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INTRODUCTION

This report reviews several of the major models and

~data sources that can be used for energy conservation analy-

sis in the residential and commercial sectors. The objective
is to provide an introduction to the various analytical and

‘data tools that. are or can be available to the Department of

Energy and its Conservation Policy Office in order to further
‘their efforts in analyzing and quantifying their policy and
program requirements. By bringing together information on
the analytical structure, data detail, policy- applications,
and access procedure for the models and data sources in the
residential and commercial sector, this document is designed
to acquaint the potential users with the resources they have
on hand, to aid them in selecting and drawing on these more
effectlvely, and to provide guldance toward more specific
expertise and documentation.

The major models and data sources that are examined in
this report are listed in Table 1, for the residential
sector, and Table 2 for the commercial sector. These tables
also summarize many of the outputs and analytical features
and serve as a reference to the separate discussion of each
model and data source given in the body of the report.

The selection of these models and data sources was
determined by Hittman Associates, Inc., in consultation with
the Conservation Policy Office. -The choice focuses on

-

‘models and data sources that were most relevant to aggregate

end use and fuels demand analysis within the residential and
commercial sectors. Generally excluded are models and data
sources that stress engineering/structural energy load
characteristics of individual buildings and appliances.

While such building design approaches are extremely important
for developing and implementing specific buildings energy
conservation programs and policies, many. have been covered
in Department of Energy (DOE) studies of building energy
performance standards, residential conservation programs,
and retrofit and weatherization programs.. Further, the
macro emphasis of this report reflects the importance at the
national and regional levels of understanding and plannlng
for the overall impacts of energy use and fuels demand.

The models and data sources of this report were, in
general, chosen so that they were complementary rather than
competitive with one another in their detail and policy
relevance. Thus, for example, the Oak Ridge ‘National Labora-

. tory (ORNL) residential and commercial models offer the

detailed end-use and fuels demands from engineering/economic
simulations; Brookhaven Buildings Energy Conservation Opti-

x1i
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TABLE 1. OUTPUTS AND DETAILS:OF RESIDENTIAL SECTOR MODELS AND DATA SCURCES

Energy Use (Dernand)2

Residential
Sector Models Residentizl
and Data Bases Year Housing Types Region EFuel Type End Use
MODELS
ORNL 1970, 1977 infitial; 5: new and exist_ing;, single-- u.S. 4: elect., ofl, gas, 8 end wses, Version.V
Residential Annual projections -family, muftifamily, mobile 9 Census, 10 DOE, other i0 end wses, Version VII
Tomes ’ states (in process)
BECOM. 1975 inicial; 3: new and existing “eypi- u.s. 5: elect., ofll, gas, 6 end uses
Annual projections cal" buildings - siagle-fam~ 4 Census, 9 Census, solar, coel/fcssil
ily, low-densizy, high-rise, some states and .
zobile homes utilities
NEPOOL 1970, 1975 initial; 4%: single-famlly, mulei- New England Power 2: electiicity, 10 basic appliance types
Annual projections Eamily, mooile home, second Pool and utility other . A
home service areas; states
KATH/CERDS 1979, 1974, 1975 3: housing by household U.S. 5: elect., gas, LPG, 6 appliances; space

initial; Annual
projections

characteristics

10 DOE, Urban/Rural,
SMSA/non SMSA

oil, coal

heating and coaling,
hot. wazer

DATA SOURCES

NIECS Winter 1978-1979 5: single attached, de- v.S. 6 identif-ed; 7 prin:zipal uses
National Interim tached; 2-% units; 5 or 4 Census 3 measured: e¢lect., identified
Energy Consumption more; by lousenold char- Urban/Rural oil, gas
Survey . acteristics
End Yse Consump- 1967, 1971, 1974 5: single attached, de- U.s. 7: elect., ofl, gas, 9 end ises
tion Data Base : tached; mAtifanily at~ 9 Census LPG, ccal. kerosene
ECDB Household cached, detached; mobile
home
MRI Appliance 1976, 1977 2: single, multifamily u.s. AlY identifiec; 13 eleztrical appli-
Survey 4 regions, urban 2 measured: elect., ances measured;
: gas 4 wajor end uses iden-
tifiled
Annual Housing 1973-1979 5: single attached, de- u.s. 6 identified: 3 tdenxdified
Surveys tached; 2-4 units; 5+; 4 Census elect., gas, LPG,
mobile home SMSA oll, coal, wood
Central cities outside
SMSAs
Census of Housirg 1970 2: single, multi-units < u.s. 6 identifled: 3 fentifled, not .
4 Census elect., gas, LPG, measured
9 Census oil, coal, woed
SMSA "
. Central cities outside
. SMSAs
AlA/Research Corp. 1973-1976 5: single attached, de- 7 climace regions S fuel tydes Zden- 5 end uses, rot

(Phase I data fcr
BEPS)

tached; mlti~family low-
rise, higk-rise apartments,
mobile hores .

tified in. equipment;
Btu/sq ft measured

meesured

lciven the varia,-vty of detail and purpose of the models, data bases, and survey results, the titles of the rategcries are

aggregated tu capture the general a:stributes.

report.

.

These are qualified within the table and ir the relevant sectiors oI the

2m-msured in Etu except for NIECS arnd MRI (plysical units); some sources such as ECDB also proside physica. units {dbl, kWh,

etc.).
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Residential
Sector Models
and. Data Bases

Stzuctufal Conversion
Technologies, Materials, and

Equipment

TABLE 1.

(CONTINUED)

Market Shares
by Fuel Type

Demand and Demand

Changes and
Investments in
Energy-Related

Devices

Explicic and
Implied
Prices

Behavioral Measures

and Responses

MODELS

ORNL
Residential

Efficiency/capital cost trade-
offs for 16+ equipment-fuels;

. heat, gain, and loss by struc-

tures and materials

4 fuel types by
end use and
tgousing

Measures

Final energy demand by
fuels, h9uslng. end use

- Capital cost for

each change in
efficiency and
structure; units
installed

Implicit discount
Tates; capital-to-
opeérating cost
trade-offs- for
equipment, struc-
tures

Efficiency, market ghare, |
usage elastisticicies calcu-
lated by end use, fuel.

BECQM

25 (approx.) conversion, 8 struc-
tural for each housing type

5 fuel types by
end use and
housing

Assumes final demand
given; calculates inter-
mediate, primary flows by
use, fuel, housing

25 devices,
8 structural
investments by
number, cost

Shadow prices for
all resource and
technology con-
straints. Dis-
count. rare given

Final demands are input
to the model. Discount
rate is proxy for be-
havior

“NEPOOL

19 appliances
4 structural

Electricity share
by end use and
housing type

Final electric demands,
hourly electric levels
by end use and housing
type

Relates loads to
generation

appliance speciric price
elasticities by family size,

income determinants .

MATH/CHRDS

DATA SOURCES

Efficilencies by 6 appliances;
heating, cooling ratios,
general structural

5 fuel types by
end usé, housing,
household char-
acteristics

Final demands for fuel‘s,
enz2rgy by housing, house-
hold, .end use -

Changes by num-
ber of reward
retrofit and
their distribu-
tions

Fuel prices are
ionputs

Home fuel expenditure
econometrically deter-
wined by socioeconomic
equipment, and structure
variables; short-run price
and income elasticities of
fuel demand as inputs

NIECS

National Interim
Energy Consumption
‘Survey

‘8 conversion,

25 (approx.) appliances;
4 structural,
Fuel 01l Survey:

.

8 structural

6 fuel types by
end use and
housing

7 fuel types
by end use and

housing

0il, gas, electricity
coasumption per household

Final demand for energy,
fuzls, end use

8 changes queried
in Fuel 0il Sur-
vey

011, gas, elec-
tricity prices

End Use Consump-
tion Data Base
ECDB Houshold

6 structural

Electric demand monthly,
houorly by appliance, by
household; gas demand

. Insulation

rates

Electric, gas

" Implicit demand curves

for electric appliances
from monthly data

Annual Housing Surveys

10 appliances/equipment;
3 structural

moathly

Storm doors, win-
dows, insulation

Census of Housing

11 appliances/equipment

ALA/Research Corp.
(Phase I data for
BEPS)

Full array of structural/thermal
envelope. and of conversion tech-
nologies :

Bta/square foot

Structural and
conversion im-—
plementation
identified

Rousing design and
construction practices




L.

ATX

TABLE 2.

OUTPUTS

AND DETAILS OF COMMERCIAL SECTOR MODELS AND- DATA

SOURCES

1

Energy Use (IJ«saand)2

Structural
and
. Conversion
Commercial Commercial Technologies;’
Sector Models Subsector and Materials, and Market Shares
and Data Bases Year . Buildings Region Fuel Type Enc Use Equipment * by Fuel Type
MODELS .
ORNL 1970, 1977 10 bufldings, u.s. 4: elect., oil, 5 erd uses Efficiency by 4 fuel types
Commercial iaitial; typed by commer- 4 Census regions ‘gas, other building, fuel by end use and
Annual clal activity 10 DOE regions and end use, building
Projections States urder de- . structural -
velopment change; capital
cost of each
BECOM 1975 tni- 5 typical U.s. 5: elect., oil, 6 ecd uses 25 conversion, 5 fuel types
cial; buildings typed 4 Census regions gas, solar, coal! - 8 structural by end use and
Annual by commercial 9 Census regions fossil for each budlding
N Projections activity Some etates and building typ=
utilities -
NEPOOL 1970, 1975 6 "Industries" New England Power 2: electricity, 3 ewd uses 2 conversion; Electricity
initial; by SIC group- Pool, anc¢ utilicy other structural share by end
Annual ings; includes service areas; outside the use and indus-
Projectioas some noncommeI~  states model try
cial
DATA SOURCES
End Use Con— 1974 8 "Incustries" U.s. 6: including 6 exd uses ——— 6 frel types
sumption Data by SIC grouping 9 Census regions steam by end use and
Base (ECDB), . industry
Commercial
Dodge?*3 1925-1980; 15 commercial u.s. — — — —
Construction wonthly_ groupings, States, Counties,
Potentials 1964- 186 structures all aggregations
present
Rational 1973-1977 8 business 9 reglons 5: elect., oil, 2, zdenti- 1 structural
Federation of types; organi- gas, coal, other fied, nct 6 conversion
Independent zational struc- identified, not weasured -
Business ture measured
(NF1B)
Arthur D. 1970 ini- 5 buildingé u.s. 5: elect., oil, 5 emd uces 6 structural, 5 fuel types
Lictle (ADL) tial; 1975, typed by commer- 4 Census regions gas, LPG, coal; 24 conversion by buildings
1980, 1985, cial. activity - Total Btu per and appliances
1990 pro- year per building implicit
Jected
AlA/Research 1973-1976 11 buildings typed 7 Climate regions 5: fuel types 5 erd us2s, Full anal:sis of ——
Corp. (Phase by commercial ac- : idencified in building structura. thermal
I data for tlvicy equipment, but function envelope ind con-
BEPS) not measured ic¢ertifizd, version techmolc-
not measur- gles
ec
Noaresiden- 1979 16 buildings u.s. 3: elect., oil, 3 end uses, 6 structu-al, 3 fuel types
tial Interim typed by coo- 4 Census regions gas icertified 16 conversion by buildings
Buildings merclal activity not mea— (approx.)
Survey sured

1 .
. Given the variety of detail and purpose of the models, data bases, and
are aggregated to capture the general attributes.

of the report.

Given in Btu except for NFIB (§), and Nonresidential Interim Buildings

Some sources, also measure in physical units.

such as ECDB and NEPOOL

These are qualified

Survew (in physical wmics,

surves results, the titl'es of the categories N
withia the table and in the relevant sections

bbl, kWh, etc.).

3 .
F.¥. Dodge data do not represent energy use or 3upply analysis, but are a major input to commercial sector energy
pProjections through floorspace additions.
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TABLE 2.

Changes and
Investments in

(CONTINUED)

Heasure of
Commercial Activity

hourly e.ectric loads
by end use and industry

eration; saturation
levels

ployee; emplcyees

Sector Hodels Total Demand and Energy-Related Explicit and by Commercial Behavioral Measures
and Data Bases Demand Measures Devices Implied Prices Subsector and Responses
MODELS . B
ORNL Final energy demand; fuel, Capital cost for each Implicit discount rates, Qutput and (l.oprspace re- Efficiency, market share, and
Commercial building, end use . change in efficiency capital/operating tradeoffs lated to population and usage ‘elasticities by end use/
: and structure; satura- per capita income fuel
tion levels . L.

BECOM Assumes final demand 25 devices Shadow prices for all demand, Building flocrspace using Final demands are input to
-glven; calcs. inter- 8 structural invest- resource, and technology con- each technolcgy combina- the model. Discount rate
wmediate, primary flows by ments by number, cost straints. Discount rates in tion - is proxy for behavior
use, fuel, tech., building objective function :

NEPOOL Final electric demands, Relates loads to gen- —— Trends in output per em— kWh/employee changes, with

linear price response

DATA SOURCES

Final denand for energy,

End Use Con- - - By space-use factors ———
sumption Data | fuels, subsector, (e.g., per employee, per
Base (ECDB), | end use . pupil); by finctional
Commercial - activities
Dmigez‘3 ——— Shifts in structure —— Building valce, number, —
Construction construction levels floorspace, for 15 commer-
Potentials cial groupings, 186 struc-

tures
Nacional Yearly, hourly energy Changes in 1 structural —— Sales, employers Lighting, fuel cutback
Federation of | expenditures 6 conversion technologies responses
Independent
Business
(NF1B)
Arthur D. Final energy demand, fuel, 14 appliance saturations Cdpital/operating trade- Trend growth of sub- Own and cross-price

Litcle (ADL)

subsector (building) and
end use -

offs

sectors iby 1iacome,
population

elasticity for fuels for .
entire sector

ALA/Research
Corp. (Phase
1 data for
BEPS)

Btu/square feet

Building design and construc-
tion parameters

‘Nonresiden-

tial Interim
Buildings
Survey

Fuels consumption data at
household levels

Windows, shades, insula-
tion, caulking, temp.
controls, heat and
cooling changes

Monthly fuel prices

Building activities, occu-
pants' employment

Temperature setback response;
conservation activities and
implicit response to monthly
prices are implicit in the
data :

1. .
Given the variety of detail and purpose of the models, data bases, and survey results, the titles of the categorics

are aggregated to'cspture the general attributes.

of the report.

2 .
Given in Btu except for NFIB (§), and Nonresidential Interim Buildings Survey (in physical units, bbl, kwh,
Some sources, )

3
F.W. Dodge data do not represent energy use or supply analysis,

such as ECDB and NEPOOL also measure in physical units.

projections through floorspace additions.

These are qualified within the table and in the relevant sections

etec.).

but are a major input to commercial sector energy




mization Model (BECOM) takes the end-use demands as inputs

and chooses energy-using technologies that achieve those
demands at least cost; the Mathematica Policy Research,

Inc., Micro Analysis of Transfers to Households/Comprehensive
Human Resources Data System (MATH/ CHRDS) model provides
distributional expenditure and fuels detail at the micro
household level for aggregate conservation policies; and the
New England Power Pool (NEPOOL) residential and commercial
sector submodels analyze and break out electr1c1ty consumption
into hourly loads by end use.

Similarly, the data sources selected for discussion
emphasize differing inputs into residential and commercial
energy demand analysis. These include, for example:
appliance ownership, use and efficiency from the Midwest
Research Institute MRI data; housing stock from the Census
of Housing and the Annual Survey of Housing; commercial
buildings floor space from F.W. Dodge; commercial building
energy use by activity groupings from Jack Faucett Associates; .
structural configuration and residential and commercial
buildings energy use from AIA/Research Corporation building
energy performance standards (BEPS) data; aspects of business
energy use behavior from National Federation of Independent
Business surveys; and data on fuels and end use behavior in
the residential and commercial sector from the Energy Con-
sumption Data Base and the input files to the ORNL models.

Broadly scoped data files for residential and commercial
energy consumption analysis are available from several of
the sources discussed in this report, but it should be noted
that in the near future, there will be available from EIA
detailed commercial and residential energy demand survey
data on a much more regular basis. Surveys currently planned
or being compiled at EIA include: the National Interim
Energy Consumption Survey (NIECS) for the residential sector
(whose newly released results are discussed in this report);
the annual Residential Energy Consumption Survey (RECS)
planned to begin in the fall of 1980; the National Nonresi-
dential Buildings Interim Survey of Energy Consumption which
was taken in November 1979 and is to be repeated every two
" years; and various subsample follow-ups for specific fuels
and end uses for each of these national samples. Because
these survey results are not complete, not all are fully
treated in this report. They may be candidates for addition-
al discussions as more information on them becomes available.

The outline for the materials in this report presents
the residential and commercial sectors separately. Several
items are common to both sectors, namely, the BECOM model,
the NEPOOL model, and the AIA/RC data base. No section
distinctions are made between models and data sources. The
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structure and use of the two run together in many cases,
particularly where a data source is constructed from numerous
parametric extrapolations such as in the A.D. Little or Jack
Faucett Associates commercial data, or the MATH/CHRDS model
whose base data and projections could be considered as the
results of a series of synthetic surveys. However, because
it is necessary to deal with more structural detail in
dis%ussing the models, the outlined topics for each do
differ.

For models, the general outline topics are as follows:

) Purpose

° Basis for model structure

° Policy variables and parameters

e  Level of regional, sectoral, and fuels detail :

) Outputs

e * Input requirements

o Sources of data

[ 01‘ her

° Computer accessibility and reqﬁirements

e Bibliography.

For data sources, the general outline topics are as
follows:

® ‘Pufpose

° Structure and level of detail

° Source of data (or sampling method)
o ‘Access to data

o Computerjrequirements

e  Bibliography.

Additional topics have been added to the discussion of
four of the data sources: the MRI residential sector appli-
ance data; the National Interim Energy Consumption Survey,
the F.W. Dodge data on construction potential, and the
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Nonresidential Buildings Interim Energy Consumption Survey.
For each, the discussion is extended to include further
analysis of the application and extensions of the data
sources for energy planning. Similar analyses for four of
the major models, ORNL Residential and Commercial Energy
Models, BECOM, and MATH/CHRDS, are presented in a separate
report.¥* : ' » A

The analysis and data given in the present document are
limited to the information and reports available at the time
of its compilation. This is particularly true of the details
"and timing indicated for future reports and surveys, and, of
.course, for specific names and telephone numbers of persons
to contact for technical questions or for access to the
models and data files.

*Hittman Associates, Inc. Models for Residential and Com-
_mercial Sector Energy Conservation Analysis: Applications,
Limitations, and Future Potential, HCl011-002-80-948.
September 1980.
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A. 0Oak Ridge National Laboratory
Residential Energy Model »

[Structural Residential Energy Use Model of the’
Energy Information Administration (EIA)]

1. Purpose

- The Oak Ridge National Laboratory (ORNL) Residential
Model was developed as a long-run simulation model to pre-
dict 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 housing stocks; equipment ownership
by end use and fuel type; housing unit thermal integrity;
appliance energy requirements; and usage factors that rep-
resent household energy-use decision making. The model is
thus sensitive to major demographic, economic, and technolog-
ical deLermlnants of residential energy use.

The ORNL Residential Model regional version provides
the basis for the residential energy demand sector of DOE's
Midterm Energy Forecasting System (MEFS). The model also is
used extensively for inputs to analysis and evaluation of
DOE residential energy conservation programs and of proposed

-conservation policies, including appliance energy effi-

ciencies, insulation costs, energy pricing, and taxes. 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 integrated into
use as a planning tool.

2. Basis for Model Structure

The ORNL Residential Model 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,
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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 technolo-
gical variables 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 c¢hanges in, for example,
fuel prices. Similarly, fuel choice or fuel switching is
primarily forecast with econometric models. Engineering
relationships are a key to purchaser and consumer decisions
affecting future equipment efficiencies, as well as tech-
nology descriptions and cost analyses. :

The model structure may be divided into three major
parts: the housing or demographic analysis for housing
stock, the technology analysis of equipment or housing
structure energy efficiency versus capital costs, and the
economic analysis of household responses to changes in fuel
prices. These are each discussed briefly below

a. Housing. The hou51ng model generates forecasts of
occupied housing 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, family
income, marital status, and previous year households.
Housing type 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 current versions
(Versions 6 and 7) of the model also accept stocks and new
construction of occupied housing units as an annual input
projection.

b. Technology. The technology model provides analysis
of trade-offs between energy use of new equipment or struc-
tures (i.e., their efficiencies) and their capital costs.
This basically entails minimum life-cycle cost calculations
comparing operating costs to initial costs for equipment or
building designs. Changes in equipment efficiencies provide
fuel savings which are discounted to compare with increased
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equipment costs. This analysis is provided for improvements
in thermal performance of the three housing structure types
and for appliance and equipment efficiencies of electric,
gas, and oil space heat; electric water heaters, refrigera-
tors; and air condltloners

c. Economlcs. 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 sw1tch1ng) 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 elasticities, equipment.
usage elasticities, and technical efficiency elast1c1t1es
These are discussed br1ef1y below.

(1) Equipment Fuel Choice or Market Share Elastici-

ties With Respect to Fuel Price. These esti-
mate 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 income, temperature indices (for space heating
and cooling), percentage of all households in single-
family units’ (food freezers), and percentage of house-
holds living in urban areas (food freezers).

The responsiveness of the market shares of .
new equipment with respect to changes in theé sales
prices of that equipment can also be estimated by
converting market share fuel price elasticities and

- applying appropriate-consumer discount rates.

(2)  Equipment Usage Elasticities With Respect
'to Fuel Price. These indicate changes that
.may occur in the operation of the appllance, equipment,
-or housing structure, assuming the equipment or housing
"structure remains unchanged (e.g., changes in house
temperature settings, or in clothes washing practices).
. These elasticities are based on estimated engineering
possibilities (as opposed to econometric 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 suggest
that one-half of the total usage response occurs during
the first year.
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" e 10 o(3) ‘Technlcal EfflClency Elast1c1t1es These

' elasticities represent changes in purchase decisions by
. residents concerning the efficiency of their energy-
i+ 1-using .equipment or thermal performance of new structures
’ as fuel prices change (e.g., shifts from electric
resistarice heating to electric heat pumps or shifts to
better insulated housing). These elasticities are
estimated:from a.combination of: a) the engineering
analysis yielding life-cycle trade-offs of efficiency
(fuel 'savings) versus equipment costs (see 2.b. above),
and b) the market penetratlon calculatlons for new
equipment and structures.

d. ~Simulations. The simulation wodel 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 calcu-
late the household. demand forecasts by fuel and end use.

ORNL describes the basic equation of the simulation model
that definés residential use of fuel i for end use k in
housing type m during year t as:

ikm

ikm EUlkm ik

TIy g o

Qi,-HTHsc U
"where HT is the stock of occupied housing units, HS is the
average size of hou51ng units (for space heating and air
conditioning only) C is the fraction (market share) of
households with ‘a partlcular type of equipment, TI is the
thermal performance of housing units (for space heating and
air conditioning only), EU is the average annual energy use
for the type of equipment, and U is a usage factor."*

T

3. POlin Variab1e$ and'Parametérs

Residential energy conservation policy and program
analysis is enhanced by several features of the ORNL model:
the level of dlsaggregatlon the engineering economics
detail, and the fuel price elasticity components analysis.

‘ a. Level of Disaggregation.  The large nuﬁber of end
uses (8), Fuel types ZK? building structures (3), housing
states (2), and regions (10) permit more precise and targeted

specification of policy inputs and more detailed evaluation
of policy impact than previous residential sector models.

b. Engineering Data, Cost Analyses, and Structural
MogeI Relationships. The engineering representa-
tions of equipment efficiencies and energy use characteristics
'permlt simulation with changed eff1c1en01es, technology

*From Hirst and Carney, ORNL/Con. 24, p. 46.
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cost-efficiency curves, or utilization rates for existing or
new, equlpment and structures

c.. Fuel Demand Elasticities of Equipment Fuel Choice,

Usage, and Technical Efficiency. These elasticities

present an analytical and simulation structure that more
accurately represents consumer responses -- that is, that
rec¢ognizes that energy demand is, in reality, demand for the
end-use services provided by the energy (warmth from space
heating, dried clothes, etc.), and that consumer decisions
.are based on the total operating price 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 by the
combinations of the fuel price and 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 exp11c1t breakout of these interactions.

Policy and program varlables that can be analyzed with
the model 1nclude the following:

(a) Fuel price changes from credits, taxes, subsidies,
or regulatory policies -- as affecting absolute
fuel price level or the relative prices between
fuels. Short-term price effects are generally
limited to usage effects. The long term allows
the introduction of equipment or structure changes
in efficiency and equipment fuel choice for new
and replacement units.

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

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

(d) Usage factors such as building temperature controls,
hot water usage, and lighting practices.

(e) Technological changes that mlght be introduced by

innovation and research incentives. These would
affect the cost-efficiency trade-off.
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4. Levels of Regional, Sectoral, and Fuels Detail

The ORNL Re51dent1a1 Model prov1des energy ana1y51s of
the follow1ng :

(a)

(b) A
" (1) Space heating

(e)

(@)

Fuels

(154 Electricity

(2) Néturai gas

(3) 0il
(4) ~Other
End uses

(2) Air conditioning
(3) Water heaﬁingA
(4) Refrigerétion
(5) Food freezing
(6) ,Cooling

. (7) Lighting

(8) Other (recent versions have included clothes
drying and room heating)

Housing types

(1)  Sing1e family
(2) Multifamily
(3)..Mobile homes
Housing states

(1) New houses

(2) Existing houses.

Versions of the model provide analysis at the national
level and for 9 census regions and 10 DOE regions. State-
level versions are available but not fully operational.
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‘5, " Qutputs
| The ORNL Re51dentlal Model energy forecast simulations
combine housing, economic, and technology sector calculations
with 1970 (or for recent versions, 1977) initial condition
and 1970-2000 (1980-2000) boundary or policy parameters to
provide residential energy use forecasts to 2000.

Outputs of ‘the residential sector simulation include:

(a) " Total energy uée | | |

(b) Energy use by fuel type

(c) Energy use by housing type

(d) Fuelé demand by housing type

(e) Fuels‘demand by énd;use

'.(fl End ﬁse equipment and ipstallation

(g) Energy requirements of equipment

(h) 'BUildings‘structure thermal performapce

(i) Fucl expenditufps

(i) Equipmenf'cbsts

(k) Costs of improving thermal performance of new and
ex1st1ng structures.

These results are available'at the national level or at
regional levels depending on the version of the model.

6. Input Requirements

Inputs to the ORNL 51mu1at10n model include:
(a) ‘Initial copditions for 1970 (or 1977)
Q) 'Eqpipment ownership .

(2) ‘Apnﬁai,eQﬁipment fuel use

.'(3)i Equipment prices ‘

" (4) 'New equipment installations
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i (5) Fuel prices
(6) Housing stocks -
(b) Trajectories and boundary conditions for 1980-2000

(1) Housing stocks; new construction, and housing
~size (from housing submodel)

(2) Technological possibilities for new equlpment
- and structures

(3) . Fuel prices

(4) Per caﬁita income

(5) .'New equipment prices
(6) ANQQ'equipmenf sﬁandards

. (Z)f Thermal performance standards for’new-étruc-
tures '

(8) Thermal performancé of retrofit programs.

7. Sources of Data

Data collected for the ORNL Model can provide an impor-
-.tant source of information for residential sector energy
analysis. Sources for several of the more important analyses
are given below. Some elements of these are accessible in
the input files for the ORNL model, particularly as they are
presented in the EIA versions. Much of the input data for
the model is regularly updated by ORNL and EIA, so that the
national model is presently running on 1977 base data. Data
and the basis for the reglonallzatlon of the model are given
in Kurish and Hirst (1977). The primary source for descrip-
tion of the model, its estlmatlon, and data sources is
Hirst and Carney (1978)

a. Housing. Projections of households, housing
stock, new construction, and distribution of housing .struc-
tures are developed by Hirst and Carney (1978) from histori-
cal data of the Bureau of the Census hou31ng and population
reports. ‘

b. Technology and Cost Data and Analysis of
Efficiency-Capital Cost Trade-offs. These data
are developed from the tollowing sources:
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(1) Electric, gas, and oil space heating (O'Neal,
1978)

(2) Gas andvelectric water heaters (Hoskins and
Hirst, 1977a)

: '.(3) Réfrigerators'(Hoskins and Hirst 1977b)

(4) Air conditioners (Papadopoulos and Berger,
. 1978)

(5) Housing structures thermal performance
(Hittman Associates, 1977; Hutchins and
Hirst, 1979; Hutchins and Hirst, 1978).

c. Economics.

(1) Equipment Market Share or Fuel Choice.
These are estimated by Lin, "Hirst, and Cohn (1976), for
four fuels -- oil, gas,'electrlclty, and other -- and
for five end uses -- space heating, air conditioning,
water heating, -food freezing, and cooking. 1970 cross-
section data by states were collected and analyzed.
Primary sources for these data are given below.

- (a) Equipment Prices. Electric, gas, and
oil furnaces for 48 states (Delene, 1974). Stoves,
~ freezers, and air conditioners (USDA price summaries).

- (b) Fuel Prices. Fuel 011 (USDA). Elec-
' tr1c1ty [Edison Electrlc Institute (EEI)] Gas [American
Gas Association (AGA)]

(c) Market_Shares. Saturation rates for
fuel by éend use and for room and central air conditioners
and food freezers (1970 Census of Housing). :

(2) Fuel Usage. Data on usage of electricity,
gas, and oil were collected at the state level for
© 1951-1974 to determine changes in fuel usage with
respect to income and price. These provided the data
base for fuel usage elasticity estimation by Cohn,
Hirst, and Jackson (1977). Primary sources for these
data include the following: C

(a) Fuel Prices and Fuel Consumption.
Electr101ty (EEI). Natural gas (AGA). Fuel oil (USDA
for prices, Bureau of Mines for consumption).

- (b)- Economic- Demographlc Per capita income
and prices (Survey of Current Bu51ness) Households
(Bureau of Census). : '
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8. Other

a. Versions of the Model. The ORNL model exists in
its original, national-level structure as regional models by
nine census regions and by 10 DOE regions, and as state-
level models. ' The model structure for all geographic
levels is essentially the same as that developed for the
national level. The major changes are the requirements for
different data files.

Both the national and regional models are running
at ORNL and EIA. The core national version is Version 5 as
described by Hirst and Carney (1978). Data and the basis
for regionalization of the model are given in Kurish and
Hirst (1977). Both the national and regional models have
been updated and expanded by ORNL so that the current na-
tional model is Version 7, initialized in 1977 data and
adding clothes drying and self-standing resistance heaters
as end uses (Version 6 differs little from Version 7 struc-
turally but is initialized in 1970 data). The regionaliza-
tion of Version 7 is nearing completion.

Except for changes in input and output file struc-
ture, the EIA and ORNL versions are the same for both regional
and national models. EIA is presently still using Version 5°
for most projections, but has full access to Version 6 and
will update to Version 7 when all data have been thoroughly
reviewed, stand-alone versions of both the regional and
national models are run at EIA as the structural Residential
Energy Use Model, the identical model for the 10 DOE regions
is also 1ntegrated into the Regional Demand Forecasting
System (RDFOR) model in order to develop residential fuels
demands for EIA's Midterm Energy Forecasting System (MEFS).

The State Residential Energy Demand (SRED) version
of the ORNL residential model was developed by Tetra Tech in
1978 and 1979 with state-level data and equation coefficients
replacing those in the more aggregated ORNL models. The
latest version of the SRED model parallels the structure and
requirements given in ORNL Version 5 as described in Hirst
and Carney (1978). The SRED model is stored at EIA but is
not currently operational for current analysis primarily due
to budgetary constraints to fully developing the state-level
data 1nputs

9.. Computer Accessibiiity and Requirements '

- a. General Description. ACopies of both regional and
national versions of the ORNL Residential Sector Model are
presently being run at at least 15 different installations,

A-10 ‘ Resideﬁfial



one of which is EIA. ORNL's Version 5 and EIA's current ver-
sion are structurally almost identical. Some differences in
the parameters used and data file structure have evolved at-
"ETIA to integrate the regional model into EIA's Midterm
Energy Forecasting System (MEFS) or, more specifically, the
Regional Demand Forecasting System (RDFOR). Earlier EIA
developed a "reduced form" version of the ORNL model for
RDFOR; this is still used occasionally. In addition both the,
national and regional versions exist as stand-alone models
~outside of the RDFOR system.

The ORNL reéidential model is run at Oak Ridge on
an IBM 360-370. Questions concerning it -can be directed to
Dennis O'Neal at (615) 574- 5199 »

The EIA model is run on an IBM 30-33 in the For--
restal Building in Washington, DC. Questions concerning the
model can be directed to Mark Rodekohr at (202) 633-9129 or
John Holt at (202) 633-8486.

ORNL's model has baseline data from 1970 and
simulates energy demand from 1970 to 2000:. Just completed
is Version 7 with baseline data from 1977. The regionaliza-
tion of this should be complete in the summer of 1980.

Tetra Tech, Inc., developed a state-level version
of the ORNL Residential Sector Modcl known as SRED - State
Residential Energy Demand Model. The SRED model is running
on the EIA computer but lacks updating and 'state-level data
to be fully operational. Questions.concerning it can be
aZdressed to Alpha Mutardi at Stone and Webster (202) 466-
7415 _

b Accessibility. ORNL can make residential sector
model runs under contract:. = Such runs are submitted to.
Dennis O'Neal and run by ORNL staff. Rather than make runs
for users, ORNL prefers to give the user a copy of the
model. This is discussed in the following section.

To access the EIA computer versions, a DOE program
manager must submit a Data Service Request (DSR) to Marion
King in the Office of ADP Services, EIA, (202) 653-3600.
After approval she will assign a valid account number and
password. :

The EIA computer can be accessed by 300 and 1200
baud remote terminals and is hooked up to TYMNET. Questions

concerning the computer installation can be addressed to Ike
Digman at (202) 252-8959. :

The\entire ORNL Residential Sector Model and
- appropriate baseline data base are needed to make a run.
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- C. Transferability. A user can get a copy of the
latest operational version of the ORNL Residential Sector
Model and data base at no cost from ORNL. The model is
entirely in Fortran, is nicely commented in the program, and
is easily transferable. At most, very minor changes might
be required to transfer to another system with Fortran. The
model has a 250K CPU storage requirement. Along with the
model on cards, the user will receive a user's guide.

d. Ease of Modification in System. The ORNL Residen-
tial Sector Model is fairly flexible. Depending on the.
extent of changes and lead time, it is possible that ORNL
- could be contracted to modify the model. However, because
the model is very modular, in Fortran, and very well comment-
ed, it is notL difficull for the user to modify thc code
h1mse1f

e. Documentation. "ORNL Engineering-Economic Model
of Residential Energy Use" (CON-24) discusses the theoretical.
model design. The "ORNL Residential Energy Use Simulation
Model User's Guide" describes the input cards required. A
more extensive user's guide has been put out by MIT and may
be obtained from MIT Energy Laboratory as MIT EL-79-042WP.
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B. Brookhaven Buildings Energy Conservation
Optimization Model (BECOM)

- See Section B of the Commercial Sector in this report.

!
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C. New England Power Pool Model for Long Range Forecasting
of Electric Energy and Demand (NEPOOL)

1. Purpose

The New England Power Pool Model for Long Range Fore-
casting of Electric Energy and Demand was developed in re-
sponse to the uncertainty, caused by the events of 1973 and
1974, about electric load forecasts, planning for generation
and transmission facilities, maintenance of adequate reserves,
dispatching, and joint use of transmission facilities. The
model information is used to assist planning by the 72
NEPOOL participants (26 privately owned, 44 municipal, 2
cooperative systems) in their efforts to assure future
adequacy, reliability, and economy of electric power supply
in the six-state New England Region. .

Although the model is specific to the New England
region, its methodology and output can provide important
contributions to national energy demand analyses. The
disaggregation and analysis in the model to hourly demand
analysis of electric energy consumption permits analysis of
energy conservation policy at levels of technical and be-
havioral detail within daily consumption activities. For
the residential sector the model incorporates daily load
profiles for each specific end use (e.g., appliances, com-
mercial buildings) by hour, day, and month. The model
additionally incorporates .economic and demographic projec-
tions at the subregional level where these projections
themselves are a function of the economic, demographic, and -

“energy conditions. This differs from most energy demand
models where the economic and demographic projections are

generally constructed outside the model and thus are not
responsive to changes that may occur during the 51mulat10n

The NEPOOL model was developed jointly by NEPOOL staff
and Battelle Columbus for use by NEPOOL members. Though the
model is well documented and running at Battelle Columbus,
access to the model for policy runs and modification is
subject to NEPOOL approval and their proprietary require-

-ments. DOE has only recently initiated discussions on its

use.

2. Basis .for Model Structure

The NEPOOL model provides energy demand forecasts, load
profiles, - and load duration for approximately 50 end-use
categories based on (1) endogenous economic/demographic
forecasts of population and economic activities- for specific
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geographic areas; and (2) forecasts of average end-use
demand, and hourly load profiles of end use.

The basic model structure divides end-use demand into
the product of two components: determination of the number
- of users in the end-use category; and calculation of the
average consumptlon of each user. The number of users is
_calculated in the demographic/economic module, while the
average use is in. the power module. These modules exist for
each residential, commercial, industrial, and other sector,
although the deta11 and breakout of end use are obviously
different for each. The residential sector covers 19 appli-
ances, the commercial sector six commercial categories..

The economic/demographic module is common to all sectors.
The power or end-use modules differ by sector. Each of.
these is discussed briefly below.

a.” Regional Demographic/Economic Module. The demo-

- graphic/economic inputs to the energy demand analysis are
developed on a regional basis. These geographic regions are
defined as the areas where the majority of the work force

are both employed and reside. That is, the regional areas
are defined to minimize commuting across regions, and thus
may be either economic regions similar to SMSAs, or states,
the standard use in the model. Both the demographic fore-
casts which.provide a detailed view of population and housing
in a region and economic forecasts which shape the employment
and income structure are important in residential electricity
demand analyses of the model. Commercial electricity demand
in the model is driven by the employment forecasts. Inter-
play between labor force and employment acts as the central
driver for migration between regions.

(1) Demographic Submodule.

- (a) Population and Labor Force.' Population
is prOJected for each region by single years for each
one-year age grouping using standard cohort projection
techniques. Age- and sex-specific migration rates,
which are determined by local unemployment rates rela-
tive to national unemployment rates, are applied to
each regional population.. The labor force is then
calculated from estimates of age- and sex-specified
labor force participation rates, which are themselves
functions of labor market conditions.

(b) Households and Housing. Total numbers
of households are developed by applying forecasts of
~ head of household factors to the total population.
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These are then used to calculate the increase in requir-
ed housing stock given the previous year's housing

: stock, estimated demolitions, and vacancy rates.
Allocation by owner and renter to single, multiple-
unit, and mobile-home categories is based on the 1970
census. Second homes are also calculated as a function
of the prlmary ‘housing stock .

. (c) Income. The distribution of households
by income level is necessary to estimate appliance.
saturation levels. For the income calculation the
economic/employment submodule develops employment by
industry. Together with U.S. growth rates of salary
and wages by 1ndustry, this provides wage, social
security, proprietor's income, and other labor income,
Property and transfer income are calculated from
population forecasts and trends in per capita ratios. - -
The distribution of ‘income by households is then derived
from state-specific 1970 census income distribution
curves.. - Forecasts: of this distribution require adjust-
ments in the distribution of new households by income
class so that the total of their personal income equals
the personal .income calculated by other sources.

(2) Regional Economic/Employment Submodule Em-
ployment is the primary indicator of economic activity
in the NEPOOL model. Employment levels drive calcula-

- tions of household income and income distribution and,.
through unemployment, levels of regional migration.
This also. is an input to forecasting commercial electric
loads as well as, indirectly, industrial loads.. The
forecast calculates employment by region in three major
categories: "household serving" employment as a func-
tion of population; "business serving" employment as a
function of total employmeéent; and, for employment that
produces for "exports" out of the specific region,
"export" employment as a function of ratios of reglonal-
_to-national costs of doing business,

- b.. Residential End-Use Submodule. The re51dent1a1
sector of NEPOOL develops forecasts of energy demand and
load patterns for each of 19 appliances. These forecasts
require calculation of the number of appliances installed by
type, average wattage per appliance, the probability of an
appliance being in operation at a given time,  and trends in

~ wattage and hourly load profiles by appliance.

(1) Stock of Appliances. For air conditioners,
‘ranges, clothes washers and dryers, freezers, and dish-
washers, the appliance saturations, or number of appli-
ances used over time, were estimated econometrically as
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a function of family income and type of dwelling for
each appliance in each state. Saturations for tele-
visions, lighting, and refrigerators were measured at
100 percent. Electric space heating penetration in
competition with other fuels was estimated by multiple

‘regression to be a function of first-year cost differen-

tials per system, including fuel cost differential, X
total sales expense, percentage of housing permits that
are single family, and the urban-rural ratio. Penetra-

- tion of electric water heaters in non-electric heated
homes was estimated as a simple growth trend.

(2) ‘Hourly Load Broflles The_applianée hourly
load profiles were developed for each month and for
four typical days (Monday or:day after a holiday,

Saturday, Sunday or holiday, and weekdays). For tem-

‘perature-dependent space heating and cooling, additional

analysis was undertaken. The load profile data were
collected. from studies by NEPOOL members' analysis of

metering as well as other sources. These were converted

to connected loads by the average wattage per appllance

. Three major factors were 1ncluded as affectlng

the forecast of appliance loads: trends in each appli-
ance usage, trends in each appliance efficiency, and
responses to prices. Additionally, the effects of
changes in a family's demographic composition on its
appliance use were estimated. Forecasts of price
responsiveness were estimated from averages of various
studies, with short-term elasticities approximately
one-half of the long term. These elasticities were
assumed to represent several responses: behavioral
change in use, technological changes in efficiency,
appliance purchase decisions, and, for appliances where
there was a fuel competing with electricity, fuel
switching.

.C. CommerC1a1 Sector End Use Submodule. The commer-
01al 'sector of the model forecasts hourly demand levels and
electric energy consumption for six commercial categories.
The definition of commercial is broader than that often used
in commercial ‘sector energy analyses, including essentially
the one-digit SIC non-manufacturing categories. Thus for
the NEPOOL model, forestry, fishing, construction, transpor-
tation and pub11c utilities are considered commerc1a1 cate-
gories. The hourly loads and consumption are determined
primarily on the basis of employment. forecasts from the
demographic/economic module. NEPOOL analysis found energy
used per laborer as good a predictor of commercial consump-
tion as the energy use per floor space measures of many
other models. However, NEPOOL does acknowledge that much of
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the variance in electrlcity consumption among commercial
categories in the model is due to characteristics of the
commercial bu11d1ng rather than inherent differences in

their economic activities. Additional adjustments in hourly
loads are included for temperature-dependent space heating
and cooling loads (from metering analysis), and for electric-
ity price effects through price elasticity estimates (from
the literature). Separate saturation equations estimated
from trends are included also for electric space heating and
cooling equipment.

For each commercial category, the baseload elec-
tricity consumption in kilowatt-per-employee terms was
estimated from NEPOOL surveys. As with many other studies
of commercial energy use, the Battelle and NEPOOL analysis
was hindered by the relative lack of available data on
commercial energy use. Primary kilowatt-per- employee data
were collected for the model on the retail sectors in Con-
necticut and Maine. This established many of the character--
istics and trends for: overall use in the sector and its
categories, and was used to develop state-by-state estimates.
From this, total consumption for each commercial category in
each state can be calculated using the employment forecasts
of the economic/demographic submodule. Then, using param-
eters from metered observations of NEPOOL-member customers,
monthly, daily, and hourly loads can be forecast,

3. Policy Variables and Parameters

The model provides a wide degree of flexibility for
analysis of energy conservation policies directed at elec-
trical consumptlon in the residential sector. Commercial
sector analysis is somewhat more limited since the number of
commercial categories is restricted. For both residential
and commercial sectors of the model, though, a significant
instrument for policy analysis is ava11ab1e in the capacity
to simulate hourly loads by end use.

‘ a. Residential Sectér Major variables and parameters
which may be used for residential sector energy conservatlon
~ policy analyses include the following:

(1) Fuel cost differentials between electric,
gas, and tuel o0il: The major effect is seen
in penetration of electric space heating and,
indirectly, in electric hot water heaters

(2) Electricity price; both in relative terms
compared to the rest of the nation, and in
absolute terms for each region. Long- and
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short-run elasticities reflect primarily M J
changes in each appliance use, but also for |

the long run, changes in appliance efficiency

and, where applicable, fuel switching.

(3) Appliance efficieney levels as may be affected
: by public parameters or legislated standards.

(4) Load management and conservation policies

: - that affect time and duration of use of
appliances. For example, controlled versus
uncontrolled water heaters, changes in times
for washing and -drying, and changes in daily
and hourly thermostat settings.

(5) Regional and income-specific efforts to pro-
- - mote conservation that are accessible through
the model's regional disaggregation.

b. Commerc1a1 Sector Energy Policy Variables.

(1) Electr1c1ty price responsiveness. Prices may
be changed dlfferentlally tor each commercial
category and each region.

(2) Changes in electric space heating and air
conditioning efficiencies for such commercial
categories, where changes could be due to
either equlpment or to buildings design or
retrofit.

(3) - Load management and conservation policies
. that atfect business operating practices.
For example: operating hours, lighting
practices and time-of-day thermostat controls.

4, Level of Regional, Sectoral, and Fuels Detail

a. Reglonal The model generally runs on the state
level, but is programmed to run at county or SMSA levels.
The states are:

(l) Connecticut

(2) Maine

(3) Massachusetts
(4) New Hampshire
Egg Rhode Island

Vermont. e . F
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Cllmat1c detail for heatlng and cooling is avail-
.able by region.

“b.. Re51dent1al

(1) Hou51ng

(a) Single-family
(b) Multifamily
(¢) - Mobile home

- (d) Second home -

(2). Households by Income Class

(a) 10 classes .$0 - $10 000

" (b) 7 classes $10,000 - $25,000
(¢) 824,000 -‘$25,000
(d) $25,000 - $50,000

(e) $50,000 +

(3)- Appliances

(a) Electric range

(b) Microwave: oven

(c) Refrigerator, frost-free

" Refrigerator, standard

Freezer, frost-free

Freezer, standard

Dishwasher

.Clothes washer

Electric clothes dryer

'Electric water -heater, controlled
Electric water heater, uncontrolled
Television, color :

Television, black and white
L1ght1ng :

Room air conditioner ,

Central air conditioning

"Electric space heat :
Fossil-fuel space- heatlng aux111ar1es .
Mlscellaneous

NHROTYOPBE HRCH DI HO A
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c. Commercial. Electr101ty use per employee is
analyzed for thegfollow1ng categor1es

'(1) Forestry, fishing, and construction
(2) Transportation and public utilities

(3) 'Wholesaleltrade
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‘(4) ‘Retail trade
(5) .Fiﬂance, insurance, and real estate
(6) Serv1ces and government
d. Electr1c1ty The NEPOOL model focuses on electric

consumption and -load distribution. Detail for this is pro-
vided at the following levels:

"r L2720 (1) Monthly ‘ , i
© (2) Daily

(a) Monday or day after holiday
(b) Tuesday through Friday

i

"t wee oonw v(¢)  Saturday _
: (d) Sunday or holiday
(3) Hourly.
5. Qutputs - - , ‘ R

Residential and commercial sector outputs are available

at a wide variety of disaggregations. For each state or
region these include: -

(a) Annual residential electricity ferecasts by total
housing type and appliance

(b) Annual commercial electricity forecasts by total
and commercial category

- (¢) Average residential electricity forecasts for
. monthly and hourly loads by total, sector, housing
type, and appllance '

S (d) Average commercial monthly electricity forecasts

for monthly and hourly loads by total and commer-
c1a1 categories .

(e) 'Peak load analysis for commercial and residential
sector by hour, day, and month.

6. Input Requlrements
NEPOOL simulations at the state level for re51dent1a1

and commercial runs are initialized with 1970 historical
economic and demographic data, residential housing and
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appliance stocks, commercial category employment levels,
electricity, gas, and fuel oil prices, appliance efficiency
and wattages, commercial category electricity use per em-
ployee, and relevant time of day, month, and seasonal load
patterns. These have been variously updated with calcula-
tion simulations run to 1975 and more recent dates. The
model is programmed so that each of these initial conditions
may be changed, but the important policy inputs to residen-
tial and commercial runs involve trend values or parameters
for future behavioral or technical factors. Major energy
use inputs are given below, excluding projections of demo-
graphic and economic rates.

(a) - ResidentialASectqr.

(1) Appliance saturations as functions of income
or housing types (these may be varied by the
user)

- (2) ‘Electric space heating penetrations as func-
tions of fuel costs and annualized initial
costs, sales expense, percentage of single-
family dwellings, urban vs. rural (these may

--be varied by the user) .

(3) Air conditioning saturations and electric hot
water heating penetrations

(4) Appliance efficiency trends and efficiency
goals ‘

"(5) Appliance usage tfends
(6) Honrly_and daily patterns of appliance usage
(7). Electricity price elasticities by appliance

(8) Trends in electr1C1ty, natural gas, and
o fOSSll fuel prices by region

(9) Changes in temperature-sensitive demand and
hourly load profiles for electric space
heating and air conditioning.

(b) Commercial Sector.

(1) Change in saturation rates for space heating
and air conditioning

*(2) Baseload growth in kilowatt hours per employee
for each commercial category
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(3)

Changes in temperature-sensitive demand and
hourly load profiles for space heating and
air conditioning

(4) Electricity price elasticities for kilowatt
hour per employee consumption
(5) Prices of electricity by region.
7. Sources of Data

Data sources too numerous to account for in this dis-
cussion were used in the development of the NEPOOL model.
There was, however, also development of primary source data
and analysis for both the residential and commercial sectors.
These are listed below:

(b)

(a)

Residential Sector

(1)

(2)

(3)

(4)

Appliance saturation rates as a function of
income and housing type by state were esti-
mated u51ng census public use samples and .
state income and housing data

Electric space heating penetration and pro-
motion costs were collected for New England
and national samples for 1966 to 1973 and
penetration calculated

Electric space heating and air conditioning
use matrices were derived from hourly demand
data in electric homes in Massachusetts and
Connecticut

Temperature insensitive load profile data
were collected for appliances from studies by
NEPOOL companies.

Commercial Sector

(1)

A retail trade energy consumption study was
undertaken in Connecticut and Maine in 1976
which provided the basis for most of the
baseload heating and cooling per employee
data for all commercial categories. This
included:

(a) Economic/Physical: Type of establishment,
" number of employees in each year 1970-
1975, business schedule, age of building,
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square feet of floor space, building
type, type of space heat1ng system,
percent of floor space air conditioned,
and type of A/C system.

(b) Behavioral: Electric energy consérvation
steps taken in past, and electric energy
conservation steps anticipated.

(c) Electric Energy Consumption and Related
Data: ‘Monthly electric energy consump-
tion, monthly dollar costs, and monthly
b1111ng dates.

(2) Hourly demand profiles were developed from
. metered observations of NEPOOL companies in
- 1968-1969 for all electric stores and offices.

The NEPOOL was programmed in a flexible manner so that
it could be applied at various regional levels (e.g., state,
SMSA, county) as long as the areas contained the majority of
employment and residences of their population. To date the
model is primarily applied at the state levels. The model
itself ie continually upgraded and updated and is rum fre=
quently for. NEPOOL member needs.

9; Computer Accessibility and Reguiremenﬁs

a. - General Description. The NEPOOL model is being
run on a CDC.CYBER 73-16 and a CDC 6500 under the SCOPE
operating system and. the INTERCOM time- sharlng system at
Battelle Columbus Laboratory. o

The model was developed by Battelle for NEPOOL,

' has been turned over to NEPOOL, and. is currently belng modi-

fied and updated by NEPOOL staff. Questions concerning the
model or its data bases can be directed to James R. Smith,
D1rector New England Power Planning, (413) 785-5871.

» ba;ﬂ Acce551b111tz ' The model and data bases are not

‘presently accessible to anyone but members of NEPOOL.  The
- proprietary requlrements placed on its use have limited the

public experience -with this tool, but:NEPOOL staff are sup-
portive of outside or cooperat1ve analysis within the con-
straints of the proprietary. strictures.

c-11 Residential



c. Transferability. The model and/or data bases are
not presently available for transfer. The data bases and
program are structured in the NUCLEUS language. (The NUCLEUS
system is a computer-based methodology featuring a structured

. programming language, dynamic simulation modeling, and a

DBMS including a report generator.) Because of its size and
complexity and because it is written in the NUCLEUS language,
the model would not be easily transferable even if it were
presently available for transfer.

d. Ease of Modification in System. The model is
presently very flexible both in its input and in the reports
generated from running it. It is possible to run segments
of the model.

, e. ' Documentation. The model is well documented in a
two-volume report by NEPOOL and Battelle Columbus Laborator-
ies entitled "Model for Long Range Forecasting of Electric
Energy and Demand." An update volume to the original two
volumes is also available. Appendix N of the two-volume
report is an instruction manual on how to run the system.
Although the above report does include a discussion of the
model implementation, that subject is dealt with more thor-
oughly in the publication "Program Listing of the NEPOOL
System."

4
i
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D. Micro Analysis of Transfers to Household/Comprehensivé
Human Resources Data System (MATH/CHRDS)

1. Purpose

. The MATH/CHRDS model was developed to provide simulated
data for distributional ana1y31s of household energy consump--
tion across various socioeconomic subgroups. A synthetic
micro data base has been 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. The model thus provides a basis for evaluating the
impacts on household energy expenditures of trends and
policy changes in energy prices, appliance eff1c1ency levels,
energy use patterns, and demographic and socioeconomic
‘variables.

2. Basis for Model Structure

- 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 llouseholds (MATH) model by Mathcmatica
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 characteristics on household energy use and expendi-
ture in the Comprehensive Human Resources Data System (CHRDS).

a. Overview of Model Structure. 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
then also updated to reflect exogenously determined aggregate
‘national and regional changes in fuels use, appliance owner-
ship 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 cooling fuels, space-
and water- heatlng fuels, number of rooms, type of structure,
household size, appliance ownership, family income, price of
fuel, and urban/rural location of the household

D-1 Residential




- The following outlines the major elements of the
"model structure.

: b. 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. These data
were adjusted to impute energy expenditure information for
renters and owners who did not report energy consumption
information (including most importantly renters who did not
pay their utilities separately). Imputation was by multiple
classification analysis developed for 1/1000 Public Use
Sample. Transportation-related data from other surveys were
also merged into the MATH/CHRDS file via a statlstlcal
matching technique.

The original MATH/CHRDS Data Base was a 1974
synthetic data base created by updating techniques on the
basic 1970 MATH/CHRDS base 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 i. below. A 1977 file was completed but is not
in use. A 1978 to 1979 file is contemplated for late 1980.

c. 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, Lhanges in economic 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, possibly, energy tax policies and credits.

d. Housing Stock and Fuels Use. The structure of
the future housing stock is simulated to reflect exogenous
macroeconomic 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
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and trends in home-heating fuel conversions. These changes
are made for randomly selected households in the sample
Similar changes can be made for fuel eff1c1enc1es and insu-
lation.

f Housing Survey, Census Bureau 'Surveys of new construction

e. . Apgllance Ownershlp Ownership rates are by
"income class for six major appliances. These rates are
exogenously specified .and changes are randomly selected for
households to conform to these specified rates.

f. Energy Expenditure. Home fuel expenditures for
each MATH/CHRDS household are imputed from the updated
demographic, 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 cooling fuel, space and water heating fuels,
number of rooms, type of structure, household size, appliance

. ownership, family income, fuel source, and location.

g. Income and Price Elasticity of Fuels Use.  The
model assumes the long-run fuels responses to income and
prices are incorporated in the earlier specified changes in
housing stocks and appliances 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 1ncome group, location, and other
demographic variables. -

h. The analytlcal technlques of the simulation model.
These include:

(1) Introduction of stochastic factors to rep-
resent the random changes in individual .
,behavipr

(2) Systematic ‘adjustment of randomly selected
files to represent exogenous changes in
demographic or economic conditions, or in -
‘housing stocks and appliance ownership

'(3) Econometrically estimated procedures for
imputing home fuel expenditure

(4) Markov Chain stochastlc processes to represent
transitions in household status, e. g , employ-
ment and earnings changes.

i. Updated 1975 MATH/CHRDS Data Base. The 1975
update was undertaken in part to assist development of a
r : 1975 End Use Consumptlon Data Base (ECDB) dlscussed in
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another chapter of this report. Although the resulting ECDB
was primarily an aggregation from the MATH/CHRDS file, it
also required usage and expendituré by fuel and functional
end uses that-necessitated augmenting of the original Data
Base. :

The 1975 MATH/CHRDS is essentlally the demographi-
caily 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 Studies Lifestyles and
Energy Survey. These included:

(‘1) «A1r conditioning -
(2) Insulatxun
(3) Storm windows

to.

(4). Storm doors
(5) Black and wh1te vs. color television.

1975 usage and expendlture were then inputed for
each fuel using 1975 gas prices, weather data, and distribu-
tional demographic and income information. The resulting
data base was then callbrated against industry control data

' The 1975 Data Base' is in current use for EIA micro
distributional projections and analysis from MATH/CHRDS
(e.§., for the '1978 and 1979 Annual Report to Congress of
EIA). )

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

3. Pollcy Varlables and Parameters

The MATH/CHRDS model can simulate 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 as these are affected by changes in energy
pricing in combination with changes in appliance efficiency
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levels, energy use patterns, and household demographic and .
socioeconomic characteristics. The results of the model are
limited to the direct effects of energy policy on energy
use. Feedbacks from changed energy use back onto housing,
appliance, income, and other goods expenditure behavior
need to be incorporated outside the model, and are not
currently Undertaken '

: W1th this caveat the major. conservation policy vari-
ables and parameters. wh1ch can-be applied to MATH/CHRDS
simulation include the. follow1ng

(a) Regional- or state-level prices for the five home
fuels: -electricity, piped natural gas, bottled or
LP gas, fuel o0il, 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 new homes and
appliances. There is, however, no present mechan-
ism to simulate retrofit behavior, although the
model structure, with some modifications, is
appropriate: for this since individual households
are identified by housing structure.

(¢) Probabilities of increased space heating fuel

efficiencies due to increased use of insulation by
type.: :

(d) Aggregate probability distributions of housing
structures, home and water heating equipment, fuel
~switching, 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 distrlbutions

(e) ‘Aggregate ‘distribution by income class of appliance
. ownership and fuel usage for six major appliances:
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 policies are estimated to
affect these distributions.

(f) Changes in energy-related taxes, rebates, tax
deductions, and in overall tax rates.
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4, Level of Regional., Sec‘toral, and Fuels Detail ' w

The CHRDS data files disaggregate household residential
data into categories which 1nc1ude

(a) Region and locatlon

-

(1) - State (though there is presently insufficient
data for statistical validity) :

(2) DOE region
(3) TUrban/rural
(4)  SMSA/non-SMSA

(b) Demographic-socioeconomic characteristics of each
household member:

(1) Age
(2) Race
(3) Sex

(4) Incoﬁe by 14 income sources -
(5) VEmbloyment status
(6) Market status
(c) Housing charactéristicé
(1) Housing type by: |
(i) 1-family detached
(ii) 1-family attached
(iii) 2-family building
(iv) 3-4 family buiiding
(v). 5-9 family building
(vi). 10-19 family building
A(vii) 20-49 family building
(viii) 50+ family building
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r o - (ix) mobile home .

(2) .Number'of rooms

(3) Number of stories B
(&) Year built |
L (5) Tyﬁé of heating equipment
(6) Home heating fuel
(7) Vater heatihg.fuél
(8) . Cooling fuel
(95 Tenure (rent/own).
(10) ‘Insulation | |
(11) ‘Storm windows
A(12)‘AStorm doors
(13) Appliances |
IVA<i):Awashing machine
 ,(ii)ﬂ clothes dryer
(iii) dishwasher
A(i?)' foéd ffeezer |
(vii) télevisions i
:(Viii)i air conditioners A
(d) Exﬁehditﬁre da;alon five types of,home fuels:
(1) Electricity
(2) Piped natural gés
(3) Béttied»or LP gaé
. (4) Fuel oil |

(5) Coal (though presént data are inadequéte).

D-7. Residential



'Fuéls‘eXpenditures are determined for each data file house-

hold, and these results are aggregated to represent the
distributional effects among different demographic and
socioeconomic groups of households. :

The model also contains transportation variables of
automobile ownership and gasoline. expenditure and consumption;
thus providing a full enumeration of household fuel demands.

5. OutEuDSu". g

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
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 transportation
varlables,,these changes for each simulation year 1nclude $ K

u'l (a) Demographlc - Populatlon characterlstlcs’are
altered to match control totals and to reflect

.. . changing demographic structure.

(b)“Economlc - Work experience variables and .14 basic
.+ .. .types of income are adJusted to reflect changed
R - .conditions. .

.'(c),wHOusing Stock Adjustment - Age distribution of .
- housing stock, type of space heatlng, and water
heatlng fuel are modified.

- (d) Appliance Ownershlp - Ownershlp of appllances for
..+ - ,each household is modified.
(e) Energy Expendltures - Annual household expenditures
on electricity, natural gas, bottled gas, fuel:
oil, and coal are "updated." .

,(f)' Elasticity Adjustment - Elasticity adjustments are
made for home fuel expenditures.

Further description of specific output and results can
be found. in "Residential Energy Consumption by Functional

*Brazzel, M., J. Hewlett, E. Reiser, and A. Silver, "A DlStrl-

- bution Analysis-of .the 1985 Energy Progectlons for the- Annual

Report to Congress of. the Energy Information Administration,

Analysis Memorandum AM/IA/78-09, (EIAC-DOE/EIA-0102/25),
June 1978. .
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End Use in 1975" (Jill King, 1979) and in EIA's Annual Report
to Congress, 1978, Volume Three.

6. Input Requirementé

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
publications. The 1975 updated Data Base rests heavily on
adjustments from the 1975 Annual Housing Survey and the 1975
Washington Center for Metropolitan Studies Lifestyles and
Energy Survey. Inputs to a model simulation are thus basi-
cally the updating and aging: parameters for projecting the
demographlc and socioeconomic characteristics, the energy
price scenarios for future years, appliance ownership rates,
and housing start forecasts. Specifics of these are indi-
cated below with potential input data sources.*

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

(b) Unempioyment1rate adjustment - Projected unemploy-
ment and labor force from appropriate Data Re-
sources, Inc., (DRI) forecast.

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

(d) Tax Péyments - Projected tax tables and payroll
tax parameters for simulation years.

(e5 Transfer Program Income - 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.

*King, Jill. The Distributional Impact of Energg Policies:

Human Resource Data System. Mathematica Policy Research,
Inc., June 1977.

~
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(g) Appliance Ownership - Data computed by user.

(h) Energy Expenditures-and Prices by Fuel, by State,

4 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 1nputs are necessarv tor the transportation
submodel.

7. Sources of Data

‘The 5 percent State Public Use Sample of the 1970
Census on Population and Housing provides the special sub-
sample 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 determinants 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 prov1des
updated data on employment and income for households in the
data file.

8. Other

MATH/CHRDS 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 further
dlsaggregated by distribution of income, locatlon, or build-
ing structure.
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EIA is in the process of incorporating changes in
MATH/CHRDS which will correct many of the present model
limitations. Principal among these is development of the
microsimulation model of household consumption. This will
provide a more complete consumer expendlture system to
account for indirect effects of energy price changes on
other goods and serv1ces

9. Computer Reqﬁirements

a. General Descr;ptlon ' The MATH/CHRDS system is
running on EIA's IBM 30-33 in the Forrestal Bu11d1ng in
Washington, DC, its only location. Only one version of the
system exists. The baseline data are not being modified.

The system is very large, consisting of modules
that update a data tape. The input tape is a set of char-
acteristics for about 200 households. A whole record is
read into the computer, parts of it are modified according
to the type of. run being made,. and the whole record, as.
modified, is written on the output tape.

For questions about the MATH/CHRDS system contact
Gerald Peabody, (202) 633-8508, or Eugene Reiser, (202) 633-
9397, of the Division of Regional, Socioeconomic and Environ-
mental Analysis, EIA. -

b. Accessibility. The MATH/CHRDS4system can be
accessed in two ways. The first is to contact Gerald Peabody,
(202) 633-8508, describing the type of run desired. He will
submit and carry out the run if adequate resources and staff
time permit. This method is preferred, since it would take
about six months to learn the system well enough to run it.
Alternatively, if funding is available, Mathematica Policy
Research, Inc., could make the ana1y51s (contact Ms. Jill

 King (202) 933- -9510) .

. The second method of accessing the system requires
that the user fully understand the system. A Policy and
Evaluation program manager must submit a Data Service Request
(DSR) to Marion King in the Office of ADP Services, EIA,

(202) 653-3600. After approval she will assign an account

number and password for -the computer system. Permission to
access the appropriate files must then be granted by Eugene
‘Reiser. A user can then run the MATH/CHRDS system.

‘ The EIA computer can be accessed by 300 and 1200
_baud remote terminals and is hooked up to TYMNET. Questions

concerning the computer installation can be addressed to lke
Digman at (202) 252-8959. : . .
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c. Transferablllty A copy of the latest version of
the MATH/CHRDS system can. be obtained by contactlng Jerry
Peabody or Eugene Reiser. Again, because it is a very large
system it would require a considerable investment in person-
~ nel resourcés to learn to transfer and operate it.

L The system is written in Fortran IV and, even
though overlays of data are used, 400 K to 500 K CPU storage
is required.

d. Ease of Modification in the System. The system is

fairly flexible at.aggregating and dlsaggregatlng information.

The potential is there for new assumptions for conservation-
type changes, but additional programming is often needed.
Programming changes can be made in the system under contract.

e. Documentation. 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" by Jill King and
"MATH/CHRDS: Technical Description'" by Mathematica Policy
Research. The documents, "MATH: User's Guide" and "ENERGY:
User's Guide," deal with the running of the system. There
is limited staff available for questions. In the past
Mathematica has given classes on the MATH part of the model.
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E. National Interim Energy Consumption SurVey (NIECS)

1. Purpose’ . '
i The National Interim Energy Consumption Survey (NIECS)
is designed to provide current information on energy, consump-

tion in households. It is a one-time, national residential -
survey that was conducted during the winter of 1978 1979.

NIECS has three primary purposes:

(a) Provide current information on energy consumption
: in households, 1nclud1ng rental households ‘

(b) Test the procedures and methodology for a larger

' ‘(more sample points) Residential Energy Consumption
Survey (RECS) to be conducted during 1980 and
periodically thereafter

(¢) Provide current information on household automobile
fuel consumption

(d) Provide a comprehensive, detailed assessment of
the energy-related characteristics of 50 households.

In addition, a quick-response survey of NIECS respondents

"who use fuel o0il as thcir main heating source was conducted

in August and September 1979, to collect information on fuel
oil consumption, expenditures, and conservation activities.

NIECS was conducted and is maintained by EIA.

2. Strucﬁure'and Level of Detail

NIECS consists of three surveys. A fourth was designed
and conducted separately using the NIECS survey sample It
is considered a NIECS-related survey and, therefore, is also
described here. The largest of these four surveys, or the
"basic" survey, is a sample of 3,843 household units in the
48 contiguous states plus the District of Columbia. A :
second NIECS survey is a separate two-month survey of a
subset (500 to 1,000 households) of the basic sample de51gned
to record automotive fuel usage. A third consists of a

'detailed assessment of the energy characteristics of another -

subset (50 households). The fourth survey is- a separately
ordered survey of 498 NIECS households that use fuel oil and
kerosene as their primary source of heating energy.
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’.
At the timeof this writing (June 1980), information is _f
‘available only from the basic and the fuel oil surveys. For - »
the fuel o0il .survey, ‘tabular data. in fuel oil inventories
and expenditures have been published. For the basic survey,
both prellmlnary and final'compilations have been published
summarizing the characteristics of housing stocks and
households and energy conservation practices and responses
during the survey period. The preliminary data lacked
information about space and water heating fuels used in
rental units. These data were provided from a mail question-
naire. A computer tape providing the basic survey data file
has been released so recently that analyses of the NIECS
data and incorporation of the.tresults for energy conservation
planning are only beg1nn1ng

The 1nformat10n now available from the basic survey
summarizes energy use on an annual basis. Later in the
summer, energy use information will be published by billing
period also. The information from the other two NIECS
surveys is also expected to become available during 1980.
The Residential Energy Consumption Survey (RECS) patterned
after NIECS is due to begin in September 1980 and will
provide annual information on household energy consumption
and conservation. 4

The characteristics of the data summarized in the
following sections are for the basic and the fuel o0il surveys
only. The information that will become available from the
other two surveys is descrlbed brlefly in Subsection ¢
below.

a. Ba51c NIECS Survey. Data are collected in the
basic survey from a household questionnaire and from monthly
fuel billings requested from fuel suppliers. The household
questionnaire provides data on housing stock characteristics,
appliance stock characteristics, heating fuel characteristics,
and selected socioeconomic characteristics. Monthly data on
the amount of fuel sold and the price paid by each household
are provided from fuel supplier records. Data collected
include: .

(1) Hoﬁsing stcck characteristics
(a) Regional -
u (i) Northeast
(ii) North Central

(iii) South

E-2 Residential



(iv)

West

(v) Urban .

(vi) Rufal

" (b) Ownership/rental

(c) Utilities paid

(d) Type

(i)
(ii)
(iii)
(iv)

(V)

(e) Year

(f) Size

(1)

(ii)
(iii).

(iv)

(v)

(vi)

(ii)
(iii)

- (iv)

(V).

of housing structure
Single-family detached

Siﬁgle-family attached .

"Building with 2 to 4 units

Building with 5 or more units
Mobile home

house built

of residence (square'feet)
Less than 500 |

500 to 999

1,000 to 1,499

1,500 to 1,999

2,000 to 2,999

3,000 or more

:(g) Ngmber of floors
(i) |

'One
One and one-half
T&Q
Two and one-half

Three or'more

L
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(h)

Number of rooms

(1) Number of windows:per room
:(j) Insulatioh
- (1) Inches of attic insulation
(ii) Presence of wall insulation
(k) Majér conservation measures undertaken
1977 to 1978
(1) - Wiﬁdow‘shading
(ii) Weatherstripping
(iii) Attic.insulation
(iv) Wall insulation
(v) Crawl space\insulatioh
(vi) Thermostat controls
'(Vii) VWrap hot water pipes
(viii) Hot water heater wrap
(ix) Heat puﬁp purchase
(x) New hot water heater
(x1) Furnace charge
(xii) Caulking
(1) Air conditioning
(i) Central{air conditioning only
(ii)"IndiVidﬁal room units‘only |
(iii) Ceﬁtral air conditioning and room
units
(iv) No air conditioning
(m) Numb

er of rooms air conditioned
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(n) Value of residence

(1)
(1)

L (dii)
(iv)

(V)

(vi)

Less than $20,000
$20,000 to $39,000
$40,000 to $59,000

1$60,000 to §79,000
$80,000 to §99,000
$100,000 or more-

(o) Monthly rent

(i)

(ii)

(iii)

Less than $149

"8$150 to $299

$300 or more

(2) Appliance stock characteristics

(a) Number of refrigerators

" (b) Refrigerator features

(c) Separate food freezer

(d) Number of electrié ovens

“(e) ‘Number of gas ovens

(f) Oven features

(i)

Electric oven

-  Self cleaning

- Continuous cleaning

(ii)l Gas oven

- Self cleaning

- Continuous cleaning

(g) Microwave oven
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(h) Range or countertop burners: gas,
electric’

(i) Cooking fuel used most

(i)
(i)

(iii)

(iv)-

(;I);' Washing machine

]

;ES
(ii)

Electricity -

Natural gas

LPG

Other

Automatic

Wringer

(k) 'C10£hes dfyer_‘

(i)
C(id)

'Electric-

Gas .

(1) Dishwasher

(3) leating fuel charactcrioticso

(a)' Primary heating equipment

(i)

(ii)
(111)

(iv)

A.4'KV)

(vi)

‘(vii)'

(viii)
(ix)
(x)

'(xi)

Warm air furnace with ducts
Electric heat pump

Steam or holL waler system
Héf_water pipes (radiant heat)
Floor,.wall, or pipeless furnace.
Built-in elect;ic uﬁits

Room heaters with flue

Room heaters without flue

Fireplace or stove

Portable space heaters

Other .
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(b) Primary heating fuel
(i) Natural gas
(ii)' Fuel o0il, kerosene
o (iii) Electricity
| -(iv) Liquid petroleum gas
(v) Wood |
(vi) Other
(c) Fuel for secondary heating equipment
(i) Wood
(ii) Electricity
(iii) Natural gas
(iQ) Fuel o0il, kerosene
(v) Liquid petroleum gas
(vi) Other
(d) Wéter heating fuel
(i) Natural gas
(ii) Electriéity
(iii) Fuel oil, kerosene
(iv) Liquid petroleum gas
(v) Other
(e) Most used cooking fuel
(i) Natural gas,
(ii) Electricity

\(iii) Liquid petroleum gas
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(f) uHéating and cooling degree days
(i) <2000 CDD and >7000 HDD
(ii) <2000 CDD and 5500-7000 HDD
:(iii) <2000 CDDland 4000-5499 HDD
(iv) < 2000 CDD and <4000 HDD
| (v) >2000 CDD and <4000 HDD
(4) SOCiééCOnomic characteristics
(a) . Number otAhouéehold members
(b) Number of full-time wage earners
(¢) Full-time employment .
g : (i) Respondént married

= Only resporndent employed full-
time

- Only spouse employed full-
time

- Both employed full-time
- Neither employed full-time
(ii)H Respondent not marvied:

- Respondent employed full-
time

- Respondent not employed full-
~ time

(5) Fuel supplier daﬁa for each household
(a)  Total amounts of fuel used
'(ii Electricity
(ii) Gas

(iii) Fuel oil

E-8 Residential



(b) Total price paid
"(i) Electriciﬁy
(ii)‘ Gas
(iid) Fuel oil.

A b. NIECS Fuel 0il Survey. The quick-response fuel
0il survey contains data for single-family housing units on
fuel consumption, changes to the heating system, status of
fuel inventories in August 1978 and August 1979, and any
conservation changes performed on dwelling units since the
fall of 1978. The data cover:

(1) Fuel eonsﬁmption.ahd price
(a) Heating period | |
o (i)‘ SePtember 1978 through March 1979

.(ii) Septembef-1979 through March 1980
(iii) .Aprii 1978 through Augusﬁ 1978
(iv) -April 1979 through August 1979°
' A(b) Average gallons de11vered |
Ke) Total gallons delivered
“.v(d) Average expenditures
.(e)  Household income
4(1) Under $15,000 _
(11) $15,000 and ovef
(f5 fAverage price
(i) 1978
(ii) 1979
(1ii)‘ Month
- :April

-+ May
- June
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(g) Heating degrée days
-(2) Changes to the heating system
| (é) Plané for winter of 1979-1980
| (1) Wili continue to USé fuel oil

"(ii) Have converted or plan to convert:
from fuel oil to: -

- Utility gas -
- Wood
- .  Other

‘ (b) Plans for supplementary fuel use in
the winter of 1979-1980

() Furnace cleaning and other heating sys-
tem changes between September 1978
and August 1979
(i) Furnace cleaned
(ii) ‘Nozzle replaced

(iii) New furnace installed

(iv) Flame-retention heat burner in-
: stalled :

(v). Thermostat recalibrated
(Qi) Home heating‘syétem zoned
(vii)‘lAutomatlc flue door added
(3) Status of fuel inventories
(a) Proportion of tank filled
(b) Date
(i)  August 1978
~(i1) August 1979

(c) Storage tank capaC1ty (August 1979
only)
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"(4) Energy conservation changes
(a) . Period
(i) January 1978 to November 1978.
(i) Deéémber 1978 to August 1979
(b) Type of chénge .
(i) Weatherstripping and/or cauiking
(ii) Types of insulation |
| - Roof or attic
‘,-l Outside walls

- Hot water pipes or heating
ducts

T Basement or crawl space
-  Other

(iii) Storm windows and/or insulating
glass

(iv) Storm doors and/or insulating
glass

(v) Automatic or clock thermostat.

~.c. Additional Survey Components. Two additional
surveys were conducted using subsets of the basic survey -
sample. A transportation panel comprising between 500 and
1,000 households was initiated in June 1979. Participating
households have been asked to keep a log of their fuel
purchases and automobile odometer readings for a two-month
period. ‘Separate tabulations of ‘gasoline consumption and
miles-per-gallon data are planned.

A residential energy assessment study is being
performed on 50 NIECS household dwellings. Trained tech-
nicians are analyzing exact square footage, temperature
distribution in various parts of the house, the presence of
insulation, and the features of the major appliances in the
house. This study is being used to test the feasibility of
collecting technical data during future RECS surveys and to
provide technical information that can be used to test the
validity of other NIECS survey results.
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3. ' Source of Data or Sampling Method

The NIECS sample is a representative area probability
sample consisting of 103 primary sampling units (PSUs). A
‘These PSUs were selected from approximately 1,140 PSUs that
collectively form a mutually exclusive and exhaustive divi-
sion of the 48 contiguous United States plus the District of
Columbia. Region, metropolitan status, and size classifica-
tion were the primary considerations in the selection of the
PSUs sampled.

Within each PSU, secondary sampling units (SSUs) were
defined. Based upon 1970 Census counts, 400 SSUS were
selected from the 103 PSUs. An addilivnal 56 SSUs were
selected independently. These 56 S5S5Us comprised 4 prub-
ability selection of areas that had undergone substantial
new construction since 1970. This effort to locate areas of
new construction was undertaken to control the variation in
cluster size.

Within each SSU, a subdivision was made. Census block
statistics and rough field counts were used to break up each
SSU into segments. These segments were formed so that they
ultimately contained about 25 households. From these, a
sample of 10 or 11 households was selected to be visited.

The resulting national sample contained 4,507 household
units.

Of these 4,507 household units, interviews were obtained -
from 3,843 households, yielding an initial response rate of
about 85 percent. Subsequently, mail questionnaires were
- sent to the 664 households that were not interviewed.
Completed mail questionnaires were received from 239 of the
households. This additional effort increased the response
rate by around 5 percent.

Through waivers obtained from the respondents, suppliers
of heating energy were contacted to obtain information on
the quantity of energy or fuel supplied by billing period.
The fuel used by apartment dwellers was obtained from apart-
ment managers.

4, -Access to Data

Preliminary NIECS data are available in printed form as
percentages of total households responding in each category.
The final data files are now available on magnetic tape.

This file contains fuel usage data on an annual basis.
Another data file containing fuel usage data by billing
period will be available in late 1980 or early 1981. Data
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from the transportatlon panel will be available during the
last half of 1980. Data from the fuel oil users quick-
response survey are available in printed form.

NIECS .and its ancillary surveys were conducted and are
maintained by the Office of the Consumption Data Systen,
Office of Program Development, Energy Information Division,
Department of Energy. Questions concerning NIECS may be
addressed to Wendel Thompson (202) 644-5533 or Leslie Whit-
aker (202) 634-5483, of EIA's Office of Consumption Data
Systems. - :

5. Computer'Requirements

The ''basic' survey results on computer. tape were re-
leased in late May 1980 and are.available from EIA as the
"Preliminary Compilation of the National Interim Energy
Consumption Survey Data File.'  These are on 7-Track 800 BPI
BCD character tape. The tape contains a paragraph descrip-
tion, a card image SPSS file, and a card image of the late
paper from the household energy use file. Contact Leslie
Whitaker (202) 634-5483 in the EIA Offlce of Consumptlon
Data Systems for further 1nformat10n

6. Comparlson of the NIECS Data With Other Survey Data

_ The National Interim Energy Consumptlon Survey provides
a~-great deal of primary data concerning details of residential
energy use at national and regional levels. ' The NIECS dis-
aggregation by types of buildings, fuels used, end use, fuel
. price, monthly consumption of each fuel, and various socio-
.. economic and demographic factors offers significant advances
- in some areas of data collected for energy consumption
analysis and forecasting. A comparison to three other
surveys of similar scope is given below in Table E-1 to
indicate several of these major differences. Two surveys,
the Annual Housing Survey and the MRI Appliance Survey, are
discussed in more detail in other sections of this report.

TABLE E-1.. COMPARISONS OF THE NIECS WITH THREE OTHER SURVEYS

Annual Housing Survey, U.S. Census Bureau

NIECS Advant;ges - - AHS Advantages -
Provides energy price and consumption " Offers larger sample size which
data for all fuels per household permlts state and SMSA disaggre-
‘ gation
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TABLE E-1. (CONTINUED)

Annual Housing Survey, U.S. Census. Bureau (Continued)

NIECS Advantages

AHS Advantages .

Offers continuing annual survey
permitting time series analysis
[ (though NIECS will be followed
by the annual Residential Energy

Presents data on-conservation responses
and existing conservation measures,
especially insulation. Provides more
detail on building thermal character-

istics, especially window and floor
area : '

Provides data on wider variety of
appliances, especially freezers,
ovens, refrigerators, dryers, and
" washers '

+

Consumption Survey (RECS)] -

Givas more detailed financial,
demographic, and locational data

4

Patterns of Energy Use by Electric Appllances
by Mldwest Research Institute

NIECS Advantages

Provides more recent data
(1979 vs. 1976)

Gives fully national sampling
without rural and renters gaps

Larger sample size
Greater disaggregation of"housing '

types, conservation measures, and
conservation responses

Gives'moreAdetailed demographic data

Collects monthly consumptlon data on
all fuels

Collects data‘dn renters character-
istics and usage

'Estimates.age of housing
Gives rental and homeowner data

Expects to provide annual data series
through RECS

E-14

MRI Advantages

Provides much more appliance
detail, especially size, age,
types of electric appliances,
and appliance usage by kWh per
month

Notés whether house has gas.
available for fuel choice .

Presents data more amenable to

microeconomic analysis from
individual households

Provides. data on attitudes to-

ward energy consumption
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- TABLE E-1.

. (CONTINUED)

. Lifestzlés and Household Energy Use, 1972-1975

by Washington Center for Metropolitan Studies

" NIECS Advantages

'prvides more receﬁt data
(1979 vs. 1975)

Provides more data on conservation
measures undertaken,

Gives fully national sampling with
better response rates and fewer
data gaps

Offers larger'saﬁple size

Gives energy consumption by all
fuels, (WCMS has fuel oil by home-

WCMS Advantages

Gives data on consumer attitudes
_toward energy consumption

Shows longitudinal data for some
households common to the 1973 and
1975 samples

Provides data on changes of resi-
dence '

Shows stock and behavior changes
over a two-year period when energy
prices and supplies were changlng C

owner response) plus gas ‘and
electric suppliers data

~Expects to provide annual data

seéries through RECS

7. Possible Changes in NIECS for the Future Natlonal
‘Residential Energy Consumption Survey -

‘As is the case with most surveys, it is possible to im-
agine additional questions and details that could have been
added to NIECS, or in this case, to the forthcoming annual -
Residential Energy Consumption Survey (RECS) that is pat-
terned after NIECS. Examples of ‘this can be found in the
advantages identified in the other surveys listed in the
previous section. A more systematic list and Justifications
for changes in the NIECS/RECS survey instrument are given
in a recent EIA draft report "A Review of Residential Sector
Energy Consumption Information Requirements," (McGrady and
Oleson).. The report reviews specific data items which would
assist the modeling, analysis, and evaluation of residential
energy consumption. These are matched against the data
collected in NIECS, and a prioritized list of additions to
NIECS is suggested. A summary of these findings is listed
below. A detailed discussion is found in the EIA report.

: In general, major areas identified where data are
-needed for residential energy consumption analysis include:
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(a)
(b)
(¢e)
(4)
(e)
(f)
(g)
The

Thermal characteristics of housing units (especially
size, insulation, and air tighteners)-

Characteristics of household appliances (especially
year of manufacture, capacity, and efficiency)

Appliance purchase behavior by consumers (especially
regarding price versus efficiency trade-offs)

Fuel costs and availability by households
Weather

Household characteristics

Appliance utilization.

data collected in NIECS and in the future RECS,

should satisfy many of these requirements, except that of
appliance purchase behavior. The study, however, identifies
several critical items which, if added to the NIECS/RECS
format, would enhance the usefulness of the collected data. ’

a.

Housing Thermal. Major additions to better ‘estimate

the thermal éenvelope include:

b.
clude:

(1) Type and amount of insulation in walls and
floors

(2) Type of foundation
(3)_'Materials'of‘extefior wallg

(4) Existence of unfinished attic

(5) Number of windows by‘size and type of frame

(6) Some measure of air tighteners to complement
the information on insulation.

Appliance Stock. Items that might be added in-

(1) Television
(2) Humidifiers
(3) Dehumidifiers

(4) Swimming pool equipment

E-16 Residential

S



(5) Business or farming equipment using the
household fuels. .

c. - Appliance Characteristics. "'Those that might
better assist analysis. and predictions of appliance energy
consumption, operating cost, and estimates of changes in
future appliance stocks include:

. (1) Appliance capacity
(2) Year of manufacture
(3) Appliance model and possibly efficiency.
d. - Fuei Ch01ce For fuel choice, the addition of

availability of natural gas hookup would indicate the fuller
possibilities for changing heating systems.

: e. Appliance Utilization. Simple measures of appliance
ut111zat10n could be added including:

R (1) Thermostat settings

(2) Hours or number of times per day estimates of
appliance use

(3) Household activity . hours.

There is little questlon that the addition of these
details to the future RECS questionnaire would assist the
energy conservation research and planning. These gains,
however, must be weighed against the added cost of collection.
Apparently, the more detailed Energy Assessment Subpanel of
RECS has been dropped for these reasons. That Subpanel
would have collected physical meaures of the houses and
appliances, providing more precision to appliance and hou81ng
physical and thermal characterlstlcs and to the resident's
behav1or
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F. Energy Consumption Data Base:
Household Sector

1. Purpose

The Energy Consumption Data Base (ECDB) was developed
by EIA to provide historical estimates of energy consumption
and expenditure for eight major sectors of the U.S. economy:
agriculture, mining, construction, manufacturing, transporta-
tion, commercial, household, and electric utilities. The
data are categorized by sector of the economy, end use, and
geographic -area for 1967, 1971, and 1974. The estimates
have been derived from many different sources and do not
rcly entirely on primary survey data. ‘Though plans call for

these to be updated and revised as better and more recent

data become available, to date this has not been undertaken

systematically across all eight sectors. However, a 1975

file for the household sector has recently been implemented.

- The purpose of the ECDB is to assist DOE (and earlier
FEA) and other government agencies in the design, development,
and collection of energy information in statistical and
forecasting activities and in the analysis of the impacts of
energy policies and fuel prices on investment decision,
various user groups, and geographic areas. For the household
sector of the ECDB, this information was strengthened with
the inclusion of data on income level and housing structure.
Household consumption data, however, are not published at
the state level, but only at the national and census division
level.

The household data file contains cross-classification
of energy usage, energy expenditures, and number of fuel
users by fuel type, end use, geographic area, type of struc-
ture,.and income class. Five fuel types, eight end uses,
five housing structures, and five income classes are distin-
guished. The 1967, 1971, and 1974 data for the household
sector of the ECDB were accumulated and derived by Energy
and Environmental Analysis, Inc. (EEAI). The 1975 data file

" was developed by Mathematica Policy Research, Inc., using

their MATH/CHRDS model discussed in another chapter of this
report. Consistency of data and file elements is, however,
maintained across the 1967, 1971, 1974, and 1975 data bases.

2. Structure and Level of Detail

a. Consumption Data File. The primary source of in-
formation to create the ECDB household sector was the micro
data file produced by Mathematica Policy Research, Inc.,
from the 5 percent Public Use Sample of the 1970 Census.

F-1 Residential




This file was also used for the MATH/CHRDS model discussed
in an earlier chapter of this report. The file provided
detailed information on demographic, socioeconomic, housing,
fuel, and appliance characteristics of the households. This
was adjusted by Mathematica Policy Research, Inc., and later
by EEAI to account for nonresponses on energy consumption .
information (including, most importantly, renters who did
not pay their utilities separately). This adjustment was
introduced to the file via multiple classification analysis
from the 1/1000 public use sample and corrected by estimates
of an average 35 percent underreporting.

More detailed descriptions of the methodology and data
to create the ECDB are given in the Energy Consumption Data
Base, Volume 111, Chapter 7 of the EEAT development and in
"Residential Energy Consumption by Functional. End Use in
1975" for the Mathematica Policy Research, Inc., development.

b. Update of Consumption Data to 1967, 1971, and 1974.
The 1970 consumption data were updated to 1971 and 1974 and
backdated to 1967 by EEIA. Changes in fuel prices, income,
demographic composition, housing and appliance inventory,-
and climatological factors were accounted for. Income and
price elasticity of demand were not available by income .
classes, so that Mathematica's average elasticities by fuel
type were used with income variations at the state level
only. Space heating demands for each year were adjusted for
variation in heating degree days. Changes in household
demographic composition, and in number and type of structures
were used to estimate energy use. The housing stock changes
were measured outside the data base and households were
apportioned to the changes proportionately by income class.

c. End Use Estimates for 1967, 1971, and 1974. End
use estimates were developed by fuel, income, region, and
housing structure for each major house appliance. This was
accomplished using Census estimates of the distribution of
appliances, trade association and engineering standards for
average energy consumption values of the appliances, and
total consumption estimates by fuel, income, region, and
housing structure from the updated household consumption
data file.

d. Update to 1975 Data. A variety of new data sources
were available for the 1975 ECDB. These include the 1975
Annual Survey of Housing, the 1975 Washington Center for
Metropolitan Studies Energy Survey, the 1972-1973 Consumer
Expenditure Survey and the Midwest Research Institute Appli-
ance data. The MATH/CHRDS micro simulation model was used
to incorporate these new data into the ECDB instead of
extrapolating from the EEAI methodology.
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The MATH/CHRDS model is designed to project and
update a data base of individual households. The basic data -
of the MATH/CHRDS system is the 1970 Census Public: Use
Sample discussed above. This is updated and/or projected to
subsequent or future yeéars by varying household specific
characteristics to conform with aggregate data or projections
of those data. Usage and expenditures on individual fuels
are imputed to each household on the basis of its new charac-
teristics and the behavioral equations relating those to its
resulting energy consumption. The results are-then adjusted
to be consistent with aggregate data from outside sources.

The ECDB for the household sector in 1975 was
‘extracted from the 1975 MATH/CHRDS file by computing the
usage of each fuel by end-use function and calculating the
aggregate usage, expenditures, and users by geographic area,
fuel type, functional end use, type of structure, and income.

_ e. Level of Detail. The resulting output is avail-
able cross-classified by the following variables:

(1) National and nine census regions

(a) New England
(b). Middle Atlantic
(¢) South Atlantic
(d) East North Central
(e) East South Central
(f) West North Central
(g)- West South Central
(h) Mountain
(i) Pacific

(2) Fuel types
(a) Coal
(b) Kerosene
(c) Distillate oil
(d) LPG
(e) Natural gas .
(f) Electricity
(g) Other

(3) Functional use

Space heating
'~ .Space cooling
Water heating
Cooling
Lighting

L~~~
OO0 TR
e e e
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) Clothes drying
) Refrigeration
) Other appliances

o0 Hh

-
(
(

(4) Type of structure .

- . (a)  Mobile home
- - (b) . Single-family detached .
- -, (e) .Single-family attached
. . (d) Multifamily attached
~-.(e) Multlfamlly detached

(5) ‘Income of household (for 1974)

Less Lhdu 83, OOO

$3,000-85, 999

$6,000-$9,999

$10 000- $14 999 ‘ ,
$15,000-$24,999 = . .

More than $zb 000 L .

Fh® RO TP

B

Energy consumption data from ECDB are available in physical
units, Btu,, and .dollars..

[

3. Sources ofKData

]
i

\ ©roanye

r,o The basic household data for the demographlc hou51ng
stock, .income, -and, reglonal dlstrlbutlon derive from the 5.
perceptrPubllc Use Sample discussed earlier and adJusted for
gaps in energy data for renters by the 1/1000 Public Use
Sample and. more recently the Midwest Research Institute
study of gang-metered electricity in apartments.

The end use breakdown for appliances for the. 1967,
1971, and 1974 dala was accomplished using the sources shown
in Table F-1. The 1975 update drew off many of the same
sources but also drew heavily on 1975 Annual Housing Survey
for information on housing stock and their occupants, and
the 1975 Washington Center for Metropolitan Studies Energy
Survey (WCMS) for characterlstlcs of the housing units,
stock of appliances, and exact usage of electricity and
piped .gas. The 1975 Annual Housing .Survey and WCMS were.
used to augment the MATH/CHRDS file for air conditioning,
insulation, storm windows, storm doors, and television use.
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. TABLE F-1.

t

Information

Usage

‘1.

Percentage of households using:
a particular appliance (e.g.,
24% of the poor/mobile homes
in Alabama have electric
clothes dryers).

Percentage o[ huuseholds using
fuel for space heating, cook-
ing, and water heating.

Percent-ge of households using
fuel for air conditioning.

Average Consumption

4,

Source:

Average amount of -energy con-
sumed by: clothes dryer,
washing machine, TV, dish-
washer, and water heating.

Average amount of energy con-
sumied in space heating and
air conditioning.'

Average amount of energy con-
sumed in lighting and cooking.

2

Average amount of enefgy con~
sumed by: refrigerator, stove.

Energy and Environmental

Variables

Varies by income class -
8ix breakdowns.

Varies. by state,

Varies by region and
income.

Same for all households.

Varies by region and
housing type.

Varles by housing type.

Varies by two breakdowns

.of housing types: apart-

ments and mobile homes
vs. single-family
housing.

VARIABLES AND SOURCES FOR END USE BREAKDOWNS

Sources

1970 Census Popuia-
tion Report.

"1970 Censﬁs of Housing.

1967, 1971 Consumer
Buying Indicator, 1974.
Survey of Purchases

and Ownership.

Edison Electric In- '
stitute, American Gas .
Association, and
engineering standards.

-

A.D. Little.

Edison Electric In-
stitute, American Gas
Association, and
engineering standards.

Edison Electric In-
stitute, American Gas
Association, and

engineering standards.

Analysis,A Inc., Energy Consumption Data

Base, Household Sector, Final .Report, Vol. III, Chapter 7, Arlington,

VA, April 1977.
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4 . Access to Data

The DOE/EIA publication, End Use Energy Consumption
Data Base: Series 1 Tables, provides a summary in tabular
form of the data in ECDB for 1967, 1971, and 1974. Selected
tabulations from the 1975 household sector ECDB are given in
Appendix F of "Residential Energy Consumption by Functional
End Use in 1975" by Mathematica Policy Research, Inc. The
actual data base for 1967, 1971, and 1974 exists in two
forms: (1) as a sequential file on tape for each trans-
ferability, and (2) as a random access file on EIA's IBM 30-
.33 in the Forrestal Building in Washington, DC. The advan-
tage of the random access version is that it operates under
the ADABAS dJdata basc management system, thus making it easy
to generate a formatted report of any part of the data base
using English-like commands.

The 1967, 1971, and 1974 ECDB version as a sequential
file on tape is available with documentation through NTIS--
the National Technical Information Service, U.S. Department
of Commerce, Springfield, Virginia 22161. There are no
security restrictions. The random access file version is
not available for transfer.

The data tape for the 1975 ECDB is available at the
Department of Energy computer facility. The tape and file
classifications are consistent with the DOE End Use Consump-
tion Data Bse for all sectors, though it has not been fully
integrated into DOE/EIA documentation and use. Description
of the tape files and their access is presently given only
in Appendix F of "Residential Energy Consumption by Function-
al End Use in 1975." Questions concerning ECDB can be
directed to Bruce Egan of the Energy Use Systems Devclopment
Division, (202) 634-5481.

5. Computer Requirements

‘ To access the EIA computer, a DOE project manager must
submit a Data Service Request (DSR) to Marion King in the
Office of ADP Services, EIA, (202) 653-3600. After approval,
she will assign a valid account number and a password will
be assigned. After getting access to the computer one must
get permission from Bruce Egan to use the appropriate files.
The EIA computer can be accessed by 300 and 1200 baud termin-
als and is connected to TYMNET. Questions concerning the

computer installation can be addressed to Ike Digman at
(202) 252-8985.

The DOE/EIA publication, "End Use Energy Consumption
Data Base Version 110 User's Manual," describes the logical
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makeup of both forms'.of the data base and how to use them.
For the random access version, this manual describes the
ADABAS data base management system; however, the user will
also have ADABAS manuals.at his disposal.:.
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G. Patterns of Energy Use by Electrical

Appliances Data Base

1. Pu}pose

This data base was compiled by the Midwest Research
Institute (MRI) for the Electric Power Research Institute
(EPRI). The objectives were to aid: ' :

 (a) . EPRI efforts to assess energy conservétion policies
" such as appliance efficiency standards and labeling
requirements,_and'changing building practices

(b) Electric utilities in conducting load research and
' in assessing the impact of changing appliance
saturations on total energy use.

Another potential.uSe of this data base is to explore the

relationship between regional and household characteristics
and appliance energy use patterns.

2. ,Structure and Level of Detail

The data base contains information on 1,985 households

. .distributed among 16 cities (4 cities per major census

division). The following characteristics were collected for
each household in this nationwide probability sample:

(a) Type of residential area (urban or sﬁburban)
(b) Type of residence (single or multifamily)
(¢) Number of'occupanté per household

f(d)' Relétionship 6f occupants
(e) Age'of head of household
(f) Cross family income

(g) Embloyment status

~(h) »Method of héating home

- (i) Availability of gaé
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(j) Physical characteristics of house (size, areas
insulated)

(k) Type of major and minor appliances owned

(1) Monthl&jhousehold electrical energy usage (kWh)
(for April 1976 to July 1977) _

(m) Monthly electrieity‘bill (dollare).

Follow-up inforﬁatien was collected for 1,467 of the house-
holds on home heating fuels and systems and included:

(a) Major’heating fuel

(B) Major'and secpndary heating systems

(c) Cooking'fuel - |
 (d) Clothés drying fuel (iftappropriate)

(e) Whether additional insulation had been added to
~ the home recently, quantity and location

(f) Water-heating fuel.

Moﬁthly electrical energy ueage by appllance was measured
by individually metering the major appllances in 150 homes
(a probability’ sample selected from the primary sample of
1,985 households). A total of 579 major appliances were
metered and data collected monthly for one year. The major
appllances metered weére:

(a) Refrlgerator and refrigerator/freezer -

(b) Freezer

“(c) Eiectric range (free-stending) ' v

(d) Electric cooktep (built-in)

‘(e) .Electric.-oven (built-in).. .. .

- . (f). Electric water heater
‘(g)f.Dlshwasher o
(h) Clothes washer

(i) Electric clothes dryer
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(j) Room air conditioner..
(k) Central air conditioner
(15 Central eleétric furnace
(m) Swimming pool pump.:

- For approximately 700 gas-heated households in the
primary survey, the following data were compiled:

(a) Quantity bf'gas consumed monthly

(b) Monthly gas bill.

3.  Source of Data and Sampling Method

The 1,985 households in the primary sample were selected
by stratified sampling. The subject population (households
'in urban and suburban areas) was stratified twice - first by
region (i.e., Northeast, South, North Central, West) and
then by size of city (population greater tham or less than
1,000,000). Four cities were selected to represent each of
the four regions. (see Table G-1). The number of households
selected from each city was determined by weighting the city
according to regional population, then classification size
population, and finally population of the city itself. The
survey population did not incﬁude rural households.

Apartment dwellings were undersampled because most
apartment units were not individually metered. Individual
metering was.a prerequisite for inclusion in the sample.

Primary household characteristics were ascertained by
means of personal interview. A standard questionnaire was
used by the .interviewer. Home heating data were acquired by
telephone survey. ‘Household monthly electric bills were
supplied by the electric utilities. The customers signed a
release for this information.  Electric energy use by in-
dividual appliance was measured by means of special kilowatt-
hour meters attached to the appliances and read monthly.

The surveys were conducted between April 1976 and July

1977. Though the original data are presently being updated,
the data base is still that from the original surveys.
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- TABLE G-1. SURVEY LOCATIONS*

, , Sample
. vy al . .

Region - Size— City Size
Weast | . Large’ - . Denver, Culourado 120
San Diego, California 150
" Not Tucson, Arizona ' 60
Large - Spokane, Washington 50

South Large Miami, Florida - 105 .
New Orleans, Lotiisiana v 8D
NoL Lubbuck, Texas 22V
Large - Owensboro, Kentucky 95
j North . Large Minneapolis, Minnesota ' 135
i Central St. Louis, Missouri : : 175
Not Des Moines, Iowa o 145
Large Topeka, Kansas ' 80
Northeast Large Boston, Massachusetts 135
"Philadelphia, Pennsylvania 24?
‘ . Not Trenton, New Jersey 130
[ ‘ Large Portland, Maine 60
| Total Households 1,985

é-/Large refers to cities with a metropolitan area'population'of more than
1,000,000 and Not Large refers to those cities with less than 1,000,000.

*Midwest Research Institute: Patterns of Fnergy Use by Electrical Ap-
pliances. EPRI EA-682, January 1979.
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4, Access to Data

Tabulations from the surveys are available in EPRI's
Patterns of Energy Use by Electrical Appliances. This also
gives a good documentation for the data base and how the
survey was conducted. The data base is presently at EPRI
and is entirely under their control, i.e., MRI is no longer
involved in the project. For questions concerning the data
base call Steve Braithwait (415) 855-2606 or Charlene Boyce-
(415) 855 2742.

‘5. Computer Requirements

For a copy of the data base, a nine-track tape should
be mailed to Steve Braithwait or Charlene Boyce at EPRI.
They will copy and return the tape at no charge. The tape
is written 1n EBCDIC . ' '

6. Applications and Limitations

Analysis of the residential demand for energy entails.
in large part. an analysis of the stock, investments, and
utilization of energy-using capital, where this capital is,
primarily housing and energy-using appliances. The MRI

~survey provides a considerable advance in information avail-

able to analyze the appliance stock and its use both on the

_aggregate level and on the level of individual household

decision maklng.

a. Macro ‘Analysis. The MRI data set was developed |
from a national survey that collected information on appli-
ance stock and metered electric appliance use and on many of
the variables relevant to determining the stock. These
variables were previously listed in Section G.2. They
include: gas and electric rate structures and fuel prices,
fuel availability, details on heating systems and building
characteristics, and demographic and socioeconomic data.
With these, the MRI data base can be used to updaté and
provide additional disaggregation to macromodels of residen-
tial demand in terms of individual appliance stocks and use’
characteristics of those stocks

As an example of macro analysis, given the varia-
tion of income and pr1ces in the national sample, it is
possible to estimate price and income elasticity of. energy
demand by individual major appliances. Some of these esti-
mates might prove useful, for instance, in updating the ORNL
residential model price and income elasticities by fuel
type. ORNL further disaggregates these elasticities by
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appliance-specific information which does not appear to be

~ based on the level of detail or the national scope of MRT.
Of course, caution should be exercised in making such esti-
mates from cross-sectional data, since other locational
factors often affect the responses and thus bias the result-
ing elasticities.

b. Individual Decision Making. Major gains to be
achieved in residential energy analysis of the MRI data
probably lie in estimating determinants of individual de-
cisions on choice and use of appliances. Two significant
studies have already used the MRI data to help relate in-
dividual consumer appliance choice to appliance operation
and the relevant energy savings, the appliance capital
coste, and other economic and demovgraphic variables. These
studies are the Jerry Hausman analysis of room air con-.
ditioners, Individual Discount Rates and the Purchase and
Utilization of Energy-Using Durables, and the Charles River
Associates Analysis of Household Appliance Choice.

Hausman made use of the MRI survey records of
metered electricity consumption for room air conditioners
and the data collected on brand name, year of purchase,
model characteristics, and socioeconomic data for each
household. Air conditioner cost and efficiency were added
to the data. The utility maximization theory of consumer
behavior then provided the structure for logit statistical
estimates of the behavioral parameters. The analysis showed
that households selected different models of air conditioners
by trading off lower operating costs of the higher-
efficiency, models with higher fuel expenditures and lower
purchase price of less efficient models and by varying
actual utilization depending on the chosen efficiency levels.
One result of this work suggests that the individual discount-
ing of future energy savings is higher for those in lower
income groups than in higher. If this holds true in general,
then there are important implications for the policies and
planning of energy conservation. .

The Charles River Associates study also estimates
the parameters of an individual's utility function, but
expands the analysis to all space conditioning equipment
choices. This, too, draws heavily on the MRI data that
differentiate types of heating and cooling systems, fuels
used, housing characteristics, and socioeconomic data and
augments these by fuel prices and system capital costs.
Various procedures are suggested for aggregating the results
to provide estimates of market shares for space conditioning .
appliances and/or for their market penetration. The MRI
.sampling framework and its national structure facilitate
Ehis analysis, though there are shortcomings discussed

elow.
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- c. Limitations of the MRI Data Base. A number of
limitations have been identified in the MRI data, both by
- the MRI staff and in the studies using the MRI data. Some of
the more important of these are listed below.

(1) Data were not collected on all appliance
purchase dates (to determine their ages), but
only on electric appliances. This limits

~identification of the capital and operating"
cost trade-off, particularly in interfuel
variations.

: (2) No 1nformat10n on age of building is available
. - to better understand decisions to purchase,
‘ . replace, and upgrade appliances.

(3) Rural households are excluded from the sample,
" thus limiting the national sampllng character-
istics of the survey.

(4) The survey,lncluded only households which-
were metered individually for their electric
bills. This excludes many renters and creates
an unestimated undersampling of apartment
dwellers and apartment buildings.

(5) The sample size for monthly metering of
individual electric appliances use was limited
to 150 homes. Though this provided valuable
information, sample sizes for individual '
appliance types become rather small for some
statistical analysis with nationwide Valldlty ,
For example, the Hausmann analysis of room air
conditioners was limited to 51 units in the
sample.

Despite these limitations, the MRI data set provides
significant opportunities to expand understanding and statis-
tical estimates of appliance stock and usage and the effects
'0of these on energy demand and response to energy conservation
measures.
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H. Annual Housing Survey .

1. Purpose

The Annual Housing Survey is designed to provide a
current series of information on the size and
composition of the housing inventory, the char-
acteristics of its occupants, changes in the
housing inventory resulting from new construction
and from losses, the indicator of housing and
neighborhood quality, and the characteristics of
recent movers. *

The AHHUdl Housing Survey has been conducted by the
U.S. Bureau of the Census for the U.S. Department of Housing
and Urban Development each year from 1973 to 1979. The
surveys are a primary source of data for recent residential
sector energy models (e.g., MATH/CHRDS, ORNL) as well as
analytical and policy studies of housing and energy use
hehavinr,

2. Structure and Level of Detail

The Annual Housing Survey is actually two independent
surveys. One is designated "Housing Characteristics for
"Selected Metropolitan Areas" (Series H-170). This survey
contains information on housing units within the 60 largest
Standard Metropolitan Statistical Areas. It will be re-
ferred to as the SMSA Survey in the following discussions.

" The other part of the Annual Housing Survey Series H-150
(herein designated the Nationwide  Survey) contains data for.
housing units throughout the nation. 1In 1973 and 1974, the
survey was also supplemented with Survey of Purchases and
Ownership for appliances.

a. SMSA Survey. The SMSA Survey is reported in a
separate volume for each SMSA. Distributions are reported
for the entire SMSA, and also separately for housing units
in the central city and not in the central city. The follow-
ing characteristics tabulated in the SMSA Survey are most
relevant to analysis of energy conservation policy and
programs.

(1) Number of housing units
(a) Owner occupied.

(b) Renter occupied

*U.S. Bureau of the Census, Annual Housing Survey: 1976.
Current Housing Reports H 170-76-42, U.S. Government
Printing Office, 1978. ¢
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(2) Number o6f units in the structute
(a) 1, detached
(b) lg-éttaéhéd
(¢) 2 to &
(d) 5 or more
(e) Mobile home

(3) Vear built (distribution of housing units by
five~yedr intervals)

(4) Number of rooms
(5) Type of heating equipiment
(a) Warm air furnace
(b) Heat pump |
(c) Steam or hot water radiator
(d) -ﬁuilt*in electric
(e) Pipeless.furnace
. (f) Room heatér
(g) Fireplace or stove
(6) House heating fuel and cooking fuel
(a) Utility gas
(b) LP gas | |
(¢) Electricity
(d) Fuel oil or kerosenc
| (&) Coal or coke
(f) Wood
(7) . Storm Windows

(a) All windows covered
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(8)

(9)

(10)

(11)
(12)

(13)

(14)

(b) Some windows covered
(¢) No windows covered -
Storm doors

(a) All doors

(b) *~ Some doors

(¢) No doors

Attic or roof insulation

(a) Yes
(b) No

(c)' Don't know
Air conditioned
(a) Room units
(b) Cenpral

(¢) None

Principal. means of transportation to work

bistanée ffom home to work
Financial informafioh

(;) Income

(b) Mortgage

(c) Payment

' (d) Rent

(e) House value

Household‘characteristicsl

" (a) Number of hembers in‘household

(b) Rélationship‘to hoﬁsehbldthead
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(c) Mar1ta1 status
‘(d) Race
(e). Educatiou of_household head.

b. Nationwide Survey. The Nationwide Survey (Series
H-150) provides distributions over the same characteristics
as the SMSA survey. These data are disaggregated geographi-
cally by. Census Divisions (Northeast, North Central, South,
West).  Within each Census Division, characteristics are
given for inside SMSAs 'in central cities, in SMSA - not in
central city, and outside SMSAs. The distributions are also
separately reported for moblle Liomes and for ncw construction
(31nce 1970) '

oC. Survey of Purchase and Ownership. In 1973 . and
1974, the Annual Housing Survey .was augmented.by a supplement
administered to approximately one-third of the Annual Survey
Sample. This supplement, Survey of Purchases and Ownership,
provided detailed.information on appliance ownership so that
for example3~it:wou1d be p0551b1e to estimate appliance
ownership by income class. Survey of Purchase and Ownership
was discontinued after 1974..

3. Source of Data or Sampling Method

Both the SMSA Survey and the Nationwide Survey are
based on probability samples, and information is obtained by
direct personal interviews with occupants, or, in the case
of vacant. unlts, with: rental. agents or knowledgeable neigh-
bors. : ‘ ,

a. SMSA Survex For the SMSA Survey, the 60 SMSAs
covered are divided into three groups. The SMGAs in onc
group are sampled every three years on a rotating basis (see
Table H-1 for years). Interviews are distributed over 12
months. . The following sampling procedure is used. For the
four largest SMSAs in each group, a sample of 15,000 housing
units is drawn, half within the central city, half outside
the central city. For the other SMSAs in each group, a
sample of 5,000 housing units was selected; the sample was
divided in direct proportion to the number of housing units
in the central city vs. number outside the central city.

The samples for each SMSA were selected from housing units
enumerated in the 1970 Census, plus newly constructed units
identified through building permlts

b. Nat10nw1de Survey. The. Nat10nw1de Survey is con-
ducted ~every year in the fall (interviews are distributed
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TABLE H-1.

SMSAs SAMPLED IN THE

GROUP A

Albany-Schenectady-
Troy, N.Y.
Anaheim-Santa Ana-
Garden Grove,
Calif.
Boston, Mass.*
Dallas, Tex.
Detroit, Mich.*
Fort Worth, Tex.
Los Angeles-Long
Beach, Calif.*
Madison, Wis.*#*

Memphis, Tenn.-Ark. .

Minneapolis-

St. Paul, Minn.
Newark, N.J,
Orlando, Fla.
Phoenix, Ariz.

" Pittsburgh, Pa.
Saginaw, Mich.

Salt Lake City, Utah

Spokane, Wash.
Tacoma, Wash.
Washington, D.C.-
Md.-Va.*
Wichita, Kans.

ANNUAL HOUSING SURVEY

GROUP B

Atlanta, Ga.*
Chicago, Ill.*
Cincinnati, Ohio-
Ky.-Ind.
Colorado Springs,
Colo.
Columbus, Ohio
Hartford, Conn.
Kansas City, Mo,.-
Kans.
Miami, Fla.
Milwaukee, Wis.
New Orleans, La.
Newport News-
Hampton, Va.
Patterson-Clifton-
Passaic, N.J.
Philadelphia, Pa.-
N.J.* -
Portland, Ore.-Wasl:.
Rochester, N.Y.
San Antonio, Tex.
San Bernardino-
Riverside-Ontario,
Calif.
San Diego, Calif.
San Francisco-
Oakland, Calif,.*

Springfield, Chicopee-

Holyoke, Mass.-Conn.

GROUP C

Allentown-Bethlehem-
Easton, Pa.-N.J.
Baltimore,. Md. .
Birmingham, Ala.
Buffalo, N.Y.
Cleveland, Ohio
Denver, Colo.
Grand Rapids, Mich.
Honolulu, Hawaii
Houston, Tex.*
Indianapolis, Ind.
Las Vegas, Nev.
Louisville, Ky.-Ind.
New York, N.Y.*
Oklahoma City, Okla.
Omaha, Nebr.-Iowa
Providence-Pawtucket-
Warwick, R.I.-Mass.
Raleigh, N.C.
Sacramento, Calif.

" 'St. Louis, Mo.-Ill.%

Seattle-Everett,
Wash.

*Sample size of 15,000 housing units; all others are 5,000 housing units.
#*Included with Group B for the first interview. ‘

SOURCE: U.S. Bureau of the Census, Annual Housing Survey: 1976.
Current Housing Reports H 170-76-42, U.S. Government Printing

Office, 1978.
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over three months). The survey is performed by means of
multi-stage probability sampling with approximateély 75;000
housing uhits eligible for interview. In the fi¥st stage,
approximately 900 counties and independent cities are chosen
4s primary sampling units.

The coefficient of Variation (a measuré of sampling
error) for the Annual Housing Sufvey ranges from about 0:3
percent for characteristics with large numbers to about 20
percent for characteristics with a very small number of
positive responses (e.g., 5,000 units).

4. Access to Data

The Annual Housing Survey is available in published
form and on computer tapes. Non-<published data are also
available from the Census Bureau at the cost of reproduction.
The SMSA Survey is published as a separate volume for éach
SMSA. These are designated Currernit Housing Reports = Series
H-170. The Nationwide Survey is desighated Current Housirng
Reports = Series H-150. These are available for 1973-1977.
Regults of the 1978 survey will be available in the fall of
1980

5. Computer Requirements

a. General Description. A copy of the Annual lousing
Survey is available on nine-track computer tapes. Questions
concerning the Anrnual Housing Survey and its design should
be addressed to Arthur F. Young, (301) 763-2881, Housing
Division, Bureau of the Census, Washington, DC 20233.

b. Accessibility. The Annual Housing Survey docu-
mentation and tapes are available for borrowing from the
Bureau of the Census Library, (301) 763-5042.

C. Transferability. A copy of the tapes can be
ordered by contacting the Bureau of the Census, Data Users
Services Division, Customer Services Branch, (301) 449-1600.
The cost is'$80000 a reel. The'entire‘data‘base requires
two 1600 bpi tapes or four 800 bpi tapes. It is possible to
order less than the entire housing survey. Technical docu-
mentation on. the tapes .and the "Annual- Housing Survey" is
- included free when the tapes are ordered. The documentation
can be ordered separately for $5.00.

A "data development" writeup describing the tapes and
the ordering procedure can be obtained free from the Sub-=
scriber Services Branch.
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1 1970 Ceﬁsus of Housing

1. Purpose
The Census of Housing is designed to provide information
-on the size and composition of the housing inventory, the
characteristics of its occupants, changes in the housing
inventory resulting from new construction and from losses,

the indicator of housing and neighborhood quality, and the
characteristics of recent movers.

2. Structure and Level of Detéil

The housing characterlstlcs data in the 1970 Census are
reported by state, by SMSA (within central city and outside
central city), and separately for urban and rural areas
within each state. The Census Bureau recognized 247 SMSAs
in the 1970 Census.

The following general housing characteristics are
available for the- lOO percent sample: :

(a) . Number of housing unlts

(b) Number with one unit in structure

(¢) Number,witﬂ two or more_units in structure
(d) Number that’wereiowner occupigd

(e) Numbef of~moBi1e homes

(£) Numbér‘bf rooms. |

'The detailed characteristics (béSed on the 20 percent prob-
ability sample) that may be relevant to energy policy are:

(a) AYear built

(b) bPreseﬁcé of basement

(c) Tyﬁe of‘heatihg equipment
(l) WarmAair'furﬁace‘
'(2) Heat‘pump

(3) Steam or hot water radiator
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(4) Built-in electric
(5) Pipeless.furnace.

- (6) Room heater.

. (7) Fireplace or stove
(d) Type of heating and cooking fuel

(1) Utility gas
(2) LP gas
(3) Electricity
(4) Fuel oil or kerosene
(5) Coal or coke
(6) Wood

(e) Air conditioner (window unit, central unit, or
none)

(f) Appliances
(1) Clothes washer
(2) Clothes dryer

(3) Food freezer.

3. Source of Data |

The Census of Housing is conducted every ten years as
part of the decennial Census. All occupied and vacant
housing units are included in the survey of general housing
characteristics. In addition, 20 percent of the households
were selected for a more detailed survey of housing charac-
teristics. A 15 percent probability sample and a 5 percent
probability sample were drawn from this 20 percent sample.
The surveys were conducted by the method of self-enumeration
using a mail out/mail back questionnaire with follow-up for
non-respondents and identification of vacant units by visit.
The total response rate to the questionnaire was 87 percent.
The total undercount in the 1970 Census of Housing is esti-
mated at 1.4 percent. The coefficient of variation for most
of these distributions over general housing characterlstlcs
is estimated at 0.6 percent. .
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4, Access to Data

The 1970 Census of Hou51ng is avallable in publlshed
form. Several computer tapes are also available. The
"Fourth Count" tape contains data on detailed housing energy
use and appliance characterlstlcs tabulated for 35 000
Census tracts

- 5. Computer Requirements

a. General Description. A copy of all or part of the
1970 Census of Housing is available on nine-track computer
tapes. Questions concerning the 1970 Census of Housing and
153 design should be directed to Edward Montford, (301) 763-
2880.

b. Aéce551b111ty The 1970 Census of Housing documen-
tation and tapes are available for borrowing from the Bureau
of the Census L1brary, (301) 763- 5042

c. Transferablllty A copy of all or part of the
tapes can be ordered by contacting the Bureau of the Census,
Data Users Services Division, Customer Services Branch,

(301) 449-1600. The cost depends on the amount of data and
thus the number of tapes desired.

A "data development" writeup describing the tapes

~and the ordering procedure can be obtained free from the
Subscriber Service Branch, Bureau of the Census.

6. Bibliography

U.S. Department of Cbmmerce, Bureau of the Census. Cenéua
of Housing, 1970, Six Volumes (see below). Government
Printing Office, Washington, DC, 1972. -

Volume I: Housing Characteristics for Stateés,: Cities

rand Counties, HC(1l) in 5 parts by state
and territory. .

Series HC(1l) - A General Housing Charac-
teristics.

Series HC(l) - B Detailed Housing Charac-
teristics (1nclud1ng energy measures)

Volume II ‘Metropolitan Housing Characteristics
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Volume

Volume
Volume
Volume

Volume

ITI«

IV:

VIi:

VII:

Block Statistics

Components of Inventory-Chaﬁge

Residential Finance

‘Estimates of Substandard Housing

Subject Reports
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J.

AIA Research Corporation
Data Base



J. AIA Research Corporation Data Base

[Phase I Data for Buildings Energy Performance
Standards (BEPS) ] :

See Section H of the Commercial Sector of this report.
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K. Additional Models and Data Sources

The treatment of the models and data sources in this
section is not in the detail or the format of those preceding
it. The purpose of this presentation is simply to alert the
reader to their existence and possible use. Some of these
and other models or data sources .might be 1nc1uded in any
future version of this report.
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1. Residential Energy Consumption Survey (RECS)

The Residential Energy Consumption Survey (RECS) is
designed to provide current information on energy consumption
in households. This survey is to be conducted for EIA
during 1980 and periodically thereafter. ,The projected
survey date is now September 1980. It is presently still in
the planning stage; however, the procedures and methodology
as well as the majority of sample questions were tested in
the National Interim Energy Consumption Survey (NIECS).

RECS is planned as a household interview survey with
supplementary data collected from utility billings to develop
fuel counsumption and cost data for each survey household.
The household survey will be similar to that of NIECS de-
scribed in Section E of this report. 'The basic household
survey categories will include questions on housing and
appliance characterlstlcs, transportation and vehicles,
demographic and socioeconomic characteristics, and various
energy conservation measures. The utility survey will
collect data from utilities om the monthly fuel consumption
of electricity, gas, and/or fuel oil for each household.
These, together with heating and cooling data from regional
weather stations, will be merged with the household survey
data.

Various subsample studies have been planned in order to
collect more detailed and accurate data. The status of
these at present is undecided. 'One earlier plan to have an
Energy Assessment Subpanel in RECS to provide a more precise,
expert onsite evaluation of housing, appliance, and use
characteristics has been dropped.

The initial plans are for a survey sample of 5,000
taken Lwice a year for each of the 10 DOE regions. The
initial fall-winter 1980 survey will be drawn from the four
Census regions. The sampling surveys also include households
that do not directly pay their bills. Two surveys will be
requlred to obtain a statistically significant sample.

Tabulations and computer accessible data files from the
surveys will be available after the data is processed.
Complete processing typically takes 1 to 1-1/2.years.

The annual basis of the survey, though not providing
longitudinal data on.individual households, will complement
analyses from the survey's cross-sectional detail with
consistently defined time series variables. Together these
should permit expanded and refined analyses of household
energy consumption and conservation behavior.
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2. Solar Market Development Model

The Solar Market Development Model simulates the develop-
ment and commercialization of solar heating and cooling
devices in residential and commercial buildings. The objec-
tives are: (1) to provide an estimate of the extent to
which solar equipment could penetrate the residential and
commercial market and (2) to measure the impacts of various
federal incentive programs in stimulating those applications
for hot water heating, space heatlng, and .space cooling of

the bu11d1ngs

The model considers major factors in the solar energy
market at a detailed level which include: 10 market and
building types, 10 DOE regions, two applications (retrofit
and new construction), three solar devices (hot watér, hot
water and space heating, and hot water space heating and air
conditioning), and seven conventional fuel backup systems.
These have been used to simulate the annual solar market
demands of the residential and commercial sectors from 1977.
Current versions are based on 1980 data.

The basic model structure presents the market penetra-
tion of the solar devices by representing both financial and
nonfinancial decision variables for each solar option." The

. undiscounted payback period associated with each solar

~device, building type, and backup system is chosen to be the
financial measure which reflects consumer economic behavior.
Estimated percentages of .customers who would choose the
device for each payback period provide the basic penetration
curve, which is then weighted to allow for nonfinancial
factors such as aesthetics, attitude toward solar, etc.
Each penetration calculation depends on relative fuel and
equipment sources for conventional fuels, equipment prices
for the solar devices, the amount of previous years' penetra-
tion, supplier markets and experience, and various federal
incentive programs. The model also rests heavily on descrlp—
tions of the solar industry infrastructure production possi-
bilities and technical trends.

The model provides analyses for the following categories:
(a) Residential structures

(1) Singlé family

(2) Low density

(3) Condominiums
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(4) Multifamily
‘(5) Mobiie‘homes
(b5».CQmmerciai structures
| (1) High hot water inStitutional (hbspitalS)

(2) High hot water other (restaurants, hotels,
‘ 1aundr1es)

(3)- Low hot water 1nst1tut10nal (educat10na1
- govcrnment)

(4) Low hot watet owner/lessor (offlces, banks,
retall, soclal, LEllgiUUb, watehuuses)

" (5) Low hot water owner occupied (offices, -
banks, retail, social, religious, warchouses)

‘(¢) Fuel shares by building type
(1) Electric
(2) Gas
(3) 0Oil
(d) Solar systems
(1)  Water heating
(2) Water heating and space heating

(3) Wwater heating, space heating, and air condi-
tlonlng .

The model is designed to estimate the market acceptance
and impact of solar heating and cooling in response to a
wide variety of federal policy variables or incentive proce-
dures. These include:
(a) Fedefal»economic inventives
" (1) - Grants
(2) Tax credits

(3) Tax deductions
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- (4)- Investment tax credit

8 (5) Accelerated depreciation

(6) Low interest loans

(7) Loan guarantees.

(8) Government_buildihgs program

-(b) Federal nén-economic incentives

(1) Consumer education programs

(2) FinanC1a1 educatlon

(3) Building code/certlflcation programs
(4) Utility programs |
(5). Government insurance program

(6) TFederal RD&D. |

The 51mu1at10n prov1des cross-tabulated output on the
following: : ,

? (a) Solar installations in egch region

| (b) Residential structure and commercial category
(c) Solar'system .
(d) Direct energy savings for. each fuel
(e) Results of the 1ncent1ve programs.

The model and computer programs were developed for DOE
by Arthur D. Little, and are subject to regular update of
data and program modification. The analytical structure of
the present version does not.vary,significantly from the
earlier versions, nor do the descriptions of the technolo-

gies. - The housing and demographic data have been updated to
-1980. ,

The program is on line on the DOE computer and tapes
can be accessed or copied on request. Chuck Allen of EIA's
Office of Integrative Analysis may be contacted for access
and questions concerning technical detail. Documentation
for the model structure, data inputs, sample results, and
computer program can be  found in Arthur D. Little, Inc.,
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3. ORNL Buildings Energy Use Data Book

See Section J-5 of the Commercial Sector in this report.
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f ' A. ORNL Commercial Sector Model of Energy Demand

[Structural Commercial Energy Use Model of EIA]

1. ,PurQose

A comprehensive economic-engineering model of com-
mercial energy use was developed at ORNL to provide detailed
annual forecasts of energy use in the commercial sector to
the year 2000. The model provides analytical capabilities
for forecasting future commercial energy use, for formulatlng
effective government energy conservation programs in the
commercial sector, and for evaluating such programs.

Two versions of the ORNL commercial sector model are
available: a national version and a regional version. The
national version provides 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 Fore-
casting System (RDFOR) of the Midterm Energy Forecasting
System (MEFS). The model is available at EIA independent of
RDFOR as the "Structural Commercial Energy Use Model." A
third version of this model is presently under development
and will provide annual forecasts of commer01a1 sector

- energy use by state.

2. -—Basis for Model Structure

- The ORNL model uses an-economic- engineering approach to
forecasting commercial energy use. The model employs a
capital-stock approach which explicitly recognizes that
energy is consumed by capital goods in the commercial sector
to provide services. 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.

Energy use in the commercial sector for a specific case
year is described as the product of five variables:

(a) Utilization rate of equipment of a glven year
vintage 4s a functlon of energy prices in the case
year '

(b) Potential energy use required per square foot of
- building by equipmentbof a given year vintage
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. {¢) Fraction of floor space additions in.a glven year .
- served by each fuel . |

'.(d) Commercial building floor spacé.added in a givén :
year :

(e) Fraction of floor space additions in a given year
which are still standlng in the case year.
§

The - resultlng energy use in the commer01a1 ‘sector,
given in Btu, is therefore detegmined by fuel prices,
energy use requiremﬁnts (Btu/ft ), and net commerc1a1 floor
space additions (ft®). An energy use index (EUI) is develop-
ed to estimate energy use requirements in commercial build-
ings by fuel type-.and end use. The utilization rate (which
is a function of fuel prices) and potential energy use
requirements (EUls) for a given year are then measured
relative to the utilization rate of the equipment for an
arbitrary base -year. The net fuel and equipment shares of
commercial floor space additions are estimated based on
assumed .fuel-price elasticities, and the additions are
estimated as a function of population and personal income.

Given the floor space additions and their resulting
energy use requirements,.the model provides analysis of
final energy demands in terms of equipment and structure
efficiencies and fuel price elasticities. Choice of effici-
ency levels of new space heating and cooling systems depends
on the trade-off between initial (purchase) cost and operat-
ing cost (fuel price and:.efficiency) of the new equipment,
weighted by the commercial establishment's discounting of
the. future energy savings. Engineering descriptions provide
the technical/cost possibilities for the space conditioning
systems. Efficiencies of other equipment and appliances are
determined by econometric estimates of the fuel prlce/
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 of energy prices.

: A 4

Over the longer run; the equipment utilization is
actually determined as a function of the cost of the end use
service produced by the equipment, and thus as a function of
fuel prices weighted by the equipment efficiency level.
Choice of equipment efficiency is itself described as a’
function of fuel price (and technology options, initial
price, and discount rate for space condltlonlng), as described
above. The analysis is similar where there is the added
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possibility of fuel choice. Thus, final energy demands are
modeled as a series of interrelated decisions on capital
stock choice (efficiency) and utilization (fuel price and
eff1c1ency) combined Wlth short-run behavior responses to

. price.

3. Policy Variables and Parameters

‘a. Short-run. The primary policy variable which
operates in the short run (1 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
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 options which
yield short-run changes in demand for energy (i.e., the
utilization rate) are.limited by the ability to d1rect1y 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 with
the existing stocks.

b. Long-run. The primary policy variables which
operate in the longer run for the ORNL commercial sector
model include the following:

(1) Absolute and relative fuel prices

(2) Levels of equipment and building energy
efficiency

(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
responses. to these policy options are less limited in the
long run than in the short run, because the longer time
period allows changes in investment to occur, such as invest-
ing in more fuel-efficient equipment or conservation devices.
Changes in relative fuel prices can be accomplished through
similar policies which are fuel-specific and differ by fuel.

A-3 Commercial




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
or cooling equipment, and lighting fixtures. The long run
affords the opportunity to invest in such conservation
measures, and the model can estimate the impact of these
conservation 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 penetra-
tion of new or modified technologies and analyze their
effects on energy conservation.

4. Level 6f Regional, Sectoral, and Fuels Detail

The ORNL commercial model dlsaggregates the commercial
sector into 10 subsector categories. These are:

(a) TFinance and other office-related activities
(b) Retail/wholesale

(c) Auto repair and garage

(d) Warehouse activities

(e) Educational services

(f) Pﬁblic administration

(g) Health care services

(h) ‘Religious services
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(i)
()

Hotel/moteltservices

Miscellaneous commercial activities;

‘ Each of these commercial subsector categories is further
disaggregated by fuel type and end use. The four fuel types

included

(a)

()

(c)
(d)
The fiye
(a)
(b)
(c)
(d)
(e)

Analysis

in the analysis are:
‘Electricity
Natural gas

0il

Other.
end uses included in the'model are:
Space heating
Cooling

Water heating
Lighting

Other.

is avallable for each of the 10 DOE reglons from

the Reg10na1 Model.

5. Outputs

Thetoutputs«of»the ORNL commercial model include fore-
casts to the year 2000 of the following:
(a) Total energy use 1n the commercial sector (in 1015
Btu) .
(b) Commerc1al sector energy use by fuel type (percent
- of total Btu)
(¢) Trends in fuel choice within the commercial sector
(i.e., fuel type market shares as percent of total
' Btus)
(d) Commerc:al sector energy use by end use (percent

of total Btu)
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These forecasts are. obtained for a baseline scenario and
alternative policy scenarios. The model thus determines
energy savings in the commercial sector by calculating the
difference between the forecasts obtained for a specific
policy scenario and the baseline. These results can be:
. obtained for each commercial subsector as well as for the
total commerc1a1 sector
\- \ T -

The results of commerc1al sector or subsector energy
use are determined on a-national level and for the 10 DOE
regions. Results by.state are not presently available, but
such a version of the ORNL commerc1a1 sector model is under
development.

6. Input Requiremeﬁts

Input variables reuuired for the ORNL commercial sector
model include the following'

(a) Fuel prlces (in dollars)
(b) Commerc1a1 floor space estlmates (1n square feet)

(¢) Fraction of floor space served by each fuel (per-
cent) -

(d)‘ Energy use 1ndex numbers for bu11d1ngs/equ1pment

Commer01a1 floor space is. estlmated through the use of
historical data on per capita disposable personal income and
population, -and.school enrollments for educational buildings.

Energy use forecasts require input data on annual
growth rates of fuel prices and commercial floor space, and
the energy use index numbers for each year of the forecast.
Determination of the annual growth of commercial floor space
requires the use of annual growth rates of per capita -dis-
posable personal income and population. To determine the
annual growth of floor space in educational buildings, the
annual rate -of growth of school enrollments is substituted
for the-population annual growth rate.

7. Sources of: Data"

A varlety of data sources were used in the development
and operation of the ORNL commercial sector model. These-
are presented here by category. of use within the model. A
number of these are dlscussed elsewhere in th1s report.
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a. Primary commercial fuel use data sources include,

by category of fuel:

(1) Electricity
“(a) Edison Electric Institute, Statistical
Yéarbook of the Electrlc Utility. Industry
(annual)
(b). Jack Faucett Associates,‘lné., National -
Energy Accounts: Energy Flows in the
© . U.S., 1947-1972, JACKFAU-75-122-8,
November 1975.
(2) Gas |
7(a)4-Amer1can Gas Association, Gas Facts
| ' (annual)
(3) o0il
| (a) U.S. Bureau of Mines, Sales of Fuel 0il
and Kerosene (annual), U.S. Department
of the Interlor
(b) ' American Petrolcum Institute, Petroleum
, Facts and Figures (annual).
(c) Federal Energy Administration, National
Energy Outlook February 1976.
b. Primary commercial floor space data sources include,

by category of bu11d1ng

Reh

General

(a) F.W. Dodge Division of McGraw-Hill

o Information Systems Company.

(b) U.S. Départment of Commerce, Historical

: Statistics of the United States, Colonial
Times to 1970.

(c) ULS.*Department of Commerce, Bureau of

. the Census, Statistical Abstract of the

United States (annual).

(d) A.D. Little,AProject Indepéndence Blue-

print, Final Task Force Report, Residen-
tidential and Commercial Energy Use Pat-
terns, 1970-1990, prepared for the
ngzral Energy Admlnlstratlon November
197
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(2) Retail - wholesale buildings

(a) Department of the Treasury, Office of
Industrial Economics, Business Building
Statistics, GPO Stock No. 048-000-00279-
0, August 1975.

i

(3) Schools

‘(a) Pulscak, M.W., and P.A. Abramson, "A
Report to Survey Participants," Federal
Energy Administration Memorandum,
November 2, 1976.

(b) U.S. Department of Health, Education and
Welfare, Inventory of Physical Facilities
in Institutions of Higher Education, Fall,
1970, 1974.

(4) Public Buildings

(a) 1de, E.A., et al., Estimating Land and
: Floor Area Implicit in Employment Projec-
tions. How Land and Floor Area Usage Rates

Vary by Industry and Site Factors, NTIS
No. PB-200-069, July 1970.

(b) Jack Faucett Associates, Inc., Ener
Consumption in Commercial Industries by .
Census Division - 1974, prepared for the
Federal Energy Administration, Consump-
tion Studies Division, March 1977.

(5) Hotel-Motel

(a) Brener, S.W., and A.C. Gamoran, "The
Economic V1ew," Hotel and Motel Management
May 1972.

C. The energy use index is a new data base for use in
the ORNL commercial sector model developed from the following
data sources by fuel and end-use category:

(1) Space‘andﬁwater heating

(a) Westinghouse Research Laboratories,

4 "Assessing the Potential for Optimal
Utilization of Off-Peak Power," prepared
for the Federal Energy Admlnlstratlon,.
December 1975.
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(b) Hittman Associates, Inc., "Physical

' Characteristics, Energy Consumption, and
Related Institutional Factors in the
Commercial Sector," Report HIT- 630
October 1975

(c)  A.D. Little, Project Independence Blue-
. print, Final Task Force Report, Residen-
tial and Commercial Energy Use Patterns,
1970-1990, prepared for the Federal
Energy Adminlstration November 1974.

. (2) Lighting

(a) Dugas, D., S. Dole, H. Peterson, and K.

: Riegel, "A Preliminary Assessment of
Energy Conservation in Lighting," Rand
Co;goration,vReport WN-8666-FEQ, May
1974. ~

(b) illuminating Engineering Society,
. IES Handbook, 9th ed., New York, 1966.

(3) Climate

(a) "Monthly Heatlng Degree Days by State -
and Season," National Climatic Center,
. North Carolina, 1973.

8. Other

The ORNL commercial sector model was originally develop-
ed with 1970 as its base year. A detailed regional version-
has been developed which relies on the model structure and
accomplishes the same analysis as the basic (national)

. version just described, but does so for each of 10 federal

regions. A draft report on this regional version has been
completed at ORNL. An updated version of both the regional
and national model is currently available from ORNL using
1977 as the base year. These changes are also integrated
into the commercial model of EIA's Regional Energy Demand
Forecasting models (RDFOR) and EIA's stand-alone version of
RDFOR, phe Structural Commercial Energy Model.

- A state-level version is currently under development by
Charles River Associates and is nearing completion
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9. Computer Accessibility'and Requirements

a. - General Description. Copies of both versions of
the ORNL Commercial Sector Model are presently beiﬁg run at
at least. 30 different installations, one of which is EIA.
ORNL's version and EIA's version are structurally almost
identical. 1In addition to the national versions at ORNL and
EIA, regional versions for the 10 DOE regions also exist at
both installations. They are run for one DOE region at a
time with no interaction between regions. The regional
versions are essentially identical to the national versions
except that they operate on regional data bases. Some
differences in the parameters used and data file structure
have evolved at EIA to integrate the regional model into
EIA's Midterm Energy Forecasting System (MEFS) or, more
specifically, the Regional Demand Forecasting System (RDFOR).
Earlier, EIA displayed a "reduced form" version of the ORNL
model; this is still used occasionally. Charles River
Assoc1ates is presently developing a state-level. version.

, The ORNL model is run on an IBM 360-370. Questions
concerning it can be directed to Ken Corum at (615) 574- 5226
or Steve Cohen at (615) 574-5225.

The EIA model is run on an IBM 30-33 in the For-
restal Building in Washington, DC. Questions concerning the
model can be directed to Mark Rodekohr at (202) 633-9129 or
John Holte at (202) 633-8486.

ORNL's model has baseline data from 1971 and
simulates energy demand from 1971 to 2000. Just completed
is a version with baseline data from 1977. The regional
version of this should be complete in the summer of 1980.

b. Accessibility. ORNL can make commercial sector
model runs under contract. Such runs are submitted to Ken
Corum and run by ORNL staff. Rather than make runs for
users, ORNL prefers to give the user a copy of the model.
This is discussed in the following section. :

To access the EIA computer versions, a DOE program
manager must submit a Data Service Request (DSR) to Marion
King in the Office of ADP Services, EIA, (202) 653-3603.
After approval she will assign a valid account number and
password.

The EIA computer can be accessed by 300 and 1200 -
baud remote terminals and is hooked up to TYMNET. Questions

concerning the computer installation can be addressed to Ike
Digman at (202) 252-8959.
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The entire Commercial Sector Model and appropriate
baseline data base are needed to make a run.

C. Transferability. A user can get a copy of the
Commercial Sector Model and data base at no cost from ORNL.
The model is entirely in Fortran, is nicely commented in the
program, and is easily transferable. ‘At most, very minor
changes might be required to transfer to another system with
Fortran.. The model has a 270K CPU storage requlrement
Along with the model on cards, the user w111 receive a
user's gulde

d. Ease of Modification in System. The Commercial
Sector Model is fairly flexible. Depending on the extent of
changes and lead time, UKNL could be contracted to modify

the model. Because the model is in Fortran and well comment-

ed, if the user has a good understanding of what the model
is doing, he could modify the model himself.

e. Documentation. ORNL's CON/14, CON/15, and CON/40
discuss the theoretical model design. CON/14 describes the
process of disaggregating total fuel use in 1970 into fuel
use by fuel (4 types), end use (5 types), and building (10
types). CON/15 is the most complete documentation on the
model structure. Appendix H of the Economic Analysis of
Buildings Energy Performance Standards (BEPS) offers a
condensed version of CON/15. CON/40 discusses the regional
model. :

. An ORNL user's guide to the model describes how to
run the model. A soon-to-be-released CON/44 includes the
information in the user's guide in addition to a listing of
the model and input requirements, flowcharts, and complete
information on the model implementation.

Both ORNL and EIA staff are avallable to answer
any questions.
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B.. . Brookhaven Buildings Energy Conservation
Optimization Model (BECOM)

1, Purpose

. BECOM is: de51gned as an extension of the Brookhaven
Energy System Optlmlzatlon Model (BESOM) to provide detailed
disaggregation of end use energy demands. The technology
choices and energy requirements resulting from BECOM optimi-
zations are used to project, analyze, and evaluate the
effects on energy use of conventional and proposed energy- .
related technologies in residential and commercial buildings.
For any combination of building stocks, fuel prices and
availabilities, and other constraints on technological
availability, BECOM calculates the optimal technological
configuration of the buildings sector. This is expressed in
terms of levels of market penetration of specific technolo-
gies. ,

2. Basis for Model Structure

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 extent possible to meet these energy demands.

The energy demands described by BECOM are energy require-
ments of each specific market.. For example, in the resi- -
dential 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 the energy demands, that is, its market
penetration, is determined by the existing constraints on
its use. These constraints are equations which describe the
limitations of resource availability that affect the produc-
tion or implementation of a technology. These. are described
more fully below.

BECOM may be run simultaneously with BESOM which opti-
mizes technology choice and energy flows for a detailed
representation of the energy supply system; or may be run
independently of BESOM. 'In the latter case, assumptions
concerning the availability of fuels must be made, which
serve as the information on energy supply for the residential
and commercial buildings. When this approach is not taken,
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and 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 for which heat losses or service demands are calculated
from accepted industry procedures. These are placed in
prototypical cities with appropriate degree days and enoling
hours. Fuel demands are then calculated using average
utilization efficiencies in the building. Costs and effici-
ency changes postulated for representative (policy determined)
technological measures then permit the model to calculate
and compare optimal (usually optimal for the least cost
objective) configurations of investments and utilization of
all technologies to meet the given final end-use demands for
energy.

The BESOM constraints are classified as follows:
(a) Qupply constraints, which limit the amount of a

given energy source (by fuel type) that may be
used in the plannlng year

(b) Demand constraints, which specify the basic energy
requirements that must be met to satisfy the :
demands for each demand category

(¢) Electricity supply and peaking constraints, which
limit the electrical generating capacity of plant
types

(d) _Environmental constraints, which limit emissions
of various types

(e) Market penetration constraints for specific tech-
nologies under consideration.

BECOM constraints include the following:

(a) Demand constraints for each type of demand and
building type: for example, the energy flow for
air conditioning of offices must equal the theoreti-
cal air-conditioning load for the total stock of
office buildings

(b) Constraints on the minimum residual stock of
buildings, such-as for mobile homes, so that the
number of mobile homes heated by electricity in
any given year equals the number that actually
existed in the base year minus the number of
removals from the base year to the year for which
the analysis is performed
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(c)

(d)

Constraints which require seasonal load balance .

for buildings, so that heating, air-conditioning,
thermal, and -appliance loads for each shell, such
as hospital building envelopes, are balanced

.Constraints on the fuel mix (market shares of
‘fuels) in new construction, which are set to

reflect current construction trends in either

- residential or commercial bu11d1ngs, or to reflect

~(e)

(f)

(g)

(h)

hou51ng models .

Seasonal operation constraints on heat pumps, so
that the heat pumps have a ratio of heating and
cooling equal to the ratio of heating/cooling
loads for the specific shell, building type, and’
region, such as multi-family building envelopes in
the North-Central region

Constraints. which reflect backup requirements for
solar energy uses when insolation is insufficient

Constraints which require that solar space heating
must also be employed in any building which has
solar air conditioning, which recognize that solar
air conditioning is never used by itself

Solar hot water heating constraints, which ensure
that buildings that employ solar space-heating
systems deérive their hot water from the same
system.

3. Policy Variables and Parameters

Policy varlables and parameters within BECOM include
the following: ‘

(a)

(b)

(c)

(d)

Input prices, which can be altered to assess the
impacts of alternative tax and pr1c1ng policiés

Capital charges for building types, which can be
altered to determine the effects of various tax

incentive programs and policies

Limits on the constraints, which allow the effects
of regulatory policies to be assessed, such as for
energy demand or supply limitations, or envi-
ronmental controls

Equipment costs and/or efficiencies, which can be
modified to assess the market penetration levels
of different types of energy equipment in buildings.
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4. Level of Regional, Sectorél, and Fuels Detail ' }

BECOM has been developed to extend BESOM, which has a
detailed representation of the energy supply system but a
highly aggregated representation of the demand portion of
the system. BECOM provides. end-use detail for residential
and commercial buildings. It explicitly models 25 energy
conversion technologies, such as burners, heat pumps, elec-
tric motors, condensers, blower fans, and light bulbs and
other lighting equipment, and eight structural technologies
such as the building envelope, pipe and heater insulation,
and appliance performance levels.

These conversion and structural technologles can be
used by nine residential and commercial building types. The
residential building types include:

(a) Siﬂgle-famil§ homes

(b) Low-density dwellings -

(c) Multifamily high-rise buildings

(d) Mobile homes. "

Commercial building‘types include:

(a) . Hospltals, 1nclud1ng all health care fac111t1es,
. private and public :

(b) Schools, including classrooms, laboratories, and
11brar1es

(c) Offices, including general office space; state,
local, and federal administration buildings; and
banks

(d) .Retall including malls and general mercantlle
bulldlngs

(e) Miscellaneous, including hotels, motels, Churches,
service stations, recreational facilities, and
other commercial buildings not included in the
above four categories.

Each of these residential and commercial building categories

includes both retrofitted (ex1st1ng) bulldlngs -and new con-
struction. .

In the basic version of BECOM, each of these residential
and commercial building types is analyzed for each of four
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regions and each of 81x energy end uses. The four regions
are: : : '

(a) Northeast

(b) 'North;Central

(c’ South.

(d) West.

The six energy end uses include:
| (a) Space heating
(b) Air conditioning

(c) Water heatlng |

(d). Cook1ng

(e) Appllance loads

(f) Illumination loads.

In addition to the regiogal and-end-use detail in the
residential and commercial sectors described above, the
BECOM energy demand analysis .considers a number of fuel
types. -Data concerning the availability of these fuel types
are obtained either by assumption or through the use of the
BESOM energy supply analysis. These fuel types include:

(a) Natural gas | |

(b) 0il '

.(c) Coal/fossil fuels

(d) - Electricity

“(e) Solaf.

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 representlng the energy requlrement in the other

- three regions. This is done for each region so that a

national energy flow projection is developed.
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5. Outputs

Output of BECOM for each region is given at three
levels of aggregation. These are:

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

(b) Summation of energy flows, done: separately for -
residential bu11d1ngs and commercial buildings, by
fuel conversion technology

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

In addition to these outputs, the 1nvestment (1n 1975
dollars) in energy-related devices and structures is sum-
marized during the period from 1976 through the base year.
These data are given by new and retrofit markets and build-
ings.

The model also yields the implied "shadow" prices
associated with each of the constraints. These prices
indicate the tradeoff between a given constraint and the
objective (meeting energy demands at minimum cost). They
can also be a useful tool in analyzing differences between
existing pricing practices and prices that would more accu-
rately reflect equilibrium of demand and the availability of
energy resources. '

6. Input Requirements

The main categories of -data 1nput required by BECOM are
the tollowing: ‘ |

(a) Building stocks, including inventory data for the
year' 19/5, removals and new construction for years
1976 to 2000, and total building stocks. Residen-
tial building stock is given in number of units;
‘commercial building stock is given in number of
square feet. :

(b) Theoretical building loads for different building
types andadifferent climatic conditions in various
regions, in the following categories: space
heating, air conditioning, hot water, lighting
.plus power, and auxiliaries for commercial build-
ings.
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(c) Shell efficiencies, which are the percentage
improvement in structural integrity over a nominal
1975 value that can be expected from implementing
certain technologies in building envelopes.

(d) Conversion-device efficiencies, which are the per-
centage of delivered energy which can actually be
applied to -the theoretical building loads.

(e) Technology costs, inclﬁding the cost of conversion
devices and structural technologies, both for new
buildings and retrofit applications. -

7. Sources of Data

BECOM relies on performance and cost data taken from a
wide variety of sources, including the Arthur D. Little data
base for buildings for the year 1975, Oak Ridge National
Laboratory (ORNL) data bases, and various reports such as
those done for the American Gas Association and the Electric
Power Research Institute. The data used in BECOM have been
‘'updated once, and efforts are currently underway to coordinate
with ORNL to obtain 1978 data on the building stock and
other technological parameters for the residential and
commercial sector.

8. Other

Two other versions of BECOM have been developed. One
is a detailed regional version which accomplishes the same
analysis as the basic version Just described, but does so
for each of the nine census regions. The second version was
developed for use by New York State. This version uses data
specific to New York State and is referred to as the New
York Brookhaven Energy Model (NYBEM).

9. Computer Requirements and Accessibility

a. General Description. BECOM is run on a CDC 7600
at Brookhaven National Laboratory in Upton, New York.
Questions concerning BECOM can be directed to Peter Kleeman,
principal investigator of the BECOM program, (516) 345-2116.

There are two versions of BECOM. One is a develop-
mental version and the other is operational. The baseline
data base which BECOM uses is rarely modified. A BECOM run
produces an output data file. Both this data file and the
original baseline data base are accessible by a report
writer, a machine which allows for flexible reporting.
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« b. Accessibility. . BNL can be contracted to make

BECOM runs. Such runs are usually submitted to Peter Kleeman
and run by BNL staff; however, arrangements can be made for
remote access to the BNL computer and BECOM. BECOM is not
presently available at any other computer installation.

The entire BECOM program and data base are needed
to make a BECOM run. Subsets of the model, such as commer-
cial buildings, can be specified at run time.

C. Transferability. A user can get a copy of the
latest production version of BECOM. It is currently imple-
mented using CDC's APEX II1 linear programming code and
PDS/MaGen which puts the data in the correct form for APEX
IIT. The model is programmed in the language ol the APEX-"
MaGen system. Therefore the model could most easily be
transferred to another CDC installation. There is, however,
a certain amount of compatibility with IBM equipment. The
input to APEX III is the same as that to IBM's MPS-X package,
thus allowing the output of MaGen to be run on IBM equipment
with MPS-X. : :

. The amount of CPU space required by BECOM is
dependent on the number of constraints used.

d. Ease of Modification in System. BECOM is a flexi-
ble model with multiple options built in. If further options
or changes are needed, BNL staff can, under contract, make
them.

e. Documentation. The BNL January 1978 document,
"The Brookhaven Buildings Energy Conservation Optimization
Model," by Steven Carhart, Shirish Mulherkar, and Yasuko
Sanborn, discusses the theoretical model design. BNL staff
are available to answer questions on this and the structure
of the computer model.
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C. New England Power Pool Model for Long Range Forecasting
of Electric Energy and Demand (NEPOOL)

See Section C of the Residential Sector of this report.
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D. Eﬁergy Consumption Data Base:
Commercial Sector

[Jack Faucett Associates: Energy Consumption in
Commercial Industries by Census Division - 19/4] .

1. PurEose

" The Jack Faucett Assoc1ates (JFA) data base was develop-
ed for use as part of the FEA Energy Consumption Data Base
(ECDB). 1Its purpose was to assist the FEA and other govern-

‘ment agencies in the: de51gn, development, and collection of
energy information for use in statlstlcal and forecasting
activities and in analyzing the impacts of energy policies,
as gequlred by the Energy Conservatlon and Production Act of
197 .

The JFA data base.provides data on measures of activity
in the commercial sector, such .as space inventory or number
" of hospital beds, and measures of energy consumption per
unit of commercial activity which are presented in physical
units, such as barrels of petroleum products or per Btu.
These data were estimated only for the year 1974 although
the ECDB was to contaln data for the years 1967 and 1971 as
well.

2. Strpcture and Level of Detail

Most of the data are derived through the use of second-
.ary sources and various estimated parameters. The commercial
sector is examined as a set of specific industries or activi-
ties. The estimation techniques vary by the specific commer-
cial activity analyzed. In general, for each industry,
energy use per unit of the activity (termed energy coeffi-
-cient) is determined. Estimates of energy consumption for
each commercial activity are obtained by applying the values
of the energy coefficients to the measures of the activity,
such as inventory of floor space. ’

The energy coefficients are variable, so that for some
activities they are fuel-specific within a region,and for
other cases they measure total Btu per activity of an entire
industry. The energy consumed by a specific commercial
activity may be affected by several types of energy coeffi-
cients. This presents difficulties in establishing the
quality of data developed for a specific commercial industry.

Functional use (end use) patterns of energy consumption
were estimated in several commercial industries by applying
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"functional use matrices'" derived from a'study of ASHRAE
Standard 90-75. to the estimated energy consumption data.
These "functional:use matrices" were adjusted to be: fuel
specific and to fit the.functional use categories specified
for each commercial industry.

For purposes of.developing the Energy Consumption. Data
Base, the commercial sector is defined to include the follow-
ing industries:

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

(e).

(f)
(g)
(h)

Retail trade -.  .: .. .. . LT
Wholesale trade

Communications . . . e I

Utilities (excluding material inputs to electric
generation process)

Finance, insurance, real estate, and services

.Séhools - '; ;

Hosbitals and nursing homes
Public administration (local, state, and federéi,
including the military).

In-addition to the U.S. total, the nine census regions

included
(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)

(1)

in the data base are:
New England

Middle Atlantic
South.Atianficf
East North Centrai-
East Sbuth Central
Weét North Ceﬁtral
West.South Central.
Mountain

Pacific. - .,‘ , -

The commercial sector portion of the ECDB includeé six
fuel types. The types.of fuel and the physical unit asso-
ciated with each are as follows:
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(a)
(b)
(¢)
(d)
(e)
(f)

Coal (thousands‘of short tons)

Fuel o0il (thousands of barrels)

LPG (thqusands of barrels)

Natural gas (millions of cubic feet)
Electricity (millions of kWh)

Steam (millions of pounds) .

Within each commercial industry, data concerning energy
consumption are presented for each of the following func-
tional or end uses:

(a)
(b)
(c)
(d)
(e)
(f)
(g)

Space conditioning

‘Water heating

Cooling

Lighting

Refrigeration .

Other, not elsewHere classified'

Total of all functions.

3. Sources of Data

The data base is developed through the use of secondary
sources, such as Census Bureau publications. - Some of the
other major sources are listed below:"

(a)

(b)

Ide, Edward A. et al. Estimating Land and Floor
Area Implicit in Employment Projections. How

Land and Floor Area Usage Rates Vary by Industry

and Site Factors, NTIS #PB-200-069. 1Ide Associates,
Inc., Phlladelphla, Pennsylvanla, July 1970.

'U.S. Department of Labor, Bureau of Labor Statis-

tics. Handbook of Labor Statistics, 1975 Reference
Edition. U.S. Government Printing Office, Washing-
ton, DC. ' :
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(c) Energy Conservation in New Buiding Design: An
Impact Assessment of ASHRAE Standard 90-75,
Conservation Paper Number 43B, Federal Energy
Administration, U.S. Government Printing Office,
Washington, DC, 1975.

(d) 1974 Gas Facts, American Gas Association, Arlington,
VA.

(e) Statistical Yearbook of the Electric Utility
Industry, 19/4, Edison Electric Institute, New
York, New York.

These data were developed for the commerC1aL sector
portion of. the 1974 Energy Consumption Data Base. No updat-
ing of these data has taken place.

4, Access to Data

The DOE/EIA publication, "End Use Energy Consumption
Data Base: Series 1 Tables," provides a summary in tabular
form of the data in ECDB. The DOE/EIA publication, "End Use
Energy Consumption Data Base Version 110 User's Manual,"
describes the logical makeup of both forms of the data base
and how to use them both at EIA and from purchased tapes.

5. Computer Requirements

a. General Description. The End Use Energy Consump-
tion Data Base (ECDB) exists in two forms: (1) as a sequen-
tial file on tape for eaey transferability, and (2) as a
random access file on EIA's IBM 30-33 in the Forrestal
Building in Washington, DC. The advantage of the random
access version is that it operates under the ADABAS data
base management system, thus making it very easy to generate
a formatted report of any part of the data base using English-
like commands. Questions concerning ECDB can be directed to
Bruce Egan, (202) 634-5481, of the Energy Use Systems Develop-
ment Division.

b. Accessibility. To access the EIA computer, a DOE
project manager must submit a Data Service Request (DSR) to
Marion King in the Office of ADP Services, EIA, (202) 653-
3600. After approval, she will assign a valid account
number and password. After getting access to the computer,
one must get permission from Bruce Egan to use the appropri-
ate files. The EIA computer can be accessed by 300 and 1200
baud terminals and is connected to TYMNET. Questions con-
cerning the computer installation can be addressed to Ike
Digman at (202) 252-8959.
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c. Transferability. The ECDB version as a sequential
file on tape is available with documentation either by
contacting Bruce Egan or through National Technical Informa-
tion Service (NTIS), U.S. Department of Commerce, Springfield,
Virginia 22161. There are no security restrictions.

The random access file ver81on is not available
for transfer.

.d. Documentation. The DOE/EIA publication, "End Use

Energy Consumption Data Base Version 110 User's Manual,"

describes the logical makeup of both forms of the data base
and how to use them both at EIA and from purchased tapes.

For the random access version, this manual does describe the
ADABAS data. base management system; however, it would be

helpful if the user also had ADABAS manuals at his disposal.

The methodology used in generating the ECDB is
documented in the reports listed on page 3 of the User's
Manual or on. page 191 of "End Use Energy Consumption Data
Base: Series 1. Tables" manual.
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E. F.W. Dodge Data Base

1. - Purpose

The Dodge data base provides information on new con-
struction to firms that sell products and services to the
new construction market. The data base is developed and
maintained by the F.W. Dodge Division of McGraw-Hill Informa- -
tion Systems Company, which gathers, records, stratifies,
and analyzes new construction facts and figures.

The Department of Energy's Energy. Information Adminis-
tration (EIA) presently has Dodge data on its system for  the
years 1931 to 1976. 'Data are available for 1977 to.1980,
but DOE does mot currently have the means for procurement of
these data. Dodge began automating its data files in 1965.
Consequently, EIA's data is in two groups, 1931 to 1964
(purchased as printed data) and 1965 to 1976 (purchased on
tape). These data are keypunched by EIA to be compatible
with the automated format, but they are less detailed than

‘the more recent data.

2.. Structure and Level of Detail

The Dodge data base is structured as a data bank. It
includes data on 267 structure types. Data are provided on
approximately 106 nonresidential building types and 80
residential building types. There are 15 major commercial
categories. Some of the major commercial structure types
include: ‘

(a) Store and other mercantile buildings

(b) Warehouses

(¢) Office and bank buildings

"(d) Schools

(e) Hospitals and other health treatment buildings

. (f) Government administration and service buildings'

(g) Religious buildings

-

‘(h)} Amﬁsement; social, and recreational buildings
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(i) Housekeeping residential buildings
(3) Noh-hdusekeeping‘residential buildings.

For various structure types, information on specifiec
characteristics is. available. These characteristics include:

(a) Valuation

(b) Floor areé

(c) Dwelling units

(d) Number of projects v |
(e) - Number of stofies |

(f) Framing description

(g) Type of ownership (public or private).

The data are aﬁailable by county, by state, and in any »

level of aggregation.

3. Source of Data

The Dodge data base is compiled from results of ongoing
surveys by over 1,400 data gatherers across the United
States. These individuals contact designers, planners, and
builders who initiate new construction projects and record
the information. Data are available on a monthly, quarterly,
or annual basis, and are updated regularly.

4. ‘,Acceés'to Data

‘Dodge data may be accessible in three ways. First,
some data on valuation and floor space are available on an
annual basis through the Statistical Abstract of the United
States. These data are annual only, and are highly aggre-~
gated, given in national figures only.

Second, the Dodge data which are already in place on
EIA's system (1931-1976) are accessible to any DOE agency or
contractor to DOE. These data may be obtained by filing a
Data Service Request (DSR) with Marion King, in the Office.
of ADP Services, EIA, (202) 653-3600. The use of these data
is restricted by Dodge, particularly the form in which it is
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to. be published;* however, there is no restriction on the
level of disaggregation for non-published analysis.

The EIA-accessable data (lacking 1976 to the present)
are available in the form of one record per county per
building type, with information on square feet of space,
number of stories, and other specific measures. Aggregation
is accomplished by the user. EIA would like to purchase the
1976-1980 data, but to date has lacked sufficient funding
(§50,000). Contact Gerald Benls (202) 633-9022, for any
questlons regarding this. .

Third, the Dodge-data are accessible through direct

. purchase from Dodge, including up-to-date data with a one-
month lag. The use of these data is also restricted, as
stipulated by the specific contract. 1In general Dodge
sells its data only to firms directly involved. in the
construction industry. It has been recently reported that
the annual Dodge data will be made available through the
Data Resources, Inc., data bank. No spec1flc .information is
avallable on this at- the present date.

5. Computer Requlrements

The Dodge data base is in place at EIA on two TBM 30 33
computers. Computer requirements are minimal. Once the
Data Service Request is completed, Gerald Benis of EIA,
(202) 633-9022, should be contactéd for permission to access
the appropriate files. The data may be obtained through
remote terminals or directly from EIA. EIA also has a
report writer through which the approved user may enter his
or her own programs to obtain the data in the form required.

6. F.W. Dodge Data in Commercial Sector Energy Analys1s

a. Use of Dodge Data in Commerc1a1 Energy Estlmates
Many energy consumption studies in the commercial
sector are developed on the assumption that there is a good
empirical relatlonshlp between commercial floorspace and
energy use. This is based .on the use of floorspace inventory

*Generally, Dodge requlres sufficient aggregation so that
the published data will not satisfy market analysis re-
quirements for any of Dodge's commercial customers. This
has resulted in numerous skirmishes between Dodge and. re-
searchers, including those involving the General Electric
Commercial Sector Energy Consumption Data Base, the ORNL
Commercial Sector Model, and the ORNL Data Book, among
‘others. ‘
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as an approximation for energy-using equipment. (Space
conditioning and lighting are two obvious examples.) Since
there are no periodic surveys of commercial floorspace which
encompass all commercial needs, the requirements to generate
these inventories:'by commercial categories have drawn heavily
on the F.W. Dodge commercial sector construction data.
Three sources discussed in this present report
used the Dodge data for floorspace calculation: General
Electric, Energy Use in Commercial Buildings (GE); Arthur D.
Little, Residential and Commercial Energy Use Pattern 1970-
1990 (ADL); and the Oak Ridge National Laboratories Commer-
cial Sector Model- of Energy Demand (ORNT.), The use of thc
Dodge data in ali-three rests basically on a.'"stock additions"
model in which 1nventory in any year is equal to the inven-
tory in the previous year, plus construction awards 1n the
previous year, less the retirements or demolitions.- Since
Dodge data on construction activity ‘are central to-these
calculations, the majour differences- occur in"deciding how to
treat limitations in-those data. - -These limitations and ways
they were treated in-various studies are discussed below.

" b. Limitations in Applying the Dodge Data.* ' Dodge
data are availabile from 1925 to the present.  However, over
that time there.-have been a number:of changes in the data
coverage and categories, as well as.lack-of complementary
data with which to make the inventory calculations.: The
effects of these on floorspace calculations: are listed below
and then discussed.in more detail with. the alternative:-
approaches taken to thls solutlon S : EREIN

A e -~ . 1 - LRI 'S

1(1) -Incomplete geographlc coverage - T

,) -

(2) Changes in thexbulldlng categorles
(3) Lag ‘time between the building permlt collected
by Dodge, and actual building completion

(4) Lack of a corresponding series of demolltlon
- or removal rates’ for buildings’ :

1 S T

(5) Lack of an 1n1t1a1 1nventory for 1924

T - EN . . i - .
S : ER S L 2 T S . .o Sote s T L

S T ) I S : - R S

> s . . - . . - . [ '
*For a more complete treatment of this topic, see. an.article
by M.G. Strohleim in Energy Use in Commercial Bu11d1ngs,
ORNL, May 1979 Draft,\not for official use.

- - + .
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(1) Geographic Coverage. Between 1925 and 1956
Dodge did not collect data on 11 Western states, and
between 1956 and 1968 Hawaii and Alaska were left out.
Both the GE and ADL approach was to extrapolate from .
the 1925 data with 37 states to the 1956 data with 48
by using population ratios between the two regions to
make the adjustment. The appropriate application of
these ratios would be to the construction additions,
although Strohleim points out that GE adjusted the
inventory totals instead. The ORNL study included
population growth comparisons as well as absolute level
comparisons in the adjustment, since a growing population
would require more construction. Without this the
figures are underestimated in the earlier years of
rapid Western states development. A more complete

~analysis would explain the differences by additional

variables béyond just population and population growth
but these were not attempted.

S (2) BUlldeg Categories. Seven bu11d1ng categories
were reported in Dodge between 1925 and 1956. ' After
1956, there were 15 categories. GE estimates use the
15 categorles throughout. the period by calculating the
ratios between the 15 and the 7 as they existed after
1956 and applying these to expand the categories for
the earlier years. This makes the strong assumption
that the composition of the commercial sector does not
vary between 1925 and 1956. ADL's discussion was to
use the existing 7° Dodge categories and then make
adJustments within categories although the exact method-
ology for proportioning the adjustments is not clear
from the ADL test. The ORNL model's 10 commercial
categories were estimated using the Dodge inventories
and then estimating the commercial categories by using
cross-sectional data from other sources.

(3) Lags Between Permit and Construction-Put
in-Place. There may be considerable lag

between construction permit collected by Dodge and
actual building completlon GE assumed a 12-month lag
time between permit issue and completion. This was
held for the entire 1925-1976 time period and did not
vary by building type. GE's own estimates showed
considerable variation in this, so that the accuracy of
the annual inventory data may be compared. ADL does

not consider the lag issue. Similarly, ORNL ‘did not

compensate -for the lag period.

(4) Demolition Rates. Little or no annual data
are available on the 'decay" of commercial buildings
over the 1924-1976. period. Estimates for GE, ADL, and
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ORNL all assume a decay rate based on an average 45- to
50-year lifetime of commercial buildings. GE assumed a
constant decay rate corresponding to 50 years. ADL, on
the other hand, appears to have assumed a constant
lifetime of 45 years, so that the inventory in 1970 is
simply the sum of new construction between those years.
The ORNL solution assumes a logistic ‘decay function
that allows low decay in the first 20 years of building
life and then rapidly increasing over the last 15
years. In none of the studies does the removal rate
vary by building type. )

(5) 1924 Inventory Estimates. Because the Dodge
additions series begins in 1925, there is no estimate
ot the total commercial floorspace for the preceding
year. This could very much influence the 1970 or 1976
inventory estimates and the 1925 inventory apparently
does vary by commercial category, as indicated by ORNL
(p. 25) where in 1969, 26 percent of office building
floorspace was from before 1925, while only 13 percent
of retail building floorspace existed before 1925.

ADL's solution to the initial inventory
question was the simplest, and also the most inaccurate.
ADL assumed that the 45-year building lifetime argued
no need for a 1925 inventory in the 1970 study year (45
years later). GE tried a variety of procedures:
straight line extrapolation of the stabilized cumulative
construction activity for years after 1925, ratios of
inventory to GNP, relationships between inventory
growth rates and GNP on population, and calculations
based on inventory growth and growth in the economy in
1925. . These provided a broad range of 1925 inventory
estimates from which GE took an average. The composi-
tion of the initial 1925 inventory by separate commer-
cial category depended on the 1956-1976 composition, as
discussed in (2) above.

The ORNL initial stock estimate varied depend-
ing on the building category. Where there were cross-
section estimates of inventory proportions at some
point in time (as there were surveys for retail build-
ings and office buildings, age distribution statistics
for a period of years) then, assuming the decay rate
using Dodge addition, ORNL could work backwards to
calculate the initial stock. When these cross-section
estimates were not available or uncertain for some
building categories, then other independent measures
were used. An example of this would be square feet per
pupil estimates to derive a given year's school building
. floorspace and then, using Dodge addition and a decay
rate, working backward to the 1924 inventory.
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‘The use of Dodge data to calculate commercial-
floorspace inventory is central to estimates and pro-
jections of commercial energy use. However, analysis
of the methods applied to the data by various researchers
at GE, ADL, and ORNL indicates that there is consider-
able variation in methodology and results, and also
considerable room for improvement in maklng best use of
the Dodge data source.

¥
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F. National Federation of Independent Bu51nesses (NFIB)
Energy Report for Small Businesses’

1. ‘PurEose'

The ”Energy Report for Small Businesses" is a survey

. conducted by the NFIB to obtain energy information from mem-

ber companies for use in advancing the goals of the organiza-
tion. The obJectlves of the survey are primarily to provide
data and opinion to ‘direct NFIB policy toward various

energy issues. The questions asked have varied since the
survey's inception in 1974 as different energy issues have
become 1mportant NFIB has cooperated with Federal energy
agencies in attempting to include energy policy relevant
questions. :

2. Structure and Level of Detail

The questions asked on the survey have varied since the
first survey. Data collected for all of the surveys are:

(a) Type of organization (corporation, partnership,
- proprietorship)

(b) Type of business
(c) Gross sales
~(d) Number of employees
(e) Numberiof vehicles used by the firm.
(f). Average monthly expenditures for fuel and elec-
tricity (broken out by fuel type: electric, gas
- and propane, fuel o0il and kerosene, vehicle fuels,

and -coal and coke).

Other data are also collected, The 1977 :survey provides

data dealing with the following subjects:

(a) Whether'the‘building'is owned or rented
(b) Whether utilities are included in the lease
(e) Type of fuel used fer heating

: (d)  Type of fuel used for cooling

(e) Operating hours per week
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(f) Type of natural gas contract (interruptible or
non-interruptible)

‘(g) Whether energy deliveries have been curtailed in
the past 12 months

(h) Effect of energy supply curtailments on the opera-
tion of the business

(i) The effect that restricting operating hours to 60
hours per week would have on the business

(j) The effect on sales of limits on lighted, outdoor
advertig;.j_ng .

(k) The effect of a 20¢ per gallon increase in gasoline
‘ prices

(1) Any changes in operation or capital investmente in
the past two years to reduce energy use

(m) The businessman's opinion on future fuel avail-
' ability

(n) A qualitative estimate of how much fuel consumption
could be cut without affecting sales.

3. Source of Data

The survey has been conducted by mail using a sample of
approximately 18,000 of the NFIB's 465,000 member firms. A
27 percent response rate was obtained from the 1977 survey.
Samples were randomly selected for each mailing. No attempt
was made to create a longitudinal survey; the survey is
termed "qQuarterly" because it pertains to the three months
preceding the survey. However, only five surveys were con-
ducted at irregular intervals between 1974 and 1977. The
last survey was performed in 1977, and there are no current
plans to undertake additional surveys. '

4, . Access to Data

Tabulations from the surveys, including analysis of the
information, have been published for the National Federation .
of Small Businesses by Faculty Associates, Inc., in their
Quarterly Energy Report for Small Businesses. At present,
five energy data sets exist. The data are also available on
computer tape which can be obtained from Faculty Associates.
It is possible to have Faculty Associates perform analysis
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of the data, though they do not directly offer thelr services
for the1r energy data.

" NFIB also collects economic information for small .
businesses. (The samples are different from those used for
the energy surveys.) . Presently, 26 economic data sets exist
from 1973 through 1979. Faculty Research Associates can
create a data tape with any combination of the energy and/or
economic data sets. The cost of the tape is dependent on
the data sets chosen. ' '

5. Computer Requirements

Data from the NFIB Energy Suvey is available on computer .
tape which can be obtained by contacting Joseph H. Fee,
President, Faculty Associates, Box 2176, Placeville, Cali-
fornia 95667, (916) 622-8656. The tapes can be written
either at 800 bpi or 1600 bpi and in either ASCII or EBCDIC.
Documentation is included with the tape.
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G. ADL Commercial Sector Energy Use Data Base

[Arthur D. Little, Inc.,: Project Independence
Re51dent1a1 and Commercial Energy Use Patterns 19/0- 1990]

1. Purpose

The Arthur D. Little (ADL) data base, which includes
data projections, was designed to provide systematic and
well-documented data for developing energy policy in the
residential and commercial sectors of the economy. The data
base was developed as a part of the Federal Energy Adminis-
tration's Project Independence. ‘It provides data on the
bu11d1ng stock and levels of energy consumption in ‘each
sector in 1970 and projects growth of both of these through

.the year 1990.

An updated version of the ADL commercial data base is a
major input to the residential and commercial parameters and
final demand constraints for the Brookhaven National Labora-
tory model BECOM and its optimized conservation technology
choices. . That ADL version forecasts growth in energy
consumption in the residential and commercial sectors from
1975 to 2000. As a part of Project Independence Evaluation
System, the ADL data base was also an important input into
the U.S. energy forecasting system.

The ADL data base ‘is not a primary input .to other
presently used energy demand models, but elements of its
data and methodology still provide a historical basis for
the development of current tools of energy conservation
analysis. A

2. Structure and Level of Deteil

The ADL data base uses a computer simulation to describe
energy consumption in the commercial sector. For the year
1970, energy use is described in 500 cells along four dimen-
sions, including five building types, five end uses, four
geographic regions, and five fuel types. These are described
below. Unit energy demands and the market penetrations of
specific fuels are estimated for each of these elements.
Aggregate energy demand in 1970 is then determined by multi-
plying these estimates by market penetration and building
inventory size. Total energy demand from 1970 to 1990 is
estimated from projections of building inventory, unit
demand, and market penetrations based on various -assumptions.

1
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The ADL commercial data base 1ncludes bulldlngs defined

by the following categories:

(a)

(b)

(c)

(d)

(e)

Office buildings, including general office build-
ings, banks, and public administration buildings

Retail establishments, including stores and other
mercantile buildings and garages and seérvice
stations

Schools, including educational classroom buildings,
laboratories, libraries, and related institutions

Huspitals, including hospitals, clinics, and other
medical care facilities

Other, including hotels, motels, dormitories,
amusement, social, and recreational facilities,
and religious buildings.

Within each commercial building type, data concerning
-energy consumption are presented for each of the following

end uses:

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

(e)'

Space heating

Air conditioning
Lighting |

HVAC auxiliary equipment

Appliances and hot water hecating, refrigeratiou,
and computers.

‘The ADL commercial data base presents energy use data
for building type and end use for each of four Census regions

and U.S.
are:
(a)
(b)
(¢)
(d)

total and each of five fuel types. The four regions

Northeast
North Central
South

West.

The five fuel types are:
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(1) Gas

(2) 0il

(3) Electricity

(4) LPG
(5) .- Coal.
3. Source of Data

Sources of data for the ADL commerc1al data base include . .
the following: . .

(a) Statistics compiled by the F.W. Dodge Division of
McGraw-Hill Information Systems Company as reported
‘in the Statistical Abstract .of the United States

(b) Various forecasts and progectlens of'personal
. income, populatlon, employment, and industrial .
.sector earnlngs and sales : ,

(c) ASHRAE Guide and’ Data Book

(d) American Gas’Associatien'pubiicatiohs

(e) Edison Electric Institute publications

(f) Illuminating Engineering Sdciety‘(IES) Handbook.

The data developed for the ADL commercial data base are
for the year 1970. Regular updating of the data base does
not take place. Updating has occurred, however, on a contract
basis, such as that undertaken for use in Brookhaven's BECOM

system. The base year for BECOM is 1975 and prOJectlons are
made to the year 2000.

4, Access to Data

Tables for the ADL data base are available in the
appendix to the ADL report:  Project Independence, Residen-
tial and Commercial Energy Use Patterns 19/0-1990.. Updated
data may be referenced from the Brookhaven input data files

| to their BECOM model. These are not directly available but "
can be requested from Peter Kleeman, Principal Investigator
of the BECOM project (516) 345-2116. The ADL data base is
not currently. available at EIA.
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5. Computer Requirements

The ADL data base in its updated form for commercial
buildings is available as input data to the BECOM model of
Brookhaven National Laboratories (BNL). Both the baseline
data and output files of BECOM are accessible by a computer
report writer, which allows for flexible extraction of data.
BNL can be contacted to print these files through Peter
Kleeman, or arrangements can be made for remote access to

‘‘the BNL computer and files. The ADL data base is not cur-
rently available on other computer installations.

6. Bibliography
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H. AIA Research Corporation Data Base

1. Purpose

The AIA data base was developed by the AIA Research
_Corporation for the U.S. Department of Housing and Urban
‘Development . (HUD) as the first phase in the. development of
energy performance standards for new construction in confor-

- mance with Title IIT of Public Law 94-385, "Energy Conserva-
tion Standards for New Buildings Act of 1976 " The purpose

of the AIA data base is to establish a consistent reference

or baseline of current practice in building design and
construction for the evaluation of alternative energy standards
to he nsed in the design of new buildingc.

2. Structure and Level of Detail

The AIA data base estimates the'energykconsumption of
recent (1973 to 1976) residential and nonresidential buildings
from bulldlngs design data. Energy consumptlon is measured
in Btu's per gross square foot per year. For purposes of
data collection in this effort, classifications of building
types and climates are defined. Residential buildings are
classified into four groups, as follows:

(a) Single-family detached

(b) Single-family attached

(c) Multifamily low rise

.(d) Mobile homes:

Nonresidential buildings are classified into 12 cate-
gories. These building types include:

(a) Office

(b) Elementary school
(c) Secondary school
'(d)"College

(e) 'HoSpifal'"

(f) Clinic
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(g) Assembly

(h) Restaurant

(i) Mercantile

(j) Warehouse

(k) Residential non-housekeeping
(1) High-rise apartments.

The last category, high-rise apartments, is included in
nonresidential buildings because this type of building
operates as a commercial building with a central heating
unit, even though the activity housed by the building is
residential.

In addition to building type classifications, climate
regions of the United States were defined. A climatic clas-
sification system was constructed which defined seven
climate regions based on combinations of heating degree days
and cooling degree days. These climate regions do not
coincide with specific geographic areas; rather, they cross
geographic regions within the United States. This approach
was taken to ensure that climatic variables which affect
energy consumption in buildings and building design were
adequately considered.

Data analyzed for residential buildings include:
(a) Structural configuration

(b) Envelope description, including walls, windows,
doors, floors, roof, etec.

(¢) Heating, ventilating, and air-conditioning systems.
Heat loss, heat gain, and heating and cooling utilizatidn._
factors were calculated, which together yield the estimated
energy required to heat and cool the residences for one
year.

The data analyzed for nonresidential buildings include:

(a) General information, such as floor area, volume,
and: number of stores

(b) Building envelope and site-related orientation
data
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(¢) Designed. use'and “building .functions

(d) .Heatlng, ventllatlng, and air- cond1t10n1ng systems
data : . .

(e)'_Domestic hot water and lighting systems data

(f) Incorporation of renewable energy usage con51dera-
: thDS . ,

These data were analeed usiug a proprietary energy analysis
computer program, AXCESS, developed by the Edison Electric

~Institute, which calculated annual design energy consumption

levels.

3. Sources of Data,

Statistical analysis was. conducted on 4, 300 question-
naires completed by residential construction members of the
National Association of Home -Builders (NAHB) and 289 questlon-
naires completed by manufacturers' of mobile homes. For
nonresidential buildings, 1,661 completed questionnaires
from 37 Standard Metropolltan Statistical Areas (SMSAs) were
analyzed. _ .

4. Access to Data’

Details concerning the data and output of this effort
may be obtained through reports available from the National
Technical Information Service (NTIS), U.S. Department of
Commerce, 5285 -Port Royal -Road, Springfield, VA 22161. °
These reports include detailed discussions of the building
and climatic classifications, data collection for residential

and nonresidential buildings, and the resulting energy

consumption levels for residential and nonresidential build-
ings. ' .

5. . Computer Requirements

The AIA/RC survey data, data tape, and documentation
have been transferred to DOE. Specific information on how
to access this file was not available for. this report.

"H-3 Commercial



6. Bibliography

AIA Research Corporation. Phase One/Base Data for the De-
velopment of Energy Performance Standards for New Buildings:

(a)

(b)

(c)

(d)
(e)
(£)
(g)

Final Report, Jahuary 12, 1978 (includes Executive
Summary) - '

‘Task Report, Building Classificati@n,.January 12,

1978

Task Report, Residential Data Collection and
Analysis, January 12, 1978

Data Collection, January 12, 1978

Data Analysis, January 30, 1978

Sample Dcasign, January 30, 1978

fClimaticfClassificatién,,January 30, 1978.

H-4 Commercial




L.

Nonresidential Buildings
Surveys of Energy" ’
CQnSUmption



I. Nomresidential BuildingslSurveys of Energy Consumption

1. Purpose

-This project is a natlonal survey conducted by the ,
Energy Information Administration (EIA) as part of a major
effort by the Department of Energy to develop a compre-
hensive energy- consumption data base. The Nonresidential
Buildings Survey is to collect basic benchmarking information
on énergy capacities and inventories in the nonresidential
sector. Specific authority for the survey is vested in
Section 52 of the Federal Energy Administration Act of 1974,
as amended, which charges the EIA with the responsibility
for creatlng and ma1nta1n1ng a National Energy Information
Systen.

Four stages of survey development have been undertaken
or are contemplated:

(a) Pilot Survey - Nonresidential Bu11d1ngs Pilot
.Survey to test-a preliminary version of the
questionnaire and the survey design for an interim
survey. :

(b) Interim Survey - Nonresidential Buildings Interim

+ - Survey to provide users with timely but limited
information for planning an analysis or building
conservation

(¢c) Feasibility Survey - Nonresidential Buildings
Feasibility Survey to develop information for a
full-scale . national survey as well as timely
information for key areas of the country

(d) National Survey - National Nonresidential Building
Survey to provide on a recurring basis information
that will have validity at the national level on
energy capacities and inventories on the non-
residential sector.

The specific discussion that follows will provide details

only for the most recent and complete of these, the Interim
Survey

2. Structure and Level of Detail for Interim Survey

The’antesidential Buildings Interim Survey was under-
taken by Westat, Inc., for EIA using two survey instruments.
‘The first collected data on building structure operating
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- characteristics- and management .conservation responses from
owner or manager interviews. The second is collecting data
on monthly'fuels-use and billings from.,utilities:.and fuel
suppliers. - . The owner/manager phase was'completed .in October
through December- 1979 the fuels data phase is.nearing-
completlon Co LT eraa T .o

The survey 1ncludes 1nformat10n for approximately 7,000
nonresidential buildings in the United States. The bulldlngs
included in the survey are classified-into 16.categories as
follows:

(a) Agricultural buildings

(b) Asseﬁbly buildings

(c):”Educationél;gﬁildingsv f .f"(?'ld ;ff ? i -

“(d).uFood;rélatéd:sales andﬁsefvlde | ?Q

(e) Hedlth-erlin-patient.ééfes;‘ ..

‘(f) Health -- out-patient care . \ B | v en

v(g) >Industriél buildings

(h) .Lésora£ofieé

(i) Mercantile/service - : . , . R

(j) Mixed use |

(k) Office buildings

(1) Public order and safety

(m) Residential housekeeping

(n) Residenﬁial‘nonfhousekeeping

(o}«‘Storage-

(p) Other.

Two general .categories . of information were obtalned
durlng this- project. General buildings data include:

(a) Number and type(s) of building océupants

(b) Year of building construction
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(e)
()
(e)

(f)

(g)

(h)

(1)

()

(k)

Number of'floors
Total square feet

Glass coverage as percent of exterior surface,_
including type of glass

Use of awnings or shades

Last yearladdltlonal insulation was installed to.
roof or walls since. construction, .if any

Last year caulking or weatherstripping was applied:

General categor1es of heating," ventllatlng, and

Aair-conditioning;(HVAC) equipment

Primafy.and secondary activity(ies) in the building
(by share of square footage) :

Number of persons who .work in the building.

Data on energy consumption in the buildihgs éovering a
period from December 1978 to January 1980 include:

(a)

(b)

(c)

(d)

(e)

(f)

(g)
(h)
(i)
(3).

(k)

-Percent of bu1ld1ng square footage heated and

cooled Y

Building operating hours per day

Type of energy conversion (tofheat) system ~l4

”General'type of heat dlstribution system

General'type of cooling system

Type of temperature controls (individual/central)

"Normal winter and summer interior temperature

Types of fuels or energy.sources

Number of fuels or energy suppliers used

Billing method (individual tenants/single building)

Billing coverage (1nd1v1dual bulldlng/multlple
bu1ld1ngs) . , .
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(1) Energy information packets received. . '

The utility company and fuel supplier data
for all fuel accounts in each building surveyed (a:
the appropriate owner waivers are signed), monthl ly ene
volume, and cost data for a period of not less than 12
months and up to a maximum of 36 months.

The categories of data are regional

2 ized by the four
~major census regions (Northeast, North Central, South,
West).
| a
3. Sources of Data
a. - Interim Survey. The Nonresidential Buildings

Interim Survey is structured as an area probability survey
based on a sampling of 1,900 areas from 79 counties or
county  groups im the Unitcd ftates. The survey was conducted
by Westat, Inc., using their proprietary sampling frame
categorized by business activities and with S@mples drawn
from segments of the counties calculated 'to have roughly
equivalent numbers of business establishments. §§m911ng
statistics have mot yet been released. ‘

The Nomresidential Bulldings Interim Survey 0@n31sts
of two survey instruments. One is a buildlng owWner or
manager interview. Survey interviews were conducted between
September 1979 and Decenber 1979 and covered approximately
7,000 monresidential buildings. 'The interviews took approxi-
mately one-half hour per x@spondent

The second Interim Survey 1nstrument is a quesg;on-
naire which was mailed to utility companies and fuel Sup=
pliers. This mail instrument requires the companies Lo
provide monthly energy wvolume and cost data for a peb'gd of
not less than 12 monLhS;and up to & max1mum<@f 36 months.

ggygged to test a
‘The
Q@ 29

b“ PlLot Survey Thls sumwey\was €O

rof mhe Buﬁsau:pf the‘Census Pm1n01ple<
nWashlngt©n”ADC” Baltimere, Maryland, ;
wania, @reas. ‘The. surveyrcollected da
wiith buildimg owners andzmanagersdf :
maires to ithe buiildis Ly & el ssup. e
Amterview ss-vey\wassqgnduc&ed.by‘Wesmat Inc. ., -ing
1979 wiiith wtility @and f_el«supplmer:datafcompleLed.by Sep~
ttember 1979..
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Cuo Feaqlblllty Survey This survey is to include
Boston, Massachusetts, the Portland, Oregon, Standard Metro-
politan Statistical Area (SMSA), the service area of Seattle
City Light, and the Tri-Cities ‘area (Richland, Pasco, and
Kennwick, Washington). The survey is scheduled for late
. summer 1980 to be taken by Westat, Inc., for EIA. It is
- planned that 600 buildings will be surveyed in each of the
four areas. - An important feature of the Feasibility Survey
will be the attempts to use participating electric: ut111ty
customer lists to.identify buildings to be included in the
survey. This can be important in helping develop the random
and representative sample, and may help avoid the slow and
labor-intensive "area listing" of a11 bu11d1ngs in the later

Natlonal Survey :

' d. Nat10na1 Survey. This survey is planned as a

- full-scale national survey to take place in the mid-1980s
and to be repeated (tentatlvely) every two years. The
sample size is to be approximately 7,000 buildings.

4, Access to Data

A report on the Pilot Survey and its evaluation were to
have been published, but is not yet available. This is to
summarize the findings, describe the methods used, and
provide cross-tabulation -and various tables for evaluating
responses to the questionnaire and sampllng No release of
the _survey data is contemplated ' :

For the Interim Survey, a first report on character—.
istics of buildings is due to be released in August or
September 1980. An imputation file will have been developed
by spring 1981 to fill gaps from missing data or interviews,
so that the full tabulation and public use file (and tape)
for the interview responses and energy consumption should be
available in late spring 1980. A major obstacle in develop-
ing that file is the confidentiality question of.how to
handle responses from buildings that are large or unique in
their survey area. o

5. Computer Requirements

Publie use tapes of these data are expected to be
‘available through the EIA in the early part of 1981.
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v.. Ateas oI the Nonresidential lnterlm-Energy consumptron
Survey that 'Represent AdditionsY for. CommercialuSector
Energy Use Analys1s

[ ! m 4 B s T

The' Interlm Survey represents a maJor efforthtoward.a
comprehen81ve survey+of -nonresidential. buildings energy 'use
characteristics:. The  following~lists characteristics-and °
variables from the survey questionnaire ‘that ‘should provide
significant contributions to” commerc1a1 sector. energy conser-

vation analy51s and plannlng S S R LRI £t AN
L L | S ty Ty '.'.A N A T [P 1 AR 3 B
‘a. National Perspective. The sampllng plan should

- permit weighting of the data to give national projections of
the numbers-’ types, and characteristics of the buildings,
building occupants, and their energy use. Earlier surveys
either do not provide natlonal coverage»orﬂxas 1is” the:case
with the Census Bureau's Annual Housing Survey or EIA's
“Interim' Energy Consumption Survey, they do not provide’the
depth of 1nd1v1dua1 appllance classifications and usage

N Pt . PO W .‘.'\

b.. Random Sample The Westat sampling frame may not
provide: the same strength-of sampling base' that ‘is- under
consideration in the Feasibility -Survey and later the National
Survey, but' it doés provide: the random sample of representa-
tive data for the commercial sector that will permit good
cross-sectional: econometric'analysis across building charac-
teristics, owner/occupant responses, fuels, and prices.

c. Utility and Fuel Supplier Data. Other surveys
have collected monthly utility-‘or supplier data (e.g., the
NEPOOL data discussed in another chapter of this report),
but not in terms of all fuels consumed for a building or as.
the fuel proportions vary over time. Further, the Interim -
Survey is careful to collect informatioéon o6n all the accounts
‘and customers within a building and relate these to their
specific application. This permits certain further disaggre-
gated analysis. The l4-month longitudinal data also permit
seasonal and behavioral analysis across the broad sample of
buildings and use characteristics, particularly with respect
- to outside factors such as the status of imported fuel.

d. Bulldlng Activities and Occupants. The Interim

" Survey provides more information than other similar .surveys
on the various commercial "activities within buildings.. Data
on the primary and secondary user floorspace in combination
with the other survey data should prove very useful in
estimating and projecting potential energy conservation
responses as ‘they -differ- -across buildings and occupants or
activities.
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€. Building Categories. The Interim Survey considers
a large number (16) and gradation of buildings by use or
activity categories. The survey is, however, by building
not by establishment (SIC) category nor by physical building
type. To date use of SIC category has not proved very
useful for commercial energy use analysis. By choosing the
activity category, some information is lost in terms of
physical structure and perhaps location. (The survey does,
however, cover some major structural categories.) To the
extent that these physical attributes are major determinants
of energy use, conservation analysis may be weakened. On
the other hand, the generic use categories may provide
additional 1n51ghts into occupant behavior and consumption
and how they may be influenced by conservation measures.
These categories also are used in simulation and forecasting
since their: growth may be llnked to economic and demographlc
determinants. :

f.  Agricultural and Industrial Buildings. These are
included as building categories 2(a) and 2(g) above. They
are not typically included in commercial-sector-analyses,
but are entirely relevant for. analysis of energy use and
-conservation in buildings. However, it does not appear that
the interview questionnaire fully addresses the special
characteristics of energy use in those buildings (e.g., the
survey does not include miscellaneous 1tems of equ1pment
such as mdthlnery)

g. Timing of Conservation Investments or Actions.
This is an important item surveyed in the Interim Survey but
not covered in most other commercial-sector data bases. It
can be extremely important in estimating conservation res-
ponses. Examples in the Interim Survey include such items
as the last year of insulation installation and the last
year of caulking and weatherstripping.

h. Building Operating Hours. By surveying the number
~of operating hours each day of the week, the Interim Survey
provides variables which can assist in estimating and plan-

- ning the effects of work hour restrictions for increased
energy. conservation during, for example, crisis periods.

The survey, however, does not look at the da11y work schedule
by time of day.:

i. Temperature Setback Program. By specifically
inquiring on receipt of materials and actions toward the
temperature setback program and adsking questions on tempera-
ture settings, the program evaluation, and future incentives
and regulations can be studlcd and planned.
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7. Additional Data Not Collected by the Interim Survey

‘It should be noted that the Interim Survey does not
provide the depth about building structure that would have
been included in a building energy audit. The interview
with the building manager is designed to take approximately
one hour, The Interim Survey is intended to provide baseline
data on energy consumption and must necessarily lack certain
details that would be desirable for conservation analysis.
Some of the data not covered in thé Interim Survey are
listed below.

(a) Building thermal integrity

(b)  Hourly operation schedule of buildings and loads

(¢) HVAC and distribution systems by specific type

(d) Monthly electric hilling demand (i.e., kW)

(e) Lighting types and loads by specific types

(f) Computer equipment

(g) Miscellaneous loads

(h) Outside air intake

(i) Number of control zones

(j) Hot water load data

(k) Refrigerator/freezer data.
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In a soon to be released draft report for EIA BDM,
Inc., reviews commercial sector surveys and evaluates elements
of the Nonresidential Buildings Interim Survey. Work in the
present report has not drawn on this.

Additional information on the Nonresidential Buildings
Interim Survey of Energy Consumption may be obtained by
contacting Wilbert Laird, Energy Information Admlnlstratlon,

U.S. Department of Energy, (202) 634- 5615
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J. Additional Modeis and Data Sources

' .The treatment of the models and data sources in this
section is . not in the detail or the format of those preceding
it. The purpose of this presentation is simply to alert the
reader to their existence and possible use. Some. of these
‘and other models or data sources might be 1ncluded in any
future version of this. report.
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1. General Electric Co. Commercial Sector Data Base
General Electric Center for Advanced Energy Systems: Commer-

cial Sector Energy Consumption Data Base Development Project,
CF-ES- R /8-1, Volume 1. March 1978

The General Electric commercial sector data base has
been developed as a part of an effort to construct floorspace
inventory data for the commercial sector,, to identify and
analyze energy.consumption data sources, and to initiate a
data base describing commercial sector energy -use. This
data base is central to the flonrspace calculations used. in
"the Oak Ridge commercial sector energy/demand model. Only
.the General Electric floorspace 1nventory is presentcd in

the following discussion.

The approach taken by General EleCtric.in developing .
its commercial sector data base is based on a relationship °
between historic construction and demolition activity and
present building inventories as a way to estimate commercial
floorspace. Annual estimates of commercial buildings and °
floorspace inventory are developed for 15 building types
from 1925 to 1976. These building types include:

(a) Store and other mercantile buildlngs

(b) Warehouses (excluding manufacturer owned)

(c) Office-and bank buildings

(d) Cummertial garages and auto service statlons

(e) Schools and college C]aqsrnnm buildings

(£) Laboratories (excludlng manufacturer- owned)

(g) - Libraries and nuseums

(h) Hospitals and other health treatment buildings

(i) Government administration buildings

(j) Other government .service buildings

(k) Houses of wofshin

(1) Othervfeligious buildings
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(m) Amusement, social, énd.recreational buiidings
(n) Miscellaneous nonresidential buildings
(o)' Non-housekeeping residential buiidings

To establish the initial (1925) commercial bu11d1ngs
1nventory, General Electric uses six different methods to

‘develop inventory estimates. The two methods which yield

extreme results are eliminated and the results of. the remain-
ing four methods are averaged to yield the initial buildings
inventory. In developing the estimates of commercial floor-
space for 1975 from the initial commerc1a1 buildings inven-
tory, General Electric applied various methodologies to
allow conaldcratlon of the follOW1ng :

(a). Extrapolation of geographical coverage to include
‘the total United States where data were not avail-
able , .

(b) Variations in the definition of the.commercial
sector and categorical breakdowns of commercial
bu11d1ngs :

(c) Lag times between the issuance of a commercial
building constrution award and actual project
completion

| (d) Estimation of commercial building removal rates
due to demolition, fire, or other causes

(e) Estimation of regionél floorspace inventory and
building counts over 173 Business Economic Areas
(BEAs) as defined by the U.S. Department of Com-
merce.

The General Electric commercial sector base is developed
from in-house calculations and data from various previous
studies and simulation models. Two key sources of data
include "Construction Put in Place," published by the U.S.
Department of Commerce, and "Dodge Construction Potentials,"
published by F.W. Dodge Division of McGraw-Hill Informatlon
Systems Company.
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2. The BOMA Commercial Sector Data Base

Building Owners and Managers Association International
(BOMA): Downtown and Suburban Office:Building Experlence
Exchange Report ‘(annually 51nce 1922).

"The purpose of the BOMA data base is to prov1de members
with comparative data ‘on expenses) by ‘type of expendlture,
.per square foot of rentable space: The BOMA"data base is
unique in that it ‘has been collected annually and. thus
dlsplavs trends .in- energv use per square foot

The report, based on a 5urvey of BOMA members,‘summa-
rizes data on 963 ‘buildings in 1975, representing 8 percent
of commercial office space in the United States. Only
aggregate data are reported; data on individual buildings
are not generally released.’ General data collected 1nc1ude

(a)- Building"cit§/locat1on in city i
(b) Floor space
(c) Age
(d) Height (in stories)

(e) Occupancy type -and rate

(f) -Number of persons in building
(g) Electrical billing policy

(h) FEnergy type for air conditioning

(i) Lentral air cond1t10n1ng tonnage

Energy data collected 1nclude cost and volume 1nformatlon
for the follow1ng

(a) Electr1c1ty

(b) Gas
(¢) 0il
(d) Coal
(e) Steam

(f) Chilled water.

J-4 | Coﬁmefcial



3. The Tiéhman—Syska and Hennessy Data Base

Tishman Research Corporatlon and - Syska and Hennessy, Inc. |

Energy Conservatlon in Ex1st1ng Offlce Bulldlngs (June 1977)

Tlshman Syska and Hennessy developed a detalled data
base on 44 New York City office buildings. ' The purpose of
this effort was to examine how energy use is affected by

"building characteristics. Data collected include fuel con-

sumption by fuel, building and month‘for'the'period 1971 to
1975, as well as information on building characteristics,
such as floorspace and lighting systems. " Normalization

_ factors for weather and for utilization were developed.
" Statistical "analysis identified correlations between building

characteristics and energy.. For example, Btu per square

foot generally was higher for buildings constructed after

1960 than' for older buildings. The data were used to estimate

. savings in. energy from changes in. operatlonal practlces and

equlpment
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4. - The NEMA Commercidl Sector Data Base

National Eléectrical Manufacturers Association and the National

Electrical Contractors Asso¢iation: Energy Consumption in
Commetcial Buildings in_ Phlladeghla f

: The NEMA study was based on a randomesample of 50
office buildings in downtown Phlladelphla, representing
approximately 25 percent of the ¢ity's commercial office
building sto€k. The buildings examineéd were ¢lassified into
three groups as follows:

J(a) Class A: modernized, kept up=to=date, and well
- maintained. About 40 percent of the qémp]e wag in
this €ategory.

(b) Class B: well malntalncd but not complctely
modernized. About 58 percent ot the sample was in
" this category. : :

(c¢) (Class €: older, not well maintained. Only 2
petcent {(one bulldlng) was in this category.

The study related bulldlng characteristics to energy:
¢cohsumption: <Characteristics studied included extent of
maintehance, building age, number of stories, .-occupancy,

HVAC - system type, owner=operator or rented, and data processing
‘systems. -NEMA found that the major fa@tors affecting energy
consumptioh wete the extent and type of building use and the
pres@nce of absence of @omputer and data proce851ng systems.
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5. ORNL Buildings Energy Use Data Book

" Oak Ridge- ‘National Laboratory: Bulldlngs Energy Use Data

Book; Edltlon 1, ORNL-5352 (April 1978)

"0Oak Rldge Nat10na1 Laboratory Buildings Energy- Use Data
‘Book, Edltlon 2, ORNL 5552 (December 1979 released June ;
. 98 ) S ,

The ORNL: Bulldlngs Energy Use Data Book is a compllatlon
of reS1dent1al and commercial energy use data The basic
purposes of thlS effort are:

(a) ToAmake.selected existing data available
(b) To identify areas~where«data-are lacking

'(c) To 1dent1fy data 1ncon51sten01es and to resolve
' these where p0551b1e : -

" The data. 1nc1uded in the Data Book”are from secondary sources
~only; none are the results of pr1mary data gatherlng efforts‘

by ORNL.

: a. 'Buildings Energy Use Data Book, Edition 1. The1
Data Book, EditLion 1 is organiz.ed:in.to eight chapters..

Chapter 1 presents historical and deflnltlonal

‘data. Included here are municipal, commercial, and residen-

tial bulldlngs inventories and hlstorlcal consumptlon trends
for various fuels. : .

Chapter 2 dlscusses appllances by energy source,
1nc1ud1ng a comprehensive inventory of household appliances
and equipment for heating and cooling for the residential
sector. .Similar appliance and equipment data are not avail-
able for the commerc1al sector. -

A detailed analysis of the efflclency rat1ng is-
presented in Chapter 3 for several of the major appliances.

~Where possible, an attempt is made to give a sales-weighted

eff1C1ency rating for the populatlon of appliances.

Chapter 4 presents data on demographlc trends and
indicators. These data include .the number and types of -
housing units, the number of households, and populatlon
varlables : o
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A Chapter 5 examines . factors which contribute to the
determination of a building's energy use, such as floorspace
and the number of stories. . Data on certain specific struc-
tural characteristics such as w1ndow area,,are found to be
particularly scarce.

Data on economlc 1nd1cators are presented in
Chapter 6. These data include economic determinants of
energy use, such as disposable iincome and personal consump-.
tion expendltures SR e

Best ava1lable aggregate data on energy by sector
. and fuel type are presented in Chapter 7. Included here are
data on fuel consumption and prices. :

. Chapter 8 contalns ‘a reV1ew of varlous existing
energy-related studies.  The studies were chosen on the
basis.of availability, current applicability, and comprehen-
siveness. This chapter differs from the previous chapters
in that it contains discussions and results of modeling
efforts and various est1mat1on procedures

In addltlon to these chapters, the Data Book
includes a user's guide and a glossary. The user's guide
provides technical explanatory remarks and supportive data.
The glossary provides definitions of technical terms and in
some cases addresses definitional dlscrepanc1es by 1nd1cat1ng
reportlng organ1zat10ns

b. Bulldlngs Energy Use Data Book, Ed1t10n 2. The
Data Book, Edition 2 was recently released to the public
(June. 1980) Edition 2 prov1des an update of Edition 1,
with the addition of new data sources as well as organlzatlon
and evaluation -of the data along the lines of research and
policy analysis. This reference book is divided into two
parts: Part I (Chapters 1 through 5) "Determinants of
Residential and Commercial Energy Consumption" focuses on .
subject areas affecting energy consumption; Part II (Chapters
6 through 9) offers "Special Topics in Re51dentlal and ‘
Commercial Energy Consumption" composed of three short
studies on solar energy, community systems and schools and
hospitals, and reviews of selected energy studies.

Chapter 1 discusses building stock characteristics, -
including inventories, structural characteristics, and
thermal characteristics of bu1ld1ng envelopes and construc-
t10n materlals

Chapter 2 prOV1des data on appllance shipments,

1nventor1es, efficiencies, and prices. Additional detailed
data are given on water heaters, room air conditioners,
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refrigerators and freezers, cooling equipment, clothes

dryers, clothes washers, dishwashers, lighting systems,
heating systems, and fuel use efficiencies for warm air
furnaces, boilers, heat pumps, and wood stoves.

Fuel production, consumption, and prices are
presented in Chapter 3. to provide information on fuel prices
and energy sales by geographic region and economic sector.
The chapter also addresses: data deficiencies as they might
.be applied to indicators of natural demand, and inputs to
models and forecasts.

: Chapter 4 provides data on demographic and climatic
variables that affect residential and commercial energy
demand. Included.are total population, household, and loca-
_t10na1 demograph1c data, and 1ndoor and solar c11mat1c data.

; National economic determlnants of re81dent1a1 and
_commerc1al energy consumption are given in Chapter 5. GNP
status, personal consumption expenditures, - employment, and
labor force statlstlcs, are among the variables dlsplayed

Aspects of solar energy are discussed in the
Special Topics Chapter 6.. This provides an overview of
solar technology, equlpment materials programs, and progress.
Emphasis is placed on technologles most appropriate for
buildings, space conditioning, and water heating. The
analysis also . looks at cost-benefit and applications studies,
barriers, incentives, and government interventions.

Chapter 7 presents discussion and data on community
systems approaches to energy conservation. The chapter is
organized toward several major subsystems of a community
system based on an integrated utility system concept. The
- focus is on prime movers, solid and liquid waste disposal,
and district heating and cooling. Sections on wind power
and geothermal resources are also included.

Energy consumptlon in schools and hospltals is the
major topic of Chapter 8. Improved heating system efficiency,
reduced full-temperature operating hours, reduced outside
air intake, minimizing lighting, and trained operating
personnel are topics and data presented on elementary,
secondary, and higher education facilities. Health care
facilities are discussed in terms of their unique problems:
restrictions on air movement, ventilation requirements,
temperature and humidity requlrements, and other env1ronment-
al controls.

Chapter 9 reviews selective aspects of several
energy studles Included are: i
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(1)
(2)

(3)

(4)

(5)

(6)
(7)

(8)

C(9)

Methods for Computing Residential Energy Use

Saving Energy - The Home:

Princeton's Ex-

periments at Twin Rivers’, by R.H. Scolow

Energy Consumption Data'Base: the Household

. Sector, by, the EIA

i

Washington Center for Metropolitan Studies
Life Styles and Household Energy Use national

survey

Fuel Choice and Aggregate Demand in the

Commercial Sector; by S. Cohn of ORNL

ORNL ‘Engineering Economic Model of Residential

Energy Use, by Eric Hirst and Janet Larney of

ORNL

'Commercial Energy Use:

A Disaggregation by

+Fuel, Building -Type, and. End-Use, by Jerry

Jackson and William Johnson of ORNL

iThe Commercial Demand for Energy: A Disaggfe-

+gated Approach, by Jerry Jackson et al., ORNL

‘'National Energy Accounts:

U.S. S
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6.  Solar Market Development Model

2 ' .. See Section K-2 of the Residential Sector of this report.
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