nterrupt10ns has been and will continue
to be difficult.

An additional fuel availability factor may, however,
exacerbate these problems -- the accessibility of gas hookups
for housing constrains fuel choice. .The present model does
not account for these hookups directly in- the fuel choice
equations.

Data from the Non-residential Building Interim
Energy Consumption Survey and future such surveys will collect
gas hookup data. This should assist reestimations of field
use equation to provide a basis for future projections.
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‘commercial buildings energy demands. This chapter discusses

IV. BROOKHAVEN BUILDING ENERGY
CONSERVATION OPTIMIZATION MODEL (BECOM)

A. Introduction

The Brookhaven National Laboratories (BNL) Bulldlngs
Energy Conservation Optimization Model (BECOM) is a major
tool for evaluating policy and program options affecting
technological choice-and energy use to meet residential and

the model's basic structure and presents applications in
order to assess its most effective role in addressing future
issues of building energy conservation policy and analysis.

Given below are a brief. background to the model, its

-use, and a summary of the findings of this report. The two

major sections of this chapter then expand on these, first
with an overview of present model structure, and then with an
examination of BECOM's potential appllcatlons and its basic
strengths and limitations.

l..' Background

BECOM is an extension of the Brookhaven Energy System
Optimization Model (BESOM), designed to provide detailed dis-
aggregation of end-use energy demands in the residential and
commercial sectors. Both models are linear programming
optimization models concerned with distributing specific
energy supplies to points of final energy demand. Their
objective is to meet the energy demands at all intermediate

‘points at minimum cost by selecting combinations and operating

levels of energy technologies with the lowest total cost.

In BECOM the choice and operating levels of the preferred
technological configurations in residential and commercial
buildings are the products of this minimum cost optimization.
These results are used to project, analyze, and evaluate the
effects on energy use of conservation actions affecting the
efficiency of conventional and proposed energy-related tech-
nologies, their costs, and their fuel inputs and prices. For
any designation of building stocks, fuel prices and availabil-
ity, and other constraints on technological availabilities,
BECOM calculates the optimal combinations of technologies to
meet specified residential and commercial final energy demands.
The basic model considers 25 energy conversion technologies
and eight building structural technologies. These can be
combined with nine residential and commercial building types
and six energy end uses across four regions of the country.
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The basic operational version of the model develops runs
for one year (or a given time period) at a time. This ver-
sion is operational at Brookhaven National Laboratories
(BNL). An adaptation of this has been developed for New York
as the New York Brookhaven Energy Model (NYBEM). For both of
these versions, projections over several time periods require
repeated runs of the model. A developmental version is in
progress to . provide programmed multiperiod projection capabi-
lities. At this time neither the operational nor develop-
mental version of the model is available except at BNL,
though the operational version can be accessed through com-
puter time sharing and cooperative efforts with BNL staff.
The future transfer of the model's capability for operation
by other institutions in addition to BNL is planned, but no
funding to accomplish this presently exists.

‘BECOM has been used extensively to help analyze the
policy implications of various DOE euergy conservation pro- °
grams. These include particularly programs related to im-
proving energy efficiencies of energy-using equipment in
residential and commercial buildings and to providing stand-
ards for increased building thermal performance. Additional
applications include assessing the potential market penetra-
tion and conservation impacts resulting from the introduction
or proposed support for new energy-using (-saving) designs,
equipment, and materials. '

BECOM is an outgrowth of the Reference Energy System and
the BESOM development at Brookhaven over the last decade.
The motivation and general methodology for this work is given
in two BNL reports, Sourcebook for Energy Assessment and
Brookhaven Energy Systems Optimization Model - Methodology and
Documentation.. The basic description of the present BECOM
model is. documented in Carhart et al., 1978, The Brookhaven
Buildings Energy Conservation Optimization Model. The Least
Cost Energy Strategy, Technical Appendix, Carhart, 1979,
provides an 1llustration of BECOM analysis for major energy
conservation measures.® The work is ongoing, and there have
been various minor updates and revisions of the model to meet
the requirements of specific applications.

These documents, together with discussions with the
authors of the model and with BNL scientists and DOE planning
%nd programs staff, form the basis for the analysis that

ollows. o '

*Additional summary information on the model structure, policy
variables, model iInputs, outputs, data sources, and accessi-
bility are introduced in an earlier publication, Major Models
and Data Sources for Residential and Commercial Sector Enerqy
Conservation Analysis, Section B, "BECOM.”
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2. ‘Summary.of Findings

BECOM provides a linear programming framework for analy-
zing and quantifying the direct impact of energy conservation
policies and energy prices on the flows of energy within the
residential and commercial buildings sector. The focus of
the model is on the least-cost choice of energy conserving
buildings, structural and energy conversion technologies
which satisfy the sector's demand for energy sources. This
" permits analysis of government policies and programs that
promote implementation of the technologies or regulate their
acceptance. These may then be evaluated by specific building
types and end use on the basis of fuel use and savings, and
of technology penetratlon rates,

a. Policy Variables. Policy variables which can shape
the technology choice and direct the model toward specific
energy use and/or technologies include:

(1) Prices of energy inputs

(2) Capital costs for buildings structural and
. equipment conservation investments-

l(3) Efficiency levels for structures and equipment
(4) Energy supply and demand constraints.
b. Current Applications. Some of the buildings energy

conservaton issues and program areas. for which BECOM can
provide information include:

(1) Energy conservation retrofit for buildings.
All existing structures are candidates for
retrofit in the model; the comparison of fuel
consumption (heat loss) in existing buildings
to the alternative annualized purchase price
plus reduced fuel use due to upgraded installa-
tions and materials determines the retrofit
decision.

(2) Appliance retrofit. Early retirement of
existing energy conversion devices is also
determined by comparing existing equipment
fuel consumption to purchase and operating
cost of their possible replacements.

(3) Thermal performance standards for new buildings.
These are represented by contraints or specific
-building technologies which can be considered
for the least-cost solution.
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(4) Energy efficiency standards for appliances.
Similiar ‘to the thermal performance standards,
these constrain the choice of technologies
available to convert energy into end use
services. The retrofit replacement choice in
the model can also be affected by these standards.

(5) Fuels pricing policies. These raise operating
costs and provide incentive for higher cost
but higher efficiency technologies to be found
cost effective. . -

(6) Tax credits, low interest loans, and subsidies.
These  lower the effective annual capital costs
of targeted conservation technologies.

(7) Technological innovations. Market penetration
for new technologies can be promoted as subsidies
or tax credits for research, development, and
implementation which raise new technology
efficiencies or lower their capital costs.

c. - Extensions and Limitations of BECOM for Specific
Energy Conservation Issues. BECOM is an excellent

tool for investigating certain aspects of the roles and
determinants of technology choice for buildings energy conser-
vation objectives. There are a number of areas, however,
where the current specification or use of the model could
limit its application for energy conservation analyses. Some
of these are listed below and, from these, an enhanced role
for BECOM in energy policy analysis can be suggested.

(1) Behavioral Analyses and Demand Forecasting.

BECOM is not a demand forecasting model in a sense

- comparable to the ORNL residential or commercial energy
models. Pricée changes are evaluated only as they affect
the least-cost paths; otherwise, behavioral prices and
income responses are not analyzed. Least-cost behavior
may not reflect actual consumer behavior, and thus while
indicating policy-relevant information, the "forecasts"
could be misleading. '

Some of these behavioral responses might be
~anticipated exogenous to the model by the BECOM analyst.
Endogenous to the model, the model's discount rate can
be used to reflect actual consumer preferences for
future energy conservation savings and thus provide
"simulated" rather than "optimized" forecasts. Modifica-
tion to allow the discount rate to vary, for instance,
across building types, regions, or end uses would simulate
a still further range of behavior. With this, changes
in credit term and provisions for energy credits and
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conservation awareness programs could also be better
analyzed. B

(2) Buildings and. Over-Specific Disaggregation.
Most published analyses with BECOM have used the model's
originally specified levels of buildings disaggregation.
But the model disaggregation can be expanded beyond this
by defining building types within the existing protypical
building categories. Office buildings, for instance,
could be divided into public and private, with the same
reference building descriptions but potentially different
technology levels and operational characteristics.
Policy measures could then be targeted to more specific
building categories and, if the discount rate were also
. permitted to vary by building type, this could be used
to reflect building- or occupant-specific behavior with
such diaggregation. Potential categories for additional
analysis could include owner-renter status, master
metering status, income levels of occupant, and federal,
state, and insitutional building conservation measures.

" (3) Linkages to Other Models. BECOM is itself
constrained to analysis of energy flows within the
buildings sector. Fuel inputs to the sector and the
sector's final demands are fixed for the analysis. It
is possible, however, to link BECOM to other models that
extend its implication to other energy and economic
sectors. For example, use of BECOM with the BESOM model
can provide an interface to the rest of the energy
sector; the BNL/Dale Jorgenson long-term energy economic
model can provide prices and final demand inputs to
BECOM from the.rest of the economy, while the Illinois
input-output model linked to BESOM can translate BECOM-
derived efficiencies and energy flows into requirements
for goods and services in the rest of the economy.

(4) Shadow Prices. Shadow prices are an output of
a linear programming. framework such as that used in
BECOM. These are the dual variables associated with the
constraints of the model. For BECOM they give the
opportunity cost (in terms of the minimum cost solution)
of changes in fuels supplied to the sector, demand
requirements, or technological constraints on the model.
There has been little use of the BECOM shadow prices for
policy analysis because applications have not focused on
varying the constraints. However, if, for example, a
~decision were being considered to cut back on a .fuel
supplied to the building sector, then this choice could
be guided by the shadow prices associated with each fuel
supply constraint; a shadow price would be indicative of
the value of the change in availability of that fuel as
it is allocated in least-cost manner with the building
sector technologies to meet the final demands.
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(5) Data and Parameter Updates. BECOM currently
uses 1975 as a base year for its analyses. More up-to-
date base year information would increase the relevance
of the model for current policy analysis, since it is
- that .year's technologies, costs, and fuel use pattern
against which the model determines projected levels of
investment and technologies. An update to 1977 is to be
undertaken jointly by BNL and Oak Ridge National Labora-
tories (ORNL). Provisions for future updates and for
synergistic use of the Oak Ridge demand models forecasts
with BECOM least-cost scenarios would directly facilitate
the role of BECOM to complement the present use of ORNL
models in energy policy analysis and forecasts for DOE.

(6) Multiperiod Analysis. BECOM provides its
optimization for only one time period at a time. Multiple-
period analysis requires multiple runs of the model,
with respecification for each later period's technologies,
new and existing building stock, efficiencies, etc. A
more standardized and systematic approach is needed in
the form of a time-stepped version of the model. Problem
areas in doing this include: (a) treatment of consumer
knowledge !or expectation of future prices and technologies
as these change from one optimization period to the
next; and (b) the BECOM accounting for housing and
appliance vintages from one period to the next.

(7) Model Transferability and Accessibility.
Despite its value to energy planners, BECOM is used very
little except by BNL staff and the model's developers.
To assist the model's broader application, several steps
are needed: (a) the computer model should be transferred
to run at other installations; (b) the model should be
documented in a users' manual for step-by-step explanation
of setup, runs, data inputs, etc.; and (c) ar the cost
of some flexibility, various analysis and input procedures
should be standardized, such as those multiperiod analyses,
and definition of building types.

(8) "Additional areas.

(a) Building and Appliance Age and Retirements.
There is no age or vintage specification for buildings
or appliances in BECOM. The model assumes these have .
fixed lifetimes and are retired as a fixed annual percent-
age in inverse proportion to their lifetimes. These
simplifications ease the model accounting at the cost of
precision. -Generally, major problems and discrepancies
will occur only when disproportionately large numbers of
investments are made at one time. The pragmatic solution
is simply to be observant of such occurrences.
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(b) - Salvage Values of Equipment. BECOM .
considers as sunk costs the value of existing equipment.
For equipment -which does have salvage value, the number
of calculated retrofits. are underestimated; the salvage
value should be subtracted from the new investment
costs. However, without the model's accounting for
equipment age and purchase date, general attribution of
salvage value would be difficult; but this could be done
for specific appliance categories where the salvage
value might be significant.

B.  Overview of the BECOM Model

1. Basic Modél Features

BECOM is-a representation of the technological and
economic cost features of the energy flows within the commer-.
cial and residential buildings sectors. The model selects
combinations of energy-consuming technologies according to
various cost-minimizing criteria within a linear programming
framework. For any designation of building stocks, fuel
‘prices and availability, and other constraints or technolo-
gical availabilities, BECOM calculates the optimal combina-
tion of available energy-using Lechnologies to meet the
specified residential- and commercial-sector final energy
demand. This is expressed in terms of levels of market
penetration of specific technologies. The basic model con-
siders 25 energy conversion technologies and eight building
structural technologies as these might be combined in nine
-residential .and commercial building types and six energy end
uses across four regions of the country. '

BECOM is designed as a linear programming optimization
model. Mathematically, the model is formulated as a modified
transportation/transshipment problem concerned with distrib-
uting energy from specific supply centers to points of demand.
The objective is to meet energy demands at all destinations
at minimum cost. The model accomplishes this by determining
the lowest-cost technology that can be used to the fullest
~exXtent possible to meet these energy demands.

Figure IV-1 provides an example of the structure of
energy flows and conservation technologies for residential
space heat for each region. Figure IV-2 provides a similar
example for commercial-sector air conditioning. The BECOM
structure for other end-use applications in the residential
and commercial buildings sectors is similar to those shown in
these figures.
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Figﬁre IV-2. BECOM: Structure of Commercial Air Conditioningb
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. The energy demands described by BECOM are energy require-
ments given for each specific market. For the example in
Figure IV-1, in the residential sector, the space heating
requirement for single-family homes in the Northeast is one
specific point of energy demand. The extent to which any
given technology can be utilized to meet this energy demand,
that is, its market penetration, is determined in the model
by the existing constraints on its use. . These constraints
are defined through equations which establish the limitations
of resource availability that affect the production or imple-
mentation of a technology. These and other constraints are
described more fully in 3. :

BECOM may be run simultaneously with or independent of -
BESOM. BESOM optimizes technology choice and energy flows
for a detailed representation of the energy supply system;
BECOM further disaggregates the fuel demands for optimized
flows in the buildings sectors. If BECOM is run independently
of BESOM, assumptions concerning the availability of fuels
‘must be made, which serve as the information on energy supply
for the residential and commercial buildings. When, instead,
BESOM is used to provide fuels supply data to BECOM, the
constraints of both models are included in the analysis.

The analysis uses nine prototypical or reference build-
ings (four residential, five commercial) for which heat
losses or service . demands are calculated from accepted indus-
try and architectural procedures. These are conceived for
prototypical cities in each of four regions of the country
with appropriate heating and cooling degree days. Fuel
demands are then calculated using average utilization effi-
ciencies in the building. Costs and efficiency changes
postulated for representative (policy-determined) technology
‘measures then permit the model to calculate and compare
‘optimal (usually optimal for the least-cost objective) con-

- figurations of investments and utilization of all technologies
to meet the given final end-use demands for energy.

2. Sectoral Detail

BECOM provides end-use detail for residential and commer-
cial buildings. It explicitly models 25 energy conversion
technologies, such as burners, heat pumps, electric motors,

" condensers, blower fans, and light bulbs and other lighting
equipment; and models eight structural technologies such as
the building envelope, pipe and heater insulation, and appli-
ance performance levels.

These energy conversion and structural technologies can

be used by nine residential and commercial building types. -
Each of these residential and commercial building categories
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includes two subcategories: retrofit (ex1st1ng) buildings
and new construction. The residential bu11d1ng types include:

(a)
(b)
(c)
(d)

Single-family detached homes

Low-density dwellings

‘Multifamily high-rise buildings |

Mobile homes.

Commercial building tYpes include:

(a)
(b)

(c)

(d)

(e)

_HOSPltals, including all health care facilities,
_private and -public

Schools, including classrooms, laboratorles, and
libraries

Offices, including general office space; state,
local, and federal administration buildings; and

banks

Retail, including malls and general mercantlle
bulldlngs

Mlscellaneous, including hotels, motels, churches,
service stations, recreational faC111t1es, and |
other commercial buildings not included in the

: above four categories.

' A In the basic version of BECOM, each of these residential
and commercial building types is analyzed for each of four
regions and each of six energy end uses. The four regions

.are:

(a)‘
(b)

(c)
(d)

Northeast
North Central
South

West.

The six energy end uses include:

(a)

(b)

Space heating

" Air conditioning
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(c) .Wéter heating

_(d) Cooking |

~ (e) ‘Appliance loads
(f) _Illumination 16ads;

Using the building structures and the regional and
end-use detail in the residential and commercial sectors
described above, the BECOM energy demand analysis considers
‘allocations of a number of fuel types. Data concerning the
availability of these tuel types are obtained eitlher by
assumption and policy constraints or through the use of the
BESOM energy supply analysis. These fuel types include:

(a) Naturalvgas

(b) 0il

(c) Coal/fossil fuels
(d) Electricity

(e) . Solar.

The analysis of the energy flow is accomplished through
a detailed flow network that represents technologies in
buildings in one of the four regions, and an aggregated
demand representing the energy requirement in the other three
regions. This is done for each region so that a national
energy flow projection is developed. Outputs are then given
at three levels of aggregation: '

(a) Energy demand by building type, including both
retrotitted and new buildings, by fuel conversion
technology )

(b)- Summation of énérgy flows, done separately for
residential buildings and commercial buildings, by
fuel conversion technology

(c) Net energy demand for each sector énd region, by
- fuel and end use.

~In addition to these outputs, the investment (in 1975
dollars and in units installed) in energy-related devices and

structures is summarized during the period from 1976 through
the case year.
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3. BECOM Analytical Structure, Constraints, and Data Inputs

a. Heuristic Description. The equations for the BECOM
structure are given 1in detail in Carhart et al., 1978, The
Brookhaven Buildings Energy Conservation Optimization Model.
The following will summarize these in energy-economic. terms.
Figure IV-3, together with Figures IV-1 and IV-2, provides a
simplified illustration of the model flow. 4

(1) Energy Flows. In the model a commodity called
- energy can be visualized as flowing or being transferred
. from its ‘initial fuel sources (fixed supplies) to meet
- its final building service demand requirements (warmth,
hot water, etc.) through various paths which involve
“energy conversion devices and building or equipment
structural technologies.

(2) Energy Efficiencies and Conservation Investment
Costs. As energy is employed by a conversion

device or in a related structural shell, a percentage is
expended or lost. These operating or fuel costs are
noted in the model by the conversion efficiencies and
structural heat loss efficiencies. Purchasing new
devices or structures, or making conservation retrofit
investments for existing ones, can increase these ef-
ficiencies at thc expense of added capital costs. The
model evaluates the cost of these investments as the
annualized payments necessary to pay off the purchase
and installation price.

-~ (3) Optimum Choice of Technologies. Decisions
determining which of the available conversion devices
and structural shells to employ are made using a least-
cost optimization procedure. Given the final energy
services demanded, the available fuel supplies' and other
™~ constraints on choices (see below), the optimization
. procedure chooses the combinations of equipment and
structures for each building that yield the lowest total
fuel plus annualized capital costs. 1In effect, this
means that investments in energy-conserving equipment
and structures are purchased up to the point where the
increased annualized capital costs are just matched by
the lower fuel cost resulting from the increased efficiency.

b. BECOM Constraints. From all conversion devices,
structural shells, and associated costs and efficiencies
input to the model for a particular market, BECOM's linear
programming algorithm chooses the lowest-cost technology
combinations and implements these to the maximum level per-
mitted by the system constraints. These constraints are
detailed below. o ‘
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(1) Demand Constraints.  These provide the final
demands that must be satisfied by the energy flows of
the model. They are given for each end use and building
type and represent a specially defined term, "basic
energy demand." This is the amount of energy required
to support an end-use activity (space heating) at levels
determined as nominal in 1975 for that end use and
reference building or thermal shell. For instance, the
energy flow for air conditioning of offices must equal
the theoretical air conditioning load for the total
'stock of office buildings.

(2) Supply Constraints. These are su} xled either
from BESOM results or given exogenously ; ey limit the
amount of fuels that may be used in a planuing year
either in total use or for a specific purpose within the
residential and commercial sectors.

(3) Minimum Residential Stock of Buildings. This
assures that the model's energy accounting provides for
the actual number of buildings. For example, for mobile
homes, the number of mobile homes heated by electricity
in any given year must equal the number that actually
existed in the base year minus the number of removals
from the base year to the year in which the analysis is
<performed

(4) Fuel Market Shares for New Construction.
Exogenous projections of new housing starts by fuels
provide the constraints for the market shares of oil-,
gas-, electric- and solar-heated housing or commerc1al
units. . These generally provide bounds within which the
model can vary the fuel choice for minimum cost.

(5) Seasonal Load Balance. This constraint ensures
that for each building type, the heating, air conditioning,
thermal, and appliance loads for each 'shell, such as
hospital building thermal envelopes, are balanced.

(6) Seasonal Operation Constraints or Heat
Pumps. Heat pumps are constrained to a ratio
of heatlng ang cooling equal to the ratio of heating/ -
cooling loads for the specific shell, building type, and
region, such as multifamily building envelopes in the
North-Central region.

(7) 'Backup Requirements for Solar Energy Uses.
These constraints reflect energy requirements which
protect against conditions when insolation is insuffi-
cient to provide energy from solar collection and storage
alone.
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(8) Solar Space Heating Use with Solar Air
. Conditioning. This recognizes that solar air
conditioning is never used by itself.

(9) Solar Hot Water Heating Use with Solar
Space Heating. This ensures that buildings
. that employ solar space heating derive their hot water
- from the same system. '

c. Input Data. The BECOM structure is determined by
the energy flow network for building energy use and by the
optimization criteria and the constraints to demand supply
and technical structure. These were introduced above. The
final element necessary for BECOM buildings conservation '
analysis is the performance and cost data used to quantify
the analysis. Major data categories include:

(1) Building stocks
(2) Theoretical building loads
(3) Shell or structural efficiencies
(4) Conversion device efficiencies
(5) Technology costs

A'(G)} éuilding market éhares by fuel .

The major data source for BECOM has been the Arthur
D. Little (ADL) data base for buildings.* These evolved from
the ADL Project Independence studies where prototypical
buildings and their climatic conditions and energy loads were
developed.** . , 4 ,

(1) Building stocks. These include inventory data
for the year 1975, removals and new construc-
tion for years 1976 to 2000, and total building
stocks. Residential building stock by four
types is given in number of units; commercial
building stock by five types is given in
number of square feet. '

*A compilation of much of the earlier and recent ADL buildings
work can be found in Glesk, Martin, Potential for Enerquy
Technologies in Residential and Commercial Buildings,
DOE/PE/03871~-TI, Arthur D. Little, Inc., November 1979,
and Residential/Commercial Market for Enerqy Technologies,
DOE/PE/03871-T2, Arthur D. Little, Inc., August 1979,

**For a brief summary of earlier ADL work see Section G of
Hittman Associates, Inc., Major Models and Data Sources for
Residential and Commercial Sector Enerqy Conservation
Analysis, June I980.
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(2) Theoretical building loads. These are given

; tor different building types and different
climatic conditions in each of the four regions,

~.in the following categories: space heating,

air conditioning, hot water, lighting plus
power, and auxiliaries for commercial buildings.
These provide the reference loads for each
structure from each conversion device under
various load conditions.

(3). Shell efficiencies. These are the percentage
improvement in structural integrity over a
nominal 1975 value that can be expected from
implementing certain changes in structural
technologies in building thermal envelopes.
These may be varied as new structural tech-
nologies are introduced.

(4)  Conversion device efficiencies. These are the.
percentages ol delivered energy which can

actually be applied to the theoretical building
loads. - : ' .

(5) Technology costs. Include are the costs of
conversion devices ‘and materials and installa-
.~ tion of structural technologies, both for new
buildings and retrofit applications.

(6) Market Shares. These provide by building type
the bounds the optimization can select for
fractions of fuels, technology costs, and
performance. '

C. Applications and Extensions of BECOM
For Buildings Energy Conservation Analyses

BECOM provides a means of measuring and analyzing the
direct impacts of conservation policies and energy prices on
energy demand to meet given levels of energy services in
residential and commercial buildings. Since a large number
- of structural and conversion technologies are modeled separately,
it is possible to analyze the interaction of various combinations
of these until the preferred (minimum-cost) configurations
are identified. BECOM structure explicitly models the deter-
minates and effects of technology choice in conversion devices
and structural shells and thus permits analysis of government
policies and programs to promote their implementation or '
regulate their acceptance. The policies and programs can be
evaluated from the optimized results giving fuel use and
savings, investment levels, and the technology penetration
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‘rates; each of these is computed in aggregate and for specific
building types and regions of the country. '

The following discussion identifies the basic application
- areas for the model, the policy variables best suited to

these applications, and some of the building energy conserva-
tion issues and program areas for which BECOM can provide
information.  Some current limitations of the model are
outlined; in light of these, an enhanced role for BECOM in
energy policy analysis is then suggested.

1. General Application Areas

The entire BECOM structure can be interpreted as focusing
on the choice of energy-conserving technologies for new and
existing structures and conversion devices. Most applications
can thus be translated first into factors that influence '
these technology choices and, with these, into the resulting
changes in fuels use and investments. Applications can be
generally classified as directed toward (a) technology assess-

ments or (b) conservation analyses, although naturally the
two overlap.

a. Technology Assessment. For technology assessment,
the potential market penetration of new and existing technolo-
gies or of combinations of these conversion and structural
technologies are investigated. Product research, development,
and marketing for new technologies which offer improved
efficiencies and/or lower cost can be evaluated in terms of
their acceptance and purchase by household and commercial
establishments. "Both the levels of total penetration and the
identification of particular building types and regions with
higher market penetration can then help the BECOM user target
productive investments or research. These results also
indicate whether expected improvements in efficiency or costs
would help the product compete with other technologies.

A particular value of these market assessments is that,
in comparing all feasible combinations of conversion devices
and structural technologies, the market choice is based on
the cost and energy saving of the best overall combination;
this avoids the potential double counting of energy gains
that could occur if each technology were evaluated separately
for energy savings. :

b. - Energy Conservation Analysis. In these applications,
analysis is directed toward investigating ways of lowering
energy consumption in buildings by affecting the choice of"
the technologies which convert or contain the energy used to
satisfy the basic energy needs (final service demands) of the
buildings and their occupants. Changes in such factors as
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prlces, investment taxes, and efficiency and thermal per-
formance standards influence the combination of structures

and conversion devices, and thus the efficiency at which
energy inputs to buildings are carried into the final services.
In turn, these are translated into energy (and specific

fuels) consumed and into specific technology investments.

2. Generalized Examples of Technology Choice in BECOM

Two generalized descriptions will serve as background
for more specific policy applications. These descriptions
follow directly from the basic model structure discussion
given in Section B. ,

©a. Structural, Technology Choice for New and Existing
Buildings. This involves the choice of investments

in structural tec%nologies to enhance thermal performance of
the external shells of buildings or of the shells inteérnal to
the building that .can be used to contain energy outputs from
various conversion devices (e.g., pipes, ducts). Such invest-
ments are made both for construction of new buildings and for
retrofit of existing structures. In either case BECOM models
the investment decision as a function of shell thermal perform-
ance characteristics (floor, ceiling, and wall insulation,
caulking, window area and glazing, duct construction, etc:)
and their annualized investment costs. These are then combined
with the various costs and efficiencies of heat-generating
(or cooling) devices in the building (burners, heat pumps,
hot water heaters, etc.) in order to supply the required
thermal energy services of the building at least annual cost.
The future fuel expenditures and the investment charges
annualized over the product lifetime are evaluated using a
given discount rate which reflects average residential and
commercial time preferences. Any change in fuel market
shares or fuel mix selected by the model for new construction
is bounded by upper and lower limits which reflect BECOM
user-determined construction trends or housing projections.

For structural conservation investments in new
bulldlngs, the number of potential installations are estimated
by projecting housing and commercial building requirements
and comparing these to the existing building stocks and the
number of demolitions. For each new structure the final
thermal energy services required are predetermined in the
model by the building type, location, and the assumed final
consumption practices (e.g. the desired inside temperature
for new retail building in the Northeast). Investments to
reduce thermal losses are then chosen from a given set of
existing and expected technologies. Integral to this conser-
vation investment choice are the input prices of materials
and installation in new buildings, their resulting thermal
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efficiencies, and the existing or projected prices and avail-
abilities of fuel supplies. The selected least-cost technolo-
gies' then permit the model to calculate the total investment
costs and fuels consumed.

For ex1st1ng buildings there is generally no predeter-
mined number of buildings requiring the new investments
(unlike the .number of new buildings under construction, which
'is given exogenously). Instead the BECOM linear programming
algorithm effectively takes all existing structures as candidates
for retrofit and considers all added investments in energy-conserving
materials and installations and the resulting reduction in
heat loss that could occur. The annualized fuel and investment
costs of using each of these new technologies are then compared
with the status quo annual fuel costs of the existing structure
without retrofit. Retrofit investment is undertaken where
the new investments would lower the total annual costs.
Thus, unlike most other macroanalytic building energy conserva-
tlonlmodels, the retrofit decision is endogenous to the
mode '

b. Technology Choice for New and Existing Energy
_ Conversion Devices. The investment decisions to

purchase new appliances to meet the demands of new households
or buildings or to replace old equipment are very similar to
the structural shell investment decisions discussed in 2. a.
above. The efficiencies and investment costs of the possible
devices to supply a specific energy service (e.g. lighting or
heating) are combined, where appropriate for the thermal
devices, with the costs and efficiencies associated with .the
option for building thermal shells (as in a. above). Given
the purchase prices, the availability and prices of fuels,
and the efficiencies of specific technolog1es, BECOM chooses
configurations of new and existing equipment which meet the
required energy services at least cost. Any changes in fuel
market shares or fuel mix resulting from equipment selection
are bounded in the model by upper and lower limits reflecting
exogenously spec1f1ed constructlon trends or housing projec-
tions.

Appliance demand is determined by those devices
needed in new housing, plus the replacement for those retired
at the end of their economic lifetime, plus early retirements.
For the latter case, replacement of existing appliances
before the end of their economic lifetime, BECOM assumes that
"the costs of all previous purchases are "sunk costs" and do
not enter into future cost comparison. Thus the "retrofit"
decision to scrap an existing appliance and to replace it
with a new one is the result of the comparison of the annual
fuel costs for the existing equipment against the sum of the
annualized purchase price plus fuel cost for available replace-
ment technologies. The appliance retrofit decisions, like
building retrofits, can thus be made fully within the model.
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3.. Policy Variables for BECOM Applications

A variety of variables are available in the model wh1ch
can affect or shape technology choice and direct the model
toward analysis of specific energy use or technology pene-
tration objectives. 'These policy variables include: :

(a) Prices of energy inputs (fuels) which. can be al-
tered by tax and pricing policies to change present
and future operating costs for each technology con-
figuration. :

(b) Capital charges for building types. which can be
altered by various builder and purchaser tax in-
centive and subsidy policies to modify the tradeoff
of the materials and installation investment costs
versus operating costs for each building technology.

(¢) Equipment costs which can be altered by various
producer or purchaser tax incentives and subsidy
policies to modify the investment cost versus
-opérating cost of different types of energy equip-
ment 1n buildings.

(d) Efficiency levels for structures or equlpment which

: can be altercd by promotion o[ R&D and commerciali-
zation programs or by imposed efficiency standards
(constraints) in order to modify market penetration
levels of various technologies.

(e) Limits on the constraints, such as energy demand or
supply limitations and environmental controls,
which allow the changes in regulatory policies to
be assessed so that the chosen technologies can be
implemented at new levels.

4. Applications to Energy Conservation Issue and Program
- Areas
a. Thermal Performance Standards for New'Bulldlngs.

These are represented in the model by constraints which
require or prohibit building technologies in specific building
markets. This effectively limits the choice of technologies
that are candidates for BECOM analysis to those equal to or
above the standard's efficiency or thermal performance criteria.
The optimization procedure then selects the combination of
conversion technologies and the standards-constrained struc-
tural technologies meeting the least-cost criteria while
satisfying the required final energy demands. The model
results indicate the amount of fuels used (and thus fuel
savings relative to a no-standards case) and the levels of
investment undertaken to increase building thermal integrity.

1v-21




The levels of market penetration of the individual tech-
nologies can indicate whether the standards constraint did
actually apply or whether, for the discount rate used in
BECOM, the residential and commercial customers would actually
select technologies more efficient than the standards.

i S

b. Energy Efficiency Standard for 'Appliances. BECOM;
analysis of these 1s very similar to the above analysis of
the thermal performance standards. Energy efficiency stand-
ards for appliances are represented by constraints which
require or prohibit appliance technologies in specific building
. markets. These limit the choice of technologies that can be
considered for the least-cost solution. However, unlike
building structure investments, the consumer also has the
option to scrap the less efficient appliance and purchase a
new one, as discussed in the example 2b above. Thus the
rrtandards also 'apply to "retrofit replacement" decisions.
For a given end use, the set of all conversion devices of
greater efficiency than the standard are considered for
replacement of existing devices. Those with the lowest total
annual cost below the fuel costs of the existing device will
be selected for retrofit replacement by the BECOM linear
programming algorithm. '

c. Fuels Pricing Policies to Encourage Energy-Efficient

Structures and Appliances and Thus Reduce Energy

Use. Increases in fuel prices which can be varied
by regions and sectors alter the relative value and thus the
choice of various energy conversion and structural technologies
in the model. Higher fuel prices mean higher operating costs
and thus may tip the tradeoff of efficiency versus purchase
price toward higher efficiency. This is true both for new
buildings and appliances and for decisions to retrofit (struc-
tures) or replace (equipment) to achieve the higher efficiency
levels. The input prices can be targeted to specific building
sectors in order, for instance, to investigate the impact of
controls on key fuels or fuel use in specific buildings (e.g.
electric rates for commercial space heating). The net changes
in fuels use to meet the given final demand are found by com-
paring fuel consumption in the base case where input prices
were not varied to the scenarios where prices change.

d. Investment Tax Credits, Low-Interest Loans, and

Grants or Subsidies for Building and Appliance

Energy Conservation Investments. These factors
change the economics of the technology evaluation as they
lower the effective annualized capital costs of the targeted
technologies. As policy instruments they can be technology-
specific for each building subsector and region. This is
important since the mechanisms are not always specifically
targeted reductions in technology costs but can depend on the
building and owner characteristics. Tax effects, for example,
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are likely to be different dependlng on the building type and _
how this might reflect the tax status of the occupant/owner.
Similarly, interest rate decreases and adjustments in the
terms of the loan change the effective annualized capital,
charges for investments relative to that calculated using the
given BECOM discount rate. Grants and subsidies more stralght-
forwardly alter the investment cost.
e. Promotion and Introduction of Technologlcal
Innovations. BECOM permits the explicit 1nvest1ga-
tion of the possible results or rationale for government
sponsorship or subsidies and tax credits for research, develop-
ment, and implementation of energy-saving technologies for
buildings. Introduction of a new technology to the set of
available technologies for a specific end use and building
(for example, gas heat pumps designed for large commercial
buildings) would permit the model to calculate its potential
market penetration and the resulting change in energy use.
If the new technology is not selected by the model's least-cost.
criteria, then the model may be used to investigate what
measures would bring about the market penetration and/or the
desired reduction in energy use. Higher efficiency goals or
lower sales prices can be translated into increased R&D
supgort or additional production or purchase subsidies or tax
credits

5. Extensions and Limitations of BECOM for Specific Energy
Conservation Issues

As it currently stands, BECOM is an excellent tool for
investigating many aspects of the role of technology choice
upon buildings energy conservation objectives. There are a
number of areas, however, where the structure or current
specification of the model places limits on its applications
for energy conservation analysis. A number of these areas
are given below with suggestions, where possible, for changes
that would strengthen the potential contribution in future
policy and planning studies.

a. Behavioral Analysis. and Demand Forecasting. BECOM
uses a linear programming framework which can assemble alter-
native combinations of energy- related technologies to meet
final energy demand requirements at least cost. As such it
is definitionally, and in many cases_in practice not applicable
as a demand model in a sense comparable, for instance, to the
Oak Ridge National Laboratories' models of residential and
commercial energy demand*. Except to the extent that consumer
behavior is embodied in BECOM's normative least-cost energy

*See Chapters I and III of this report for a discussion of
these two models.
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path criteria, intermediate technology investment and fuels
- demands in BECOM are based on technological and fixed. cost
factors. There are no explicit consumer. demand equations or
price and income elasticities for energy-produced services.

Thus while the model is better suited than most engineer-
ing-economic models (such as those of ORNL) to model explicitly
the cost-effective tradeoffs of equipment or structural
capital cost versus energy efficiency, it 'is not strictly
applicable to demand forecasting.' Increases in energy prices,
for instance, are modeled by BECOM to increase the cost
savings of more efficient technologies and therefore increase’
the likelihood that such technologies will be selected by the
linear programming algorithm. This omits, however, the com-
sumer's additional operational response to increase energy
prices, which is to directly reduce . final demands for the now
more expensive energy services. . (Such operational changes
might include setting back the thermostat in winter and
living with cooler comfort levels, or reducing lighting use
and levels.) : -

~ Furthermore, in most current applications, BECOM is
attempting t model least-cost behavior toward buildings
energy decisions instead of actual behavior. To the extent
that consumers have criteria different from its least cost,
(e.g. desire luxury over function), have different weighting
factors (i.e. different discount rates), or cannot achieve
the least-cost solution (because of lack of informatin,
credit market imperfections, etc.), a forecast from BECOM
.will be in error.* There are, however, several ways in which
this can be mitigated.- ‘

(1) Behavioral Responses. To some extent, change
in final energy service demands and their resulting
behavioral operational charges can be estimated external
to BECOM and used to exogenously change the input final
demand requirements.** However, the consumer should be
basing the consumption of energy services on the price
of the actually delivered energy services, in addition
to the direct effect of fuel prices. The delivered

*Evidence from ORNL studies (O’Neal et al., 1980, and earlier
work by Hirst and Carney, 1978) indicate wide divergence from
the minimum life-cycle cost choice and variations in this
between fuel types and. appliances. Recent studies such as that
by Hausman, 1979, suggest that these differ by individual
socioeconomic characteristics as well. a

**Estimates of the short-run operational elasticity can be
found in ORNL studies by Cohn, et al., 1976, for the residen-
tial sector and applied in Hirst and Carney, 1978; and in
Cohn, 1978, for the commercial sector, applied in Jackson, 1978.
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energy services price can also be altered by the consumer's
choice of technology and efficient fuel use and by the
coice of fuels. The consumer's choice of the level of
final energy services is thus jointly determined by fuel
price, efficiency level, and fuel choice. Any exogenous
specification of final demand requirements is not likely

to capture fully the simultaneous interaction of these
three factors (unless, for instance, the change is mandated,
or if the model is run in a policy mode to explore the
effects of such a change in final demands on technology
choice and fuel use)..

(2) Discount Rate. BECOM does include a long-term
discount rate that reflects the present value that
consumers (or society) place on goods and services or on
costs that will occur in the future. In the model this
discount rate is used to provide an annualized capital
cost for equipment or structural investments. In most
BECOM- pollcy applications this rate is assumed to represent
society's rate of time preference.* However, the rate
could also be used to reflect the discount rate implicit
in actual buildings energy conservation decisions.®* To
the extent that an average "implicit discount rate" can
be estamiated for future conservation decisions, this
can be used to "adjust" the market to simulate actual
behavior.# Changing this rate in the model requires only
the change of one parameter value.

. If, in addition, the model were mod1f1ed to
permlt the dlscount rate to vary by building type; by
structural improvements, appliance technology or their
end use, and by region, then it would be possible to
simulate more precisely a broader range of consumer
behavior and responses to energy conservation initiatives.
Two examples, of the usefulness of this for policy
analysis- are given below.

*A public sector discount rate of 5 percent in real terms was
used for BECOM runs in The Least Cost Energy Strateqy by Carhart
et al., 19789. }

**BNL documentation of such applications was not available
to the author of this report, but discussions with BECOM
co-author Dr. Carhart of the Mellon Institute indicate that
such appllcatlons have been explored.

#Dr. Carhart indicates that a ""back of the envelope” calcu-
lation of a 45 percent discount rate would bring BECOM
- least-cost results for 1978 into line with actual bu11d1ngs
energy conservation investments. This rate is similar to
that found in the ORNL residential model.
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(a) Credit Term and Credit Availability. To.
the extent that these are tied to specific conservation
technologies or building types, programs to provide -
these favorable terms could lower the relevant implicit
discount rates. More efficient but costlier technologles
would then be more likely to penetrate the market.

i
" (b) Bulldlngs and Conservation Information
' and Assistance Programs. Lack of consumer

awareness of potential for energy conservation savings,
poor information and uncertainties about measures to be
taken, and imperfections in the credit markets are
factors that can impede selection and implementation of
cost-effective energy conservation investments. These
factors could be reflected in a higher measured implicit
discount. Efforts to lower these barriers, such as
programs for energy audits, residential conservation

services and awareness, and utility assistance to consimers,

could be simulated in lower discount rates. These would
be indicative of increased incentives to value the future
energy savings that result from higher equipment and
structure efficiencies.

b. Building- and Owner-Specific Disaggregation.  BECOM
currently specifies nine Bulldlng types for both existing and
new buildings. (The criteria for existing and new buildings
generally depends on whether they were built before the base
year of the projection, initially 1975). Each prototypical
building type used in energy analysis can also differ for
each of the four regions of the country in which it could be
located. Currently there are potentlally 9 (buildings) x 2
(new and existing) x 4 (regions) = 72 building types, though
not all regional -variations are used.

‘Most publlshed analysis with BECOM has been restrict-
ed to the model's originally specified levels of buildings
disaggregation. But the model structure can actually be ex-
panded beyond these. Integral to the current BECOM computer
program is the procedure to accept additional disaggregation
-within the existing prototypical building categories. For
example, the office building category could be divided into
public and private components. Limitations to such disaggrega-
.tion are found in the degree to which the fixed prototypical
building specifications are appropriate for specific uses,
and the degree to which data to specify additional categories
are available. Such data would include initial and projected
building stocks, their technology levels, and market shares
of fuels for existing buildings and new construction.

The reference. or prototypical building types used
by BECOM are not easily respecified because of the large
amount of data on energy use and new technology characteriza-
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tions that are embodied in them. Where these are not represen-
tative of a building type to be analyzed, the model could
accept new prototypical building spe01f1cat10ns developed,

for instance, from buildings energy use analysis based on

DOE-2 model residential and commercial building runs.

. For any new building category disaggregation, BECOM
would continue to select the cost-effective choices of technolo-
giés for retrofit and new purchases that meet the final
energy demand requirement. Tax incentives, subsidies, efficiency
standards, and new construction technologies could then be
targeted to the specific building categories. If the discount
rate were also permitted to vary by building type (as discussed
in 5 a. above), this could be used to represent differences
or changes in consumer evaluation of future savings or in
consumer capability to undertake conservation measures in the
specified building types.

Areas where this additional disaggregation could
assist policy analy51s are suggested below.

(1) Renter-Landlord and Metered Versus Unmetered

' Status of Building Occupants. In both commer-
cial and residential units the incentives for the occu-
pant to undertake conservation measures differ depending
on who benefits from the investments. Ownership offers
the advantage of possession of many of the capital -
purchases; but direct fuel savings accrue by billpaying
status. Data to provide BECOM specification and conser-

. vation behavior for building types by ownership and

billing category are available from several sources:

‘(a) Owner-Renter Status. For the residential
* sector, data on fuel use by building and ownership
status on initial technology configurations and conserva-
tion measures can be found in the Annual Housing Survey
and the recently available National Interim Energy
- Consumption Survey (NIECS).* For the commercial sector
similar data are available from surveys such as those in
the Hittman Associates, Inc., Commercial Buildings Data
Base** and from the Nonresidential Buildings Interim
Energy Consumption Survey* when available in early 1981.

*For a summary discussion of botb the National Interim- Energy
Consumption Survey and the Nonresidential Buildings Interim
Energy Consumption Survey, see Hittman Assocrates, Inc.,
‘Major Models and Data Sources for Residential and Commercial
Sector Energy Conservation Analysis, H93ID, June 1980.
**Hittman Associates, Inc., has collected extensive data on

commercial sector buildings; see particularly the Commercial
Buzldlngs Survey for the California Energy Commission as
discussed in Chapter III, Section D.8 of this report.
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(b) Master Metering Status. For the resi-
dential sector, data on energy use and conservation
measures are available from NIECS; for the commercial
sector sources include Hittman's commercial buildings+
data and the forthcoming Nonresidential Buildings In-
terim Energy Consumption Survey. ‘

(2) Disaggregation by Income Group. The impact of
buildings energy conservation incentives on low-income
households can be explored with BECOM by separating the
housing types by income levels. Data from the Annual
Housing Survey, NIECS, and the Washington Center for

* Metropolitan Studies Survey can provide information on
these distributions by housing type and income. The re-
sults of the MATH/CHRDS microanalytic model and the 4
MATH/CHRDS-developed End Use Consumption Data Base
(ECDB) for the household sector providc additional
distributional and functional end use detail.* If the
existing reference or prototypical housing types can be
assumed appropriate for the analysis, then inital tech-
nology levels for each housing type/income class should
also specify their conservation potential. Projections
of housing starts and fuel and appliance mix could
follow MATH/CHRDS projection assumptions.

'Differences in implicit discount rates across
income groups have been empirically observed.** Although
additional research is required, these rates could be
used to suggest income-related differences in time
preferences and market imperfections that affect conser-
vation responses. Changes in conservation information
and assistancc programs and credit market terms by
income class could then diffentially affect these discount
rates and influence investment decisions toward more
energy-etticient choices.

(3) Federal, State and Local Building Energy
Analysis. BECOM does not differentiate between
building uses in its current specification. However,
investment programs to reduce energy use in public
buildings could-be analyzed by disaggregating existing

*The MATH/CHRDS model is discussed in Chapter II of this
report. .Both MATH/CHRDS and the ECDB are surveyed 1In
Hittman Associates, Inc., Major Models and Data Sources
for Residential and Commercial Sector Enerqy Conservation
Analysis, H93.1D, June I980. . , -

*#*%In Hausman, J.A., "Individual Discount Rates and the Purchase
~and Utilization of Energy-Using Durables,” Bell Journal of
Economics, Vol. 8, No. 2, Fall 1979. Income-related discount
rates were estimated to vary from 54 percent for low-income

. households to 9 percent for those with high incomes.
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categories into their federal and state/local fractions.
Both federal and state/local buildings are spread among
several of the existing BECOM reference commercial
sector building types. Jack Faucett Associates has made
‘estimates of energy use by regions for each of these
public sector structures.*® Office buildings, hospitals,
and educational buildings appear to be the key energy
users. A variety of special state studies, building
stock estimates, and commercial buildings energy surveys,
including the Nonresidential Buildings Interim Energy
Consumption Survey also provide separate state/local
government buildings energy use data. Energy audits and
inventories of federal buildings under the Federal
Energy Management Program may eventually. prov1de similar
data for federal buildings use.

'Since the data for both federal and state/
local buildings are still relatively weak and because
the buildings for these sectors are not clearly differ-
entiated from those of the private sector, any BECOM
- analysis of these could safely assume the initial energy
use characteristics and technologies for the government
bu11d1ngs to be the same as the average for each build-
‘ing type. The federal and state/local fractions in each
.of the original BECOM building categories (estimated by
" floor space or by total energy use), could define the
~new categories. BECOM could then be used, for example,
to investigate fuel use impacts and investment levels to
meet federal efficiency targets from FEMP, or to calculate
cost-effective technologies, investments, and resulting
fuel savings that would occur with grants to schools,
hospitals, or other public or institutional structures.

C. Indirect Impacts and Linkages to Other Models.
BECOM is itself constrained by fixed supplies of fuels to the
buildings sector and fixed final buildings energy demands.
The model, however, has the capacity to be linked to other
models with different specifications and objectives that can
extend the policy implications of BECOM analysis beyond the
buildings energy use sector. Two of these extensions are
listed below. -

(1) Interface of BECOM with the Rest of the Energy
Sector. BECOM can be run simultaneously with
BESOM, the Brookhaven Energy System Optimizaton Model.
BESOM offers a detailed representation of the energy

*Jack Faucett Associates, Inc. Energy Consumption in Commer-
cial Industries by Census Division - 1974, Federal Energy
Administration, 1977. See also Hittman Associates, Inc.,
op. cit. »
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supply system and a more aggregated description of final
energy demands. The BESOM solution of optimal energy
flows from the fixed energy resources to meet the final
energy demand yields the Ilevels of fuel supplies available
to the residential and commercial buildings sectors.

' Given these supplies, BECOM derives the more disaggregated
energy flows within the buildings sec¢tors. When the two
models are run simultaneously, only the final buildings
energy demands of BECOM are fixed -- the fuel suppllesi
to the buildings sectors can vary to meet the final
demands at least cost,Agiven the energy prices, the
availability of energy resources and the technological
constraints of the entire energy system. With this
model- linkage, implications of policies, of exogenous
changes in the availability or prices of energy resources,
or of advances in energy supply technologies can be
investigated as these affect choice of bu11d1ngs sector
technologies and fuels use.

(2) Interface of BECOM's Buildings Energy Sector
with the Rest of the Economy. BECOM contains

no direct interaction with the economy outside the
buildings energy use sector. The model does not attempt
to simulaté responses of the economy to changes in the
buildings sector energy flows nor to changes in buildings
energy supplles and demands due to macroeconomic variables.
However, it is possible for BECOM to be coupled hierar-
chically with other energy-economy models. Several
optlons are avallable

' (a) Aggregate energy-economic models are
- available whose analyses project final

energy demands and energy prices.*
Macroeconomic and energy policies can
then be linked to growth trends in residen-
tial and commercial demands and to changes
in energy prices. BECOM analyses would
then relate these prices and fuel demands
to the optlmal technology investment and
fuels use in the buildings sector.

*The BNL/Dale Jorgenson model i1s an example of a long-term
energy/economic model whose projection includes estimates
of economic quantities and growth, and physical flows of
enerqy, Including fuel mix, to final demands. The model is
itself an econometric model of interindustry transactions for
production and consumption of energy and nonenergy products
combined with the BESOM structure to allocate enerqy supplies
to energy demands. This 1s described in Hoffman, K., and
D.W. Jorgenson, "Economic and Technological Models for Evalua-
tion of Enerqy Policy,"” Bell Journal of Economics, Vol. 8,
No. 2, Fall 1977. v
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"(b) The impact on.the rest 6f the economy of
shifts in building sector energy technolo-
gies and fuels uses can be modeled by -
linking BECOM results to an input-output .
structure of the energy and economic
system as a whole. Buildings energy
conservation policies in BECOM affect
efficiencies of buildings technologies .
and the composition of final demands for
fuels and buildings conservation investments.
These buildings-sector-derived efficiencies
and final demands can be translated with
the input-output structure into direct

. . : . and indirect requirements for other goods

. : and services in the economy.* : '

d.. Shadow Prices. There are two major outputs of a
linear programming framework such as that used in BECOM. The
first major output is the set of intermediate energy flows.
In BECOM these are the optimum (least cost) energy flows from
given fuel supplies to the final demand, categories as deter-
mined by the choice of energy technologies. Almost all
analysis with BECOM model focuses on these first outputs.

L " The second principal output of the linear program-
ming model is the‘duag variables or "shadow prices" associated
with the constraints of the model. These shadow.prices give

.the opportunity cost (or change in the minimum cost solution)

for a decrease in the amount each fuel supply constraint or
for an increase in each final energy services demand requirement,
or for changes in the technological constraints.

Generally, major changes in the level of fuels
available to the buildings sector or changes in final demands
for energy services from the buildings are not significant
policy variables, so that the shadow price analysis capacity .
of BECOM is infrequently used. If; however, a question were
raised of the effect of a major cutback in a supply (for
example,. No. 2 fuel oil to commercial'buildingsg, then the

*An 1nput-output (I/0) model has been developed at ‘the
University of Illinois which is linked to BESOM. The
models run iteratively until the inputs for BESOM calcu-
lated by the I/0 model agree with the inputs for I/0
model calculated by BESOM. The results of this combined
model are available to translate BECOM efficiencies and
energy flows into requirements for goods and services In
the rest of the economy. See Carhart, et al., "Energy
Employment and Environmental Impacts of Accelerated Invest-
ments Iin Conservation and Solar Technologies in Buildings"
for further description of this structure.
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shadow price for loss of that oil could be used to indicate
the -increased system cost of such an action to the buildings
sector. The shadow prices would be equivalent to the least-
cost alternatives of technologies and related energy flows
which would continue to meet fixed final demands.

From a market point of view, the shadow price of a
fuel supplied to the buildings sector is indicative of the
market value of that fuel according to the cost -the building
sector would have to pay if it were to use less fuel, and
still meet the required demands. Similar interpretation of
demand constraint shadow prices would follow for changes in
final energy service requirements for buildings which might
occur, for example, if there were major operational conserva-
tion cutbacks necessitated by national interests. '

¢c. Data uand Parameter Updates. For BECOM Lo be most
useful for policy analysis, the model must represent up=to-dale
estimates of energy performance and costs, building and
equipment stocks, and fuel use. Specifically, as outlined in
Section B.3.c., BECOM requires information on (1) current and
future building stocks and their fuel market shares; (2)
shell and conversion device efficiencies expected for new and
existing buildings; (3) the new and retrofit costs for invest-
ments in conversion devices and shell efficiency improvements;
and (4) the building loads required for each end use (space
heating, air conditioning, hot water, lighting, and other
appliances) as these vary across climatic regions and building
types. : B

These 'data are currently provided to the model
using 1975 as a base year and drawing heavily on Arthur D.
Little, Inc¢., data on buildings energy use. The five years
since 1975 have seen significant changes in buildings energy
conservation, both as new and retrofit technologies were
adopted and as occupants undertook changes in energy behavior.
The 1975 base year makes BECOM useful in determining the
policy implications of what "could have been done" if a
least-cost energy conservation strategy were followed.* But
more up-to-date base year information increases the relevance
of the model for current policy analysis, since it is that
year's technologies and costs against which the model determines
actuil projected levels of future investment and technology
levels. - ' _

- .A BECOM update .to 1977 is being undertaken jointly
with Oak Ridge National Laboratories. In particular, this is

*This 1s the course followed in The Least Cost Energy Strategy,
Technical Appendix by Carhart et al., 1979.
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to include data on levels of energy use, fuel market shares,
building and appliance stocks, the structural and conversion
technology levels, and the distribution of these across
building types and regions of the country. When this is
complete this should also bring BECOM into step with the base |
year of the ORNL residential and commercial energy models,
providing comparable base years and data inputs for policy
comparisons of the ORNL demand forecast models with the BECOM
optimized results. In addition to the base year information,
ORNL model forecasts of building and appliance stocks and
fuel mix can provide important inputs to BECOM scenarios and
ORNL price and income elasticities which could help set
price- and income-responsive final demand scenarios for BECOM
projections. Provision for such inputs and for regular
updates in step with those for the ORNL models would directly
facilitate use of BECOM's least-cost analysis in a role
parallel but in contrast to that of the ORNL energy demand
models for energy policy analyses and forecasting.

f. Multiperiod Analysis.*® BECOM provides analysis for
only one year or time period at a time. Multiperiod analysis
requires multiple runs of the model, with respecification and
rerunning of the model for each later period's technologies,
new and existing building stocks, efficiencies, etc. In a
sense this respecification permits a wider degree of flexi-
bility of model use. The BECOM analyst can vary each new

- period input and can calibrate the model to other projection
results or to new conditions or technologies not expected
within the initial period. But this does not offer other
users a systematic approach to the procedures and problems of
time-stepped analysis. Work is currently being conducted at
BNL to develop a more standardized time-stepped vérsion.
Several issues are involved: .

(1) Consumer Knowledge or Expectations of Future
Prices and Technologies. Both a single-period

and multiperiod optimization must deal with the question
of how to factor in consumer anticipation of future
events. But in BECOM's multiple period analysis, any
change in this information must come at discrete intervals,
so that a conservation investment decided in terms of
one period's information may need to be retrofit in the
next period due to a changed set of fuel prices or the
introduction of more efficient or lower-priced technolo-
gies. There is no easy solution to this without completely
restructuring BECOM from a single-period model to an
n-period linear programming formulation which transfers
capacity across time periods, insures smooth transitions,
and represents time lags in decisions and investments.**

*This section benefits from conversation with Peter Kleenan
of BNL.

**The Dynamic Energy System Optimization Model, EPRI EAI079,
May 1979, 1s such an n-period linear programming extension
for the BESOM model. 33 '
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However, a fixed set of procedures and additional discussion
of how these problems have been or will be handled in multiple-
period BECOM analysis would considerably enhance evaluation

of the results and assist future studies by analysts other

than BNL staff. '

(2). Model Accounting for Housing and Appliance Vin-
tages. ~In principle, over a number of BECOM
optimization periods there would be a increasing number
of building ‘and appliance types distinguished by the
technologies they embody and the time period in which
they were purchased (e.g., existing pre-1975 homes;
"new" 1975-to-1980 homes, retrofit existing homes, new
1980-t0-1985 homes, etc.). These in turn vary by region.
In practice this problem is lessened both because the
model does not contain vintaged housing or appliances
(see subsection h below) and because each new time
. period operates with only the existing (pre-197%) and
post-1975 prototypical building types at various effici-
ency levels selected in the previous period. However,
this pre- and post-1975 distinction becomes somewhat
artifical by, say, 1990. For multiple-period analysis
it might be easier to reduce the number of different
building types and have all the adjustment in changed
efficiency levels. This is in fact being considered by
BNL.*

g. Model Transferability and Accessibility. BECOM can
- be a valuable and versatile tool for building energy conserva-
tion analysis. Once studied, the model structure is seen to
be a basically straightforward application of linear program-
ming analyis and the policy applications easily visualized.
But in its present accessibility and documentation, its use
‘and thorough 'understanding are limited for the most part to
BNL staff and those associated with its development. For
model use and applications to grow and for its value for
policy analysis to be better realized, others outside of BNL
staff and its authors need to be involved in its use. The
model is not currently on any other computer installation.

- Though it can be accessed by remote terminal, at present both
altering the model and making a run are sufficiently complex
to impede widespread use or understanding. Several steps
should be considered to encourage the model's broader use.

(1) Transferability. A major effort needs to be
undertaken to make BECOM. transferable to other institutionms,
including EIA and other parts of DOE. BECOM is currently
implemented at BNL using CDC's APEX III linear programming
package and the PDS/MaGen which puts the data in the
correct order for APEX III. Since the model is also

*Based on conversations with Peter Kleenan of BNL.
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programmed in the languages of this APEX MaGen system,
it could easily be transferred to other CDC installa-
tions, but not so easily to other computers. However,
with additional effort by BNL and/or CDC staff (and
proper funding) the transfer to IBM could take advantage
of a certain amount of compatibility with IBM equipment.
The input to APEX III is the same as that to IBM's MPS
system. .

(2) Documentation. The general model structure is
well documented in Carhart, Mulherkar and Sanborn,
The Brookhaven Buildings Energy Conservation Optimization
Model. This report, however, lacks specific detail on
how the model actually runs and how to use it. For
BECOM to be better understood and used, a users' manual
should be developed giving detailed flow diagrams,
step-by-step explanation of the model setup and runs,
sample runs, and a carefully documented description of
the data inputs and actual data that have been used.
This would ‘also greatly enhance access to the model via
remote terminal to the BNL computer.

(3) Standardization. At the cost of some flexi-
bility of model use, additional standardization of the
model procedures for operational runs would also enhance
its use by others. Two areas have been mentioned earlier:

(a) Multiple-period analysis and the need for
formalized procedures to time-step the
analysis

(b) Reduction in the number of building types
so that regional, age, and time period
differences are reflected to a greater
extent by their technologies and service
levels and less by a large number of
building types.

h. Additional Areas - Building and Appliance Age, Re-
tirements, and Salvage Values. - ,

(1) Retirements. BECOM assumes that buildings and
appliances have fixed lifetimes and that a percentage of
each given type is physically retired from the system
each year in inverse proportion to their lifetimes. The
reason for this is that there is basically no vintage or
age specification on building types or appliances except
for the category "pre-1975" buildings in the current
version. This is a necessary simplification to ease the
model accounting, which even in its current version
considers over %,OOO variables.
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So long as building and appliance types are
purchased at a fairly uniform rate, this retirement
procedure will create little problem. However, at any
point where there are large numbers of new purchases,
discrepancies can occur. Actual retirements are more
likely to follow a logistic curve, with few retirements
in the early years but increasing rapidly after that to
yield the average lifetime.* As long. as the stock is ,
uniformly distributed with age, the number of retirements
will "average out." However, when a large number are
purchased at one time, the present formulation will show
too many retired in the early years and too few later.

: - Without complicating the model with building
and appliance vintages, this potential problem area ,
would be difficult to correct. -Exogenous projection of
relirements from more disaggregated housing models could
assist, but since serious error would only oc¢cur with
very "lumpy" investments, perhaps the simplest solution
is simply to be observant of these occurrences,

(2) .Salva%e Values in Reétrofit of Appliances. ,
BECOM assumes that once an equipment purchase has occurred,
its value is considered as sunk costs -- only variable"
~operating and fuel costs enter future evaluation criteria.
In reality, if the equipment is not near the end of its
physical lifetime, it'may have salvage value if retired.
By not considering this salvage value the model somewhat
underestimates the number of retrofits. Correction for
this may be impractical considering the amount of data
required (salvage values for each appliance by year of
purchase and age) and the fact that the model does not
track either. For some categories, such as refrigerators
.or washers and dryeérs, some correction could be included.
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APPENDIX A

| GOALS AND OBJECTIVES
OF DOE_IN BUILDINGS ENERGY CONSERVATION

A necessary step in assessing the ability of selected
models to provide information that will be useful to the
Buildings Section of the Conservation Policy Office is postula-
tion of DOE's goals and objectives in the buildings energy
conservation area. These goals and objectives will-suggest
the types of analyses, data inputs, and model outputs needed
to evaluate specific initiatives targeted on buildings energy
conservation problems. When the types of analyses, data
inputs, and model outputs needed are identified, the models
and data bases selected can be analyzed to assess their
ability to provide the required output.

DOE's goals and objectives in the residential and commer-
cial sector were identified through a: careful review of
several  strategy and program planning documents in the buildings
energy conservation sector and through discussions with the
Buildings Section of the Conservation Policy Office. It was
apparent immediately that there are numerous types and levels
of government ends and means in the buildings conservation
area. Therefore, to bring order to the search for goals and
objectives, a taxonomy was created that provided a structure
into which the numerous goals and objectives could be categor-
ized. This structure was used to identify the kinds of :
objectives that were most- relevant to the immediate objective:
to identify the types of analyses, data inputs, and model
outputs needed to evaluate specific initiatives targeted in
buildings energy conservation.

The taxonomy was based on the assumption that policy
makers start with very general goals which they accept as
their ultimate mission and then identify a series of deriva-
tive objectives and policies -- each more specific than those
preceding it -- by which they intend to achieve their general
goals. Eventually, they will have identified specific steps
that can be taken in pursuit of their goals.:

To put this taxonomy into operation, very general goals
were abstracted from the planning documents. An example of
such a general goal is improvement of the efficiency of
energy usage in buildings. Next, their general objectives or
situations which, if achieved, would help to satisty the
general goals were sought. As an example, DOE policy makers
have set as a target improvement of the efficiency of energy
use in existing residential buildings. This became a general
objective aimed at satisfying the goal to improve the effici-
ency of energy usage in buildings in general. Policies or
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general types of action that should be taken with the general
objectives in view were next sought. An example of such a
policy is acceleration of the introduction of buildings-related
energy-conserving technologies into the marketplace. Next in
the - sequence are specific objectives or more narrowly defined
situations suggested by policy, which, if realized, would

"help to achieve the general objectives. An example of a
specific objective is the retrofit of existing residential
buildings with speC1flc energy- conserv1ng/energy ~efficient
technologLes ,

Finally, the commitments or programs that are ¢reated to
implement specific actions designed to achieve the specific
objectives were identified. The Residential Conservation
Service Program is an example of such a commitment of re-

sources aimed at satisfying all of the preceding objectives
and policies.

The results of this analysis of goals and objectives and
their categorization are presented in Tables A-1 and A-2. To
repeat, the purpose of these tables is simply to structure
the numerous goals, objectives, and policies encountered in
order to facilitate the identification of those that seem
most relevant to the problem of identifying the model output
‘and data 1nput requlrements of the Bulldlngs Section.

Table A- 1 presents DOE's stated goals, general objec-
tives, and policies aimed at satisfying DOE's mission in the
buildings energy conservation sector.

Table A-2 presents the specific objectives and programs
" designed to achieve the general objectives within the policy
constraints. Table A-2 also lists several topical questions
which are seen by the Buildings Section as issues with which
they may have to deal in the near future. The model outputs:
- and data needed to respond to the topical questions will be
-similar to those needed for several of the specified objec-
tives; therefore, although the questions appear in a separate
column, they are intended to be on the same level as the
specific objectives to which they are related. Except where
noted, each objective is understood to exist for near-, mid-,
and long-term time frames.

The specific objectives and topical questions are the
points in the taxonomical scheme where the goals and objec-
tives- are thought to be specific enough to permit identifi-
cation of the model output and data input requirements to
begin. As a result, the categorization was stopped here.

The model output and data input needs identified were those

either necessary to assess the policy initiatives producing

or program initiatives targeted on the specific objectives or
those necessary to answer the topical questions.
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In Table A-2, the specific objectives are grouped into
numbered subcategorles (for .example, "Commercial Buildings
Sector ObJectlves") The topical questions are -also numbered.
Since some of the questions are relevant to several ‘specific
objectives, they may appear adjacent to more than one sub-
category of objectives. Each time a particular topical
question appears, however, it will have the same number. For
example, the topical question, "What is the impact on oil and
gas usage?" is relevant to many of DOE's specific objectives
in the buildings sector and, therefore, appears several times
in Table A-2, but always w1th the number 1.

The numberlng of the categories of spe01f1c objectives
and the topical questions indicates the relative 1mportance
of that category/question for the Buildings Section's near-term
(18 months) analytic needs. This priority ranking was estab-
lished after discussion of the lists with members of the
Buildings Section of the Conservation Policy Office. This
priority ranking was used to indicaté the objectives and
questions whose model outputs and data needs should be exam-
ined first. Where a-high-priority topical question is paired
with a lower-priority specific objective, those model output
and data input requirements associated with the specific
objective needed to answer the question were examined using
the topical question's priority rather than rhe specific
objective's priority. Other analytic requirements of the
lower-priority specific objective were then examined in turn.




‘T_ABLE A-1. ENERGY CONSERVATION

GOALS AND OBJECTIVES IN THE BUILDINGS SECTOR

DOE Energy & Non-Energy
Goals in the Residential/
Commercial Sector

DOE General Objectives
to Achieve Energy Goals

DOE General Objectives
to Achieve Non-Energy
Goals

DOE Policy to Achieve
General Objectives

Improvement of efficiency
. of energy usage in resi-
dential and commercial
-buildings

Reduction in total energy
usage

Reduction in dependence
on foreign oil

Rédurtion in dependence
on oil and gas in general
as energy sources

Minimization of impact
.on life style

Improvement of energy
efficiency in existing
residential buildings

Improvement of encrgy
efficiency in new resi-
dential buildings

Improvement of energy
efficiency in existing
commercial buildings

Improvement of energy
efficiency in new
commercial buildings

Improvement of energy
efficiency in appli-
ances and products
used in each building
type

Reduction in o0il usage
Reduction in gas usage
Energy prices increased
to their replacement
price, then stabilized
Improvement of energy
efficiency. in systems

that supply energy to
huildings

A-4

Overall national bene-
fit exceeds overall
national costs

Overall national bene-

fit substantially ex-
ceedo goveenment conta

Overall distribution
of costs and benefits
is equitable

Interference with free
market is minimized

Local benefits and
participation are
maximized

Improvement - in na-
tional employment

Accelerate introduction
of buildings-related
energy-conserving tech-
nologies into market
place

Motivate customers Lo
alter energy use pat-
terns :

Identify and ease bar-
riers to technology and
pattern change

Encnurage invelvement
of state and local
governments as much as
possible in energy .
management, activities

Programs should be site-
specific to the greatest
extent possible

Programs should try to

. make maximum use of market

forces

R&D projects should be
high-risk with high payoff

Substitute renewable re-
sourcec for non-renewable
resources

Deregulate energy prices
Programs shiould complement
other energy-saving pro-

grams

programs should complement
environmental objectives

‘Avoid programs aimed at

outcomes that will happen
just as fast without

' government intervention



G-V

TABLE A-2.

SPECIFIC OBJECTIVES FOR WHICH PROGRAM COMMITMENTé

HAVE BEEN MADE OR COULD BE PROPOSED AND TOPICAL QUESTIONS

Specific Objective

Commercxal Bu11d1ngs Sector

Objectives

Retrofit of existing commercial’
. buildings with selected energy-

conserving/energy-efficient
technologies.

See new commercial buildings
constructed with a minimum
standard of 1mproved energy
performance.

Prograw*

Energy Tax Credit

 Energy Comservation Bank

Vendors rebate on energy-
efficient matching program

Buildings Energy Performance
Standards

Topicél Qhestions

What is the imp§ct on oil
and gas usage?

Are sufficient production
capacities and material re-
sources available to.meet

the increased demand for
retrofit materials without
causing price increases above
the otherwise-expected rate
of inflation?

Are there regional differences
in attitudes towards retrofit-
ting with improved energy-
efficiency technologies?

Residential.Buildings Sector
Objectives

Retrofit of existing residen-
tial buildings with selected
energy-conserving/energy-.
effidient technologies

*The list of programs 1s indicative.
to achieve specific objectives has not been included.

. Residential Conservation Service

_Energy Tax Credits

Energy Conservat1on Bank

Vendor rebate on.energy-
efficient matching program

Free energy audits by utilities

Time-of-tranéfer energy audit

What is the impact on o0il and
gas usage?

Are sufficient production
capacities and material re-
sources available to meet the
increased demand for retrofit
materials without causing
price increases above the
otherwise-expected rate of
inflation?

Are there regional .differences
in attitudes toward retrofitting
with improved energy-efficiency
technologies?

Every program currently sponsored by DOE or proposed
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‘Specific Objective

All new residential buildings
constructed with a minimum stan-
dard of improved energy perfor-
mance '

Retrofit of -tenant-occupied
_residential buildings

»

Retrofit of existing resicen-
tial buildings heated witk No.
2 fuel oil

Retrofit of existing and resi-
dential buildings owned and
occupied by low-income house-
holds. - Specifically, weather-
ization of 2.7 million homes
by 1985.

TABLE A-2. (CONTINUED)

Program*

Buildings -Energy Performance
Standards

Energy Tax Credits
Tfme-of-tr&nsfer energy audit
Fuel Oil Marketing Demonstration

Program

Weatherization Assistance

Topical Questions

-3. State and Local Building

&

Objectives

Retrofit of state and local
government and institutional
buildings. Specifically, ret-'
rofit of 42,000 institutional
buildings by 1983.

*The Iist of programs is indicative.

Instituzional Buildings Grant
Program

to achieve specific objectives has not been included.

What is the impact on oil and
‘gas usage?

Are sufficient production capac-
ities and material resources
available to meet the increased
demand .for retrofit materials
without causing price increases
above the otaerwise expected rate-
of inflation?

Are there regional differences
in attitudes toward retrofitting
with improved energy-efficiency
technologies® ’

Every program éurrently sponsored by‘DOE or proposed

) Sy
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Specific Objeftive‘

Utility Conservation Action .
Objectives

TABLE A-2.

(CONTINUED)

Program®

ba.

4b.

Topical Questions.

Who is interested in or ca-
pable of promoting energy con-
servation activity besides

the U.S. Government. Specifi-
cally, what are the capab111t1es
of utilities?

What actions are PUCs and
utilities taking that affect
energy conservation?

Other Energy Source RD&D
Objectives

Demonstrated feasibility
of renewable resources
technologies.

Appropriate Technology Small
Grants

What will the impact be on oil
and gas usage?

What analytic requirements are
needed to assess the emerging -
use of wood, solar energy, and
geothermal resources to heat
houses?

Federal Buildings Objectives

Reduction of energy usage in

existing Federal Buildings by

20 percent by 1985.

Reduction of energy usage in
new Federal Buildings by 45
percent by 1985.

*The list of programs iIs indicative:

" Federal Energy Management
Program

to achieve specific obJectlves has not been included.

What is the impact on oil and
gas usage?

Are sufficient production ca-
pacities and material resources
available to meet the increased
demand for retrofit materials
without causing price increases
above the otherwise expected
rate of inflation?

Every program currently sponsored bg DOE- or proposed
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Specific Objective

TABLE A-2. (CONTINUED)"

Program* Topical Ques:cions
‘7. Consumer Usage Practices 1. #hat is the impact on oil and
Objectives gas usage? i
Change in residential consumer Residential Conservation Service 3. Are there regional differences
energy use practices resulting in attitudes toward energy -
in reduced use per capita. Consumer Education Program. usage practices?
Fuzl 0il Marketing Demonstrztion 6. Do residents and commercial
' building occupants who retrofit
Low-Cost/No-Cost Measures Program their buildings then increase
: their comfort level resulting
in little or no change in.
energy usage?
Change in commercial consumer Time-of-Day Utility Rates
energy use practices resulting -
in reduced use per square foot
8. Appliance Efficiency Objectives 1. What is the impact on oil and

All new major appliances manu-
factured to meet minimum energy
efficiency performance stan-
dards.

*The 1ist of programs is indicative. Every program currently sponsored by DOE or proposed

Appliance Efficiency Standards

" Test Procedires and Efficiency
. Targets Program

to achieve specific objectives has not been included.

.

gas usage?

e h o e e e
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Specific Objective

9. Community Systems Objectives

Implementation of community
district heating systems using
cogeneration.

Creation of technical .assis--
tance teams to aid communities
in making "front-end" decisions
about -their energy future.

States  have Comprehensive State-

Energy Management Plans.

Energy Offices established in
localities. "’

Regional technical assistance
panels available.

Local energy information
clearinghouses available.

' TABLE A-2. (CONTINUED)

Program*

Tax Credit and accelerated
depreciation

Energy Management Partnership
Act -

Community Energy Action Grants
Program

Community Energy Action Grants
Program

Energy Extensicn Service

Topical Questions

What is the impéct on oil and
gas usage? ’

Are sufficient production ca- -
pacities and material resources

_available to meet the increased

demand for district heating
materials without causing price

-increases above the otherwise

expected rate of inflation?

Are there regional differences
in attitudes toward retrofit-

ting with improved energy-effi-

cency technologies?

*The Iist of programs Is indicative. Every prcgram currently sponsored by DOE or proposed
to achieve specific objectives has not been ircluded. '






