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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 
effectively~ and to provide guidance toward more specific 
expertise and documentation. 

The major modelsand 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. ConservationPolicy Office. The choice focuses on 
models and data s6urces 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 indiviQ.ual buildings and appliances. 
While such building•design appro"aches 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, residentHll conservation programs, 
and retrofft and weatheriz'ation programs. . Further, the 
macro emphasis of this report reflects the importance at the 
national and regional levels of understanding and planning 
for the overall impacts of energy use and fuels demand .. 

The models and data sources of this report were, in 
general, choseri so that they were complementary rather than 
competitive with one ano.ther 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:-

xi 
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TABLE 1. OUTPUTS AND DETAILS OF RESIDENTIAL SECTOR MODELS AND DATA SOURCES1 

Residential 
Sector Models 

and Da.ta Bases 

ORNL 
Resideat ial 

BECOH. 

NEPOOL 

KATH/CI!RDS 

DATA SOURCES 

Year 

1970, 1977 initiai; 
Annual projections 

1975 initial; 
Annual projections 

1970, 1975 initial; 
Annual pro j ec tiona 

197•l, 1974, 1975 
initial; Annual 
projections 

NIECS Winter 197~-1979 
National Interim 
Energy Consumption 
Survey 

End Use Consump- 1967 •. 1971, 1974 
tion Data Base 
ECDB HoUsehold 

MRI Appliance 
~urvey 

Annual Housing: 
Survey;;; 

Census of Houslr.g 

1976, 1977 

1973-1979 

1970 

AlA/Research Corp. 1973-1976 
(Phase 1 data for 
BEPS) 

Energy Use (Demand) 2 

Re;ideatial 
Hou.dng Types 

S: new ant exist_in,a;_ single-· 
-family, mu!tifamily, mobile 
·:~.ames 

:l: new and· exist in~ "typi­
:al" buildings - single-fam­
ily, low-densi::y, high-rise, 
"llObile hOliES 

!t: single-famlly, :nulti­
family, mooile hooe, second 
home 

3: housir:~~& by household 
::haracteri.3tica 

5: single attached., de­
tached; 2-!t units; 5 Or 
more; by touse'hold char­
acteristics 

5: single attached, de­
tached; mcltifamily at­
cached. de£ached; too bile 
home 

2: single:, multifamily 

5: single attached, de­
tached; 2--e!t units; 5+; 
mobile home 

2: single, multi-unit.,; 

5: single attached. de­
tached;· an.J..ti-fam.ily l·=n~­
rise, higl:-rise apartments, 
mobile hooes 

Rea. ion 

u.s. 
9 Census , 10 DOE, 
states (in process) 

u.s. 
4 Census, 9 Census , 
some states and 
utilities 

New England Power 
Pool and utility 
service areas· states 

u.s. 
10 DOE, Urban/Rural, 
SHSA/non SMSA 

u.s. 
4 Census 
Urban/Rural 

u.s. 
9 Census 

u.s. 
4 regions, urban 

4 Census 
SMSA 

u.s. 

Central cities outside 
SMSAs 

4 Census 
9 Census 
SMSA 

u.s. 

Central cities outside 
SMSAs 

1 climate regions 

Fuel Tvoe 

4: elect., oU, gas, 
other 

5: elect., o1il, gas: 
solar, coa.l/ fossil 

2: eler.t1 !city. 
other 

5: elect .• gas, LPG. 
oil. coal 

6 identlf:..ed; 
3 measu::-ell: elect., 
oil, gas 

7: elect., oil, gas. 
LPG. ccal. ke1osene 

All' ide-:tt ~flee.; 
2 meas~.:.re.l: e:lect •• 
gas 

6 identif led: 
elect. 1 g.as, I.PG, 
oil, coal, wood 

6 identifled: 
elect., gas, LPG, 
C'il, c~al. wo•d 

5 fuel tyJes ::!.den­
tified ln. equ::pment; 
Btu,'sq ft mea:sured 

End Use 

8 end B&ee, Version. V 
10 end •see; VerSion VII 

· 6 end usee 

10 basic applhnce types 

6 a.ppllanc.es; space 
heating; and c:xJling, 
hot. wa:-er 

7 prin-:.lpal uses 
identified 

9 end 

13 ele::.tr~cal appli­
ant:2s IEasured i 
4 a::~jor- end uses iden­
tiet.ed 

3 l::lentified 

3 ~ent:ifled,. not . 
mesured 

5 end use a, r.ot 
meesured 

1aiven the vttt'i•:ty of detail and purpose of the models, datd bases, and ~.Jrvt.-.IJ results, the ti :les of the ratEgcries are 
aggregate.d c:c.: (."apture the general a:tribute~. These are qualified within the table and ir: tho'J relevant s~ctio;or:s 0'! the 
report. 

2
Heasured in Etu except for NIECS ar~ HRI (pJysical units); some sources such 
etc.). 

ECDB also pro,ide physica. u.nits i'bbl, kWh, 
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Residential 
Sector Models 

and. Data Bases 

MODELS 

ORIIL 
Residential 

BECOM 

"NEPOOL 

HATII/CHRDS 

DATA SOURCES 

NIECS 
National Interim 
Energy Consumption 
·Survey 

Structural Conversion 
technologies, Materials, and EQuipment 

Efficiencyfcapital cost trade­
offs for 16+ equipment-fuels; 
heat, gain, and loss by struc-
tures and materials · 

25 (approx.) conversion, 8 struc­
tuial for· each housin·g type 

19 applianceS 
4 structural 

Efficiencies by 6 appliances i 
heating, cooling ratios, 
general structural 

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

·8 conversion, 
8 structural 

TABLE L 

Market Shares 
by Fuel Type 

4 fuel types by 
end use and 
~ousing 

5 fuel types by 
end use and 
housing 

Electricity share 
by end use and 
housing type 

5 fuel types by 
end use, housing, 
household char­
acteristics 

6 fuel types by 
end use and 
housing 

7 fuel types 
by end use and 

(CONTINUED) 

Demand and Demand 
Measures 

Final energy demand by 
fuels, h!'using, end use 

Assumes final demand 
given; calculates inter­
mediate, primary flows b}r 
use, fuel, housing 

Ffnal electric demands, 
ho~rly electric levels 
by end use and housing 
type 

FL"\81 demands for fu~is, 
e~rgy by housing, house­
hold, .end use 

OU, gas, electricity 
co'lsumption per household 

Fbal demand for energy, 
fu~ls, end use 

· Changes and 
Investments in 
Energy-Related 

Devices 

·Capital cost for 
each change in 
efficiency ati.d 
structure; units 
installed 

25 devices, 
8 structu~al 
investments by 
number, cost 

Relates loads to 
generation 

Changes by num­
ber of reward 
retrofit and 
their distribu­
tions 

Explicit and 
Implied 
PriceS 

Impiicit discount 
Tates; capital-to­
operating cost 
trade-offs· for 
-equipment, struc:. 
tures 

Shadow· prices for 
all resource and 
technology con­
straints. Dis-

Fuel prices are 
inputs 

8 changes queried ::lil, gas, elec-
in Fuel Oil Sur- tricity prices 
vey 

Behavioral Measures 
and Respon·ses 

Efficiency, market share, 
usage elastisticities calc~­
lated by end use, fuel. 

Final demands are input 
to the model. D.iscount 
rate is proxy for be­
havior 

Appuance spcc1t1c price 
elasticities by fami_ly size, 
income determinants 

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

------------------~----------------------------nho~u~s~inn•~-~-----------------------------------------------------------------------~------------
lmplicit dema~d curves 
for electric appliances 
from monthly d~ta 

End Use Consump­
tion Data Base 
Ecos Houshold 

Annual Housing Surveys 

Census of HOusing, 

AlA/Research Corp. 
(Phase i data for 
BEPS) 

6 structural 

10 appliances/ equipment; 
l Structural 

11 appliances/ equipment 

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

El..ectric demand monthly, 
hoorly by appliance, by 
ho.Jsehold; gas demand 
mo:'lthly 

Bt.1/ square foot 

Insulation 
rates 

Storm doors, win­
dows, insulation 

Structural and 
conversion im-

~!::~!~4tion 

Electric, gas 

Housing design and 
construction practices 

J 
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OUTPUTS AND DETAILS 0~ COMMERCIAL SECrOR MODELS AND PATA SOURCES
1 

Eneray l!ae (Demand)
2 

Structural 
and 

Conversion 
Commercial Commercial Technologies;· 

Sector Models Subsector an~ Materials, and Market Shares 
and Data Bases Year · Buildl.nos Region Fuel Type Enc Use Equi-nt · ·by Fuel Type 

~ 

ORNL 1970, 197; 10 buildings, u.s. 4: elect., oil, 5 et.d uses Efficiency by 4 fuel types 
CoUJDercial initial; typed by coumer- 4 Census regions ·gas, other building, fu-el by end use and 

Annual cial activity 10 DOE regions and end use, building 
Project ion3 St8tes ur,der de- structural 

velopment change; cap! tal 
cost of each 

BECOM 1975 ini- 5 typical u.s. 5: elect., oil, 6 et:.d uses 25 conversion, 5 fuel types 
tial; buildings typed 4 Census regions gas, solar, coal.' 8 structural by end use and 
Annual by commercial 9 Census regions fossil for each buildi~g 
Projections acti.vity Some states and building typ-e 

utilities 

NEPOOL 1970, 1975 6 "Industries" New England Power 2: electricity, 3 eu.d uses 2 conversion; E1ectricity 
initial; by SIC group- Pool, ane utility other structural share by end 
Annual ings; includes service areas; outside the use and indus-
Projections some noncoume:- states model try 

cial 

DATA SOURCES 

End Use Con- 1974 8 "InCustries" u.s. 6: including 6 e~:d uees 6 feel types 
sumption Data by SIC grouping 9. Census regions steam by end use and 
Base (EOB),. itd~;stry 

Coi!IDercial 

Dodge2• 3 1925-1980; 15 commercial u.s . 
Construction monthly_ grqupings; States, Counties, 
Potentials 1964- 186 structures all aggregations 

present 

Hati:onal 1973-1977 8 business 9 regions 5: elect., oil, 2, :.dena!- struct:Jral ----
Fed.erati:m of typesi organ!- gas, coal, other fied, net convenion 
lndepend ent zationa.l struc- identified, not mea:;ureC 
Business cure measured 
(NFIB) 

Arthur D .. 1970 ini- 5 buildingS u.s. 5: elect., oil, 5 ead uees ~ structural, 5 fuel types 
Little (ADL) tial; 197!'>, typed by commer- 4 Census regions gas, LPG, coal; 24 conversion by buildings 

1980, 198>, cial aCtivity Total Btu per, anJi applb.nces 
1990 pro- year per buildin~ implicit 
jected 

AIA/Rese~rch 1973"1976 11 buildings ty-ped 7 Climate regions 5: fuel types 5 er.d usas, Full anal: sis of 
Corp. (Phase by coanercial ac- identified in buirding structura: tbenr.al 
I data for tivity equipment, but function envelope ;.nd con-
BEPS) not measured !Cer;tifi.ad, version t~~:choolc-

not meas::.~r- gies 
eo 

Nonresiden- 1979 16 buildings u.s. 3: elect., oil, 3 etxl uses, 6 structu:-al~ 3 Eu.el types 
tial Interim typed by com- 4 Census regions gas !Certified 16 conver~iom by buildings 
Building(~ mercia! activit:! not mea- (approx.) 
Survey sured 

1
Given ehe variety of detail and purpose of the 1110dels, data bases, and sur\."e!f resu-lts, the t:.it~es of the categories 
are aggregated to capture the general attribut17:i.. These are qualified ~o~ithia the table and in th.~ reJevant sections 
of the report. 

2
civen in Bt'u except for NFIB ($), and Nonresidential Interim Buildings Sur\'e!l' (in physical I..WJits, bbl~ k.Wh, etc.). 
Some sources, such as ECDB an~ N~POO~ also measure in physical units. 

3
F.tl. Dodge dota do not represent energy use or •upply analysis, but are a aaJor .input to coimJe:ci:ll sector energy 
projections through fJoor•p•ce additions. 
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Commercial 
Sector Models 
and Data Bases 

~ 

ORNL 
Commercial 

BECOM 

NEPOOL 

DATA SOURCES 

End Use Con­
sumption Data 
Base (ECDB), . 
Commercial 

Dodge2 • 3 

Construction 
Potent.ials 

Total Demand and 
Detaand Measures 

Final energy dema:ui; fuel, 
building, end use 

Assumes final demand 
.given; calcs. inter­
mediate, primary flows by 
use, fuel, tech., building 

Final electric d.emands, 
hourly e:.ectric l.Qads 
by end use and irulustry 

Final deoand for energy, 
fuels, sobsector, 
end use 

National Yearly, hourly energy 
Federation of expenditures 
Independent 
Business 
(NFIB) 

Arthur D. 
Little (ADL) 

AIA/Res~arch 
Corp. (Phase 
I data for 
BEPS) 

"Nonresiden­
tial Interim 
Buildings 
Survey 

Flnal energy demand 1 fuel, 
subseCto:- (building) and 
end use 

Fuels consumptior~ data at 
household levels 

TABLE 2. 

Changes and 
Investments in 
Energy-Related 

Devices 

Capital cost for each 
change in efficiency 
:md structure; satura­
tion levels 

2S devices 
8 structural invest­
ments by nuaiber, cost 

Relates loads to gen­
_eration; saturation 
levels 

Shifts in structure 
construction levels 

Changes in 1 structural 
6 conversion technologies 

14 appliance saturations 

W_indows, shades, insu.la­
tion1 caulking, temp. 
controls, heat and 
cooling changes 

(CONTINUED) 

Explicit arul 
lm lied Prices 

Implicit discount rates, 
capital/operating tradeoffs 

Shadov prices for all demand 1 
resource, and technology con­
straints. Discount -rates in 
objecdve function 

C8pital/operating trade­
offs 

Monthly fuel pri~es 

Measure· of 
Commercial. Activity 

by Commercial 
Subs ector 

Output and floorspace re­
lated to popuiation and 
per capita inCome. 

Building flocrspace using 
each technolcgy combina­
tion . 

Trends in output per e~ 
ployee; emplcyees 

By space-use factors 
(e.g., per employee, per 
pupil); by fLnctional 
activities 

Building valc.e, number, 
floors pace, lor 15 commer­
cial groupings 1 186 struc­
tures 

Sales, emplo)·~rs 

Trend grovth of sub­
sectors by income, 
populatt'on 

Btu/square feet 

Behavioral Measures 
and Res onses 

Efficiency, market share, and 
usage' elasticities by end use/ 
fuel 

Final demands are input to 
the model. Discount rate 
is proxy for behavior 

kWh/employee changes, with 
linear price response 

Lighting, fuel cutback 
responses 

Ovn and cross-price 
elasticity for fuels for . 
entire sector 

Building design and construc­
tion parameters 

Building act::.vities, occu- Temperature setback response; 
pants' emplo~ent conservation activities and 

implicit response io 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 ~f ~he categol·ios 
arc aggregated to·capture the general attributes. These .:JI".C qualifit..:cl within the table and in the relevant sections 
of the report. 

2 . 
Given in Btu except for NFlB ($), and Nonresidential Interi.m Buildings Survey (in physical units, bbl, kWh, etc.). 
Some sources, such as ECDB and NEPOOL also measure in physi·Cdl units. 

3
F.W, Dodge ddta do not repzesent energy use or supply anal~sjs, but arc a major input to commercial sector energy 
projections through floorspace additions. 



mization Model (BECOM) takes the end-use demands as input$ 
and chooses energy-using technologies that achieve those 
demands at lea$t cost; the Mathematica Policy Re$earch, 
Inc., Micro Analysis of Transfers to Households/Comprehensive 
Human Resources Data System (MATH/ CHRPS) model provides 
di$tributional 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 electricity 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; hou$ing 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 AlA/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 ElA 
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 
re~ult~ of a series of synthetic surv~ys. However, because 
it is necessary to deal with more structural detail in 
discussing 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 

• Level of regional, sectoral, and fuels detail 

• Outputs 

• · Input requirements 

• Sources of data 

• Computer accessibility and requirements 

• Bibliography. 

For data sources, the general outline topics ar~ as 
follows: 

• Purpose 

• Structure and level of detail 

• Source of data (or sampling method) 

• ·Access to data 

• Computer requirements 

• 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.* 

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 file~. 

*Bittman Associates, Inc. Models for Residential and Com-
. mercial Sector Energy conservation Analysis: Applications, 
Limitations, and Futur~ Potenti~l, HClOll-002-80-948. 
September 1980. 
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A. Oak Ridge National Laboratory 
Residential Energy Model 

[Structural Res.idential 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 
ene~gy use infor~~tion 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 
h9using, 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 de·terminants of residential energy use. 

The ORNL Residential Model regional version provides 
the basi~ 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 ~ersion 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 e~ploys 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 demograph.ic, 
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econb~ic, and techrtological 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 techrtolo• 
gical variables permit analysis of the engineering trade­
offs of energy use and efficiency to capital costs for 
heati~g and cooling equipment and their efficiencies. 

The analysis relies heavily on both economic and en­
gineering relation.ships to calculate future energy demand. 
Econometrically estimated equations describe short-run 
energy utilization responses due to changes in, for example, 
fuel prices .. Similarly, fuel choice or fuel switching is 
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 housing model generates forecasts of 
occupied housirtg 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 nece~sary 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 con_di tioriers. · 

c. Economics. .The economic model analyzes household 
energy demand responses to fuel price changes. Changes in 
the overall consumption of a fuel are presented as the . 

·result of short-run adjustments in equipment usage levels 
and of long-tun change~ in the type (fuel switching) and in 
the quality (increased efficiency) of the.energy-using 
equipment or structure. A distinctive and important feature 
of the model is that analysis of energy demand responses to 
fuel price changes is represented explicitly in three 
elements: equipment market share elasticities, equipment. 
usage elasticities, and technical efficiency elasticities. 
These are discussed briefly below. 

(l) E ui Fuel Choice or Market Share Elastici-
ties W1t Reslect to Fue · Pr1ce. T ese esti­

mate the changes in fue consumption due to changes in 
fuel choice for new and replacement units (e.g., from 
electric to g~s 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 percent_age of house­
hqlds living in urban areas (f6od freezers). ' 

The responsiveness of the market shares ot . 
new equipment with respect to changes in th~ sales 
prices of that equipment can also be estimated by 
conv~rting 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 appliance, equipment, 
or housing structure, assuming the equipment or housing 

·structure remains unchanged (e.g., changes in house 
tempera.ture settings, or in clothe-s 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":'terlil effects are determined by inputs t;hat suggest 
that one-half of the total usage response occurs during 
the first year. 
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.. :. · ' ·{ 3) 'Technical Efficienc Elastici tie$.. These 
elasticities represent changes in pure ase decisions by 
~~sidents concerning the eff{ci~ncy of their energy-

n·· 1. using .equipment or thermal performance of new structures 
as fuel prices change (e.~., shifts from electric 
r-:esistarice heating· to electric heat pumps or shifts to 
better insulated housing). These elasticities are 
estima.ted: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 penetration calculations for ~ew 
equipm~nt and structuies •. 

d, . · Simul.at.i ons. The simulation model combines the 
outputs from the various demographic, economic, and technology 
submpdels·together with the initial and end-value conditions 
(e.g., market shares, fuel, and equipment prices) to calcu­
late the ho~sehold.demand forecast~ by fuel and end use. 
ORNL describes the basic equation of the simulation model 
that defines residential use of fuel i for end use k irt 
~ousing type m during year t as: 

Qikm =·HTm HSm cikm Tlikm Euikm uik 
t - t t t t t t ' 

"where HT is the stock of occupied housing units, HS is the 
average size of housing units (for space heating and air 
conditioning only), Cis the fraction (market share) of 
households with 'a'particular type of equipment, TI is the 
thermal performanc~ 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."* 

\ ' r I l 4 • \ .. ''' .! l • t 

3; Polic;v yariables and Parameters 

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

· . a. Level of Disargregation. The large number of end 
uses (8), .fuel types (4 , 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. 

*From Hirst and Carney, ORNL/Cori~ 24, p. 46. 
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cost-efficiency curves' or utilization rates .for existing or 
new. equipment 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 
recognizes 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 determined 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 explicit breakout of these in~eractions. 

Policy and program variables that can be analyzed with 
the model include the following: 

(a) 

(b) 

(c) 

(d) 

(e) 

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 e~uipment fuel choice for new 
and replacement units. · 

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

Equipment efficiency or building thermal perfor­
mances, as these are affected by appliance or 

. building standards or possibly large-scale retrofit 
programs. 

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

Technological changes that might 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 Residential Model provides energy_analysis of 
the following: 

(a) Fuels 

·(1) Electricity 

(2) Natural gas 

(3) Oil 

(4) "Other 

(b) End uses 

(1) Space heating 

(2) Ai~ conditioning 

(3) Water heating 

(4) Refrigeration 

(5) Food freezing 
' 

(6) . Cooling 

(7) Lighting 

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

(c) Housing types 

(1) Single family 

(2) Multifamily 

(3) Mobile homes 

(d) Housing states 

(1) New houses 

(2) Exist{n~ houses. 

Versions of the mode~ provide analysis at the national 
level and for 9 census r~gions and 10 DOE regions. State­
level versions are available but not fully operational. 
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·s. Outputs 

Th'e ORNL Residential Model energy forecast simulations 
combine housing, economic, and technology sector calculations 
with 1970 (or for recent versions, 1977) initial condition 
anc:l 1970-20.00 (1980:-2000) boundary or policy parameters to 
provide residential energy use forecasts to 2000. 

Outputs of·the residential sector simulation include: 

(a) · Total energy use 

Energy use by fuel type 

F.nArgy use by housing type 

Fuels demand by housing type 

Fuels demand by end .use 

_(f)
1 

End use equipment and installation 

(g) Energy requirements of equipment 

(h) Buildings structure thermal performance 

(i) Fuel expenditures 

(j) Equipment costs 

(k) Costs of :;improving the.rmal performance of new and 
existing 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 simulation model include: 

(a) Initial conditions for 1970 (or 1977) 

. ( 1 )· · Equipment ownership . 

. (2) · Annual equipment fuel use 

(3) Equipment prices 

(4) ·New equipment installations 
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(5) Fuel prices 

(6) Housing stocks . 

(b) Trajectories and boundary conditions for 1980-2000 

(1) 

(2) 

(3) 

(4) 

(5) 

d>) 

Housing stocks; new construction, and ho~sing 
. size (from housing submodel) 

Technological possibilities for new equipment 
and structures 

Fuel .. Prices 

Per capita income 

New equipment prices 
. ' 

. ~~w eql.lipm~nt .standards 

(7). Thermal performance standards for· new struc­
tures 

(8) Thermal performance of retrofit programs. 

7. Sources of Data 

Data collected for the ORNL Model can provide an impor­
tant source of information for residentiat 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 regionalization of the model are given 
in Kurish and Hirst (1977). The primary source for descrip­
tion of the model,.its estimation, and dat~ sources is 
Hirst and Carney (1978). 

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

b. Technology and Cost Data and Analysis of 
. Efficiency-Calital Cost Trade-offs. These data 
are developed from theollowing sources: 
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(1) Electric, gas, and oil space heating (0 1 Neal, 
1978) 

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

(3) Refrigerators (Hoskins and Hirst, 1977b) 

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

(5) Housing structures thermal performance 
(Hittman Associates, 1977; Hutchins and 
Hirst, 19.79; Hutchins and Hirst, 1978). 

c. Economics. 

(1) Share 
These are estimate y Lin, Hirst, an Con 76), for 

.four fuels --.oil, gas, electricity, and other -- and 
for five end uses -- spa6e heating, air conditioning, 
water heating, food freeting~ 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 oil (USDA). ~lec­
trici ty [Edison Electric lnsti tute (EEl)]', Gas [American 
Gas Association (AGA)] .. 

(c) Market :shares. Saturation rates for 
fuel by ~nd use and for roo~ 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: 

(a) Fuel Prices and Fuel Consumption. 
Electricity (EEl). Natural gas (AGA). Fuel oil (USDA 
for prices, Bureau. of Mine-s for consumption). 

(b). Economic-Demographic. Per capita income 
and prices (Survey of Current Business). 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 
rlP.scribed by Hirst and Carney (1978). Data and the basis 
for regionaliz<=~tion of the model are given in Kurish ami 
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 moqel for the 10 DOE regions 
is also integrated 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 Eriergy 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 inputs. 

9 .. Computer Accessibility and Requirements 

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

The ORNL residential.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 Ver~ion 7 with baseline data from 1977 .. The regionaliza­
tioh of this should be complete in the summer of 1980. 

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

h. Accessibility. ORNL can make residential sector 
model runs under contract; . Such runs are submitted ~o. 
Dennis 0' 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) 252-895.9. · 

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 nul tllfflcull foJ.." the u~er to modify. the code 
himself. 

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 t6 the uncertainty, caused by the events of 1973 and 
1974, ~bout 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. 

Althotigh the ~odel is specific to the New England 
region, its m~thodology and output can provide important 
contributions to national ene~gy 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 s~ecific 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 furiction of the economic, demographic, and-
energy conditions. This diffe~s 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 simulation. 

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 for~casts, 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 consumption of each user. The number of users is 

.. calculated in the· demographic/economic module, while the 
average use is in. t.he power module. These modules exist for 
each residential, commercial, industrial, and other sector, 
although the detail and breako~t 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 briefli 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 us·e in the model. Both the demographic fore­
casts whichprovide 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- arid 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 forec~sts of 
head of hou~ehold 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 c&tegories is based on the 1970 
c~nsus. Second home~ are also calc~lated as ~ function 
of the primary ·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 industry, this provides wage, social 
security, propri~tor's income, and other labor income~ 
Property and transfer ihcome ate calculated from 
population forecasts and trends in per capita r.:ttios. 
The distribution of·income by households is then derived 

· from state-specific 1970 tensus 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 intome equals 
the personal income calculated by other sources. 

(2) ent SubmoduLe. Em-
ployment is t e primary in icator o economic ac,tivi ty 
in the NEPOOL model. E~ployment levels drive calcula­
tions of hou~ehold 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 employment; and, for employment that 
produces for "exports" out of the specific region, 
"export" employment asa function of ratios of regional-

_to-national riosts of doing business. 
. . 

b. Residential End-Use Submodule. The residential 
~e~tor of NEPOOL develops forecasts of energy demand and 
load patterns ·for each of 19 appliances.· These forecasts 
require calculation of the number ofappliances installed by 
type, average wattage per appliance, the probability o·f an 
appliance being in operation at a given time, ·and trends in 
wattage and hourly load profiles by ap~liance. 

( 1) Stock of Appliances.. For air conditioners, 
ranges, clothes washers and dryers, freezers, and·di~h­
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 estimate.d by multiple 
regression to be a function of first-year cost differen­
tials per sys~~m, including fuel cost differential, . 
total sales expense, percentage of housing permits that 
are single family, and the urban-rural ratio. ~enetra­
tion of electric water heaters in non-electric heated 
homes was estimated as a simple growth trend. 

load 
( 2) _ ~~-E.!.Y.J:'g.aasL.~_r1_<?files. Te~ech-ampp

0
nll.t._hancanedhofuorrly 

profi~es were eve .. oped frir _Q_ 

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 appliance. 

Three major factors were included as affecting 
the for~cast of appliance loads: trends in each appli­
ance usage, trends in each appliance efficiency, and 
re~ponses 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. Commercial Sector End Use Submodule. The commer­
cial 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 public utili ties are conside_red commercial 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 electricity consumption among·commercial 
categories in the model is due to characteristics of the 
commercial building 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 c·ategory, 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 fo~ 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 econQmicjdemographic 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 consumption in the re.sidential 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.available in the capacity 
to· simulate hou}:"ly l9ads by end use. · 

. a. Residen.tial Sector. Major variables and parameters 
which may be used for residential sector energy conservation · 
policy analyses include the following: 

(1) Fuel cost differentials between electric, 
gas, and fuel oil: 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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sho~t-run elasticities reflect ~rimarily . 
changes in each appliance rise, but also for ; 
the long run, changes in appliance efficiency 
and, where applicable, fuel switching. 

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

(4) Load mana ement and conservation 
t at a ect time an uration o use o 
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 inc_ome-specific efforts to pro­
mote. conservation that are accessible through· 
the ·model's regional disaggregation. 

b. Commercial Secto.r Energy Policy Variables. 

(1) Prices may 
co~ercial 

(2) and air 
or sue commercial 

anges could be due to 
to buildings design or 

(3) Load managemen~.and co~~ervation policies 
that attect bus1ness operating practices. 
For example: operating hours, lighting 
practi~PB and time-of-day thermostat controls. 

4. Level of Regional, Sectoral, and Fuels Detail 

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

(1) Connecticut· 
(2) Maine 
(3) Massachusetts 
(4) New Hampshire 
(5) Rhode Island 
(6) Vermont. 
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Climatic detail for heating and c.ooling is avail­
able by region. 

·b. Residential. 

(1) Housing 

(a) Single-family 
(b) Multifamily 
(c) · Mobile home 
(d) Second home 

(2). Households by Income Class 

{a) 10 classes .$0 - $10,000 
(b) 7 classes $10,000 - $25,000 
(c) $24,000 - $25,000 · 
(d) $25,000 - $50,000 

·(e) $50,000 + 

(3) Appliances 

(a) 
(b) 
(c) 
(d)" 
(e) 
(f) 
(g) 
(h) 
(i) 
(j) 
(k) 
(l) 

. (m) 
. (n) 

(o) 
(p) 
(q} 
(r) 
(s) 

Electric range 
Microwave· oven 
Refrigerator, frost-free 
Refrigerator,· st~ndard 
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 
Lighting 
Room air conditioner 
Central air ·conditioning 
Electric .space heat 

·Fossil-fuel space-heating auxiliaries 
Miscellaneous. 

c. Conimerci.al. -E1ectrici. ty use per employee is 
analyzed f?r the following categories: 

·(1) Forestry,· fishing, and construction 

(2) Transportation and public utilities 

(3) Wholesale trade 
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'( 4) . Retail trade 

(5) Finance, insurance, and real estate 

(6) :services and government. 

d. Electricity. Th~ NEPOOL model focuses on electric 
consumption and -load distribution. Detail for this is pro­
vided at the following levels: 

-~-~·- · .: Jl)· ·Monthly 

:. (2) Daily 
:,.,., • : l '~ ~ \ . ., • 

-
' 

5. 

(a) 
' (b) 

. ' ; I< .• ·:·' ·, (c) 
(d) 

Monday or day after holiday 
Tuesday through Friday 
Saturday 
Sunday or holiday 

(3) Hourly. 
' ' ' 

Outputs 

•t 

. ' 

Residential and commercial sector outputs are available 
at a wide variety of disaggregations. For each state or 
region thes~ iriclude: 

(a) Annual residential electricity forecasts by total 
housing type and appli~nce 

l 

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

(c) Average residential electricity forecasts for 
monthly and hourly loads by total, sector, housing 
type, and appliance 

(d)· Average commercial monthly electricity forecasts 
for monthly and hourly loads by total and commer­
cial categories 

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

6. Input Requirements 

NEPOOL simulations at the state level for residential 
and commercial runs are initialized with 1970 historical 
economic and demograp~ic 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. Thes·e have been variously updated, with calcula­
tion simulations run to 1975 and more recent dates. The 
model·is prograinmed 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, ~xcluding projections of demo­
graphic and economic rates. 

(a} Residential SectQr. 

(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 co~ts and annualized initial 
costsi sale~ expense, percentage of single­
family dwellings, urban vs. rural (these may 
be varied by the user) 

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

(4) Appliance efficiency trends and efficiency 
goals · 

.(5) Appliance usage trends 

(6) Hourly and daily patterns of appli~nce usage 

(7) Electricity price elasticities by appliance 

(8) Trends in electricity, natural gas, and 
fossil 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 NRPOOL model. 
There was, ho~ever, also development of primary source data 
and analysis for both the residential and commercial sectors. 
These are listed below: 

(a) Residential Sector 

(1) Appliance saturation rates as a function of 
income and housing type by state were esti­
mated using census public use samples and , 
state inc6me and housing data 

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

(3) Electric space heating and air conditioning 
use matrices were derived from hourly demand 
data in electric homes i.u Massachusetts and 
Connecticut 

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

(b) 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 estab1ishment, 
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 beating system, 
percent of floor space air conditioned, 
and type of A/C system. 

(b) Behavioral: Electric energy conservation 
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 
billing 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 ~reas contained the majority of 
employment and residences of their population. To date the 
model is primarily applied at the state levels. The model 
itself is continually upgraded and updated and is run fre-
quently fo~ NEPOOL member needs. · 

9. Computer Accessibility and Requirements 

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-sharing system at 
Battelle Columbus Laboratory. · 

.The model was developed by Battelle for NEPObt, 
·has been turned over to NEPOOL, and. is currently beirig modi­
fied and updated by NEPOOL staff. Questions concerning the 
model or its data bases can be directed to James R. Smith, 
Director, New England Power Planning, (413). 785-5871. 

· b ,: . · Accessibility. . . The model and data bases are ·not 
presently accessible t9 anyone but members of NEPOOL. .The 
proprietary requirements placed on its use have limited the 
publiG experience -with this tool, but·:-NEPOOL staff are sup­
portive of outside or cooperative analysis within the con­
straints of the proprietar~ strictures. 
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c. Transferabilit!. The model and/or data bases are 
not. presently availableor 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 th~ 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 1 

System." 
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D. Micro Analysis of Transfers to Household/Comprehensive 
Human Resources Data System (MATH/CHRDS) 

l. Purpose· 

.The MATH/CHRDS model was d~veloped to provide simulated 
data for distributional analysis 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 efficiency 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 Households (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 energi use, and on demographic, economic, and 
energy-related cha~acteristics of individual households. 
These demographic, ·economic, and energy-related vatiabl~s 
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, arid 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-heating fuels, number of rooms, type of structure, 
household size, appliance ownership, family income, price of 
fuel, and urban/rural location ·Of the household. 
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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 statistical 
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. 

Similarly, .change~ i~ 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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Housing Survey, Census Bureau Surveys of new construction 
and trends in home-heating fuel conversions. These changes 
are made for randomly selected households in the sample . 
. Similar changes can be made for fuel efficiencies and.insu-
lation. · 

e. Appliance Ownership. Ownership rates. are by 
·income.class for ~ix major appliances. These r~tes are 
exogenously specified tand 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, socioeGonomic, 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 
funct~on of cooling fu~l, 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 f6r each of the five fuels, however, can 
be further specified by income. group, location, and other· 
demographic variables. · 

h. The analytical techniques of the simulation model. 
These include: 

(1) Introduction of stochastic factors to rep­
resent the·random changes in individual 

.behavior 

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

(3). Econometr~6ally estimated procedures for 
imputing home fuel expenditure 

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

i. U dated 1975 MATH CHRDS Data Base. The 1975 
update was.un erta en in part to ass1.st evelopment of a 
1975 End Use Consumption Data Base (ECDB) discussed in 
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anoth~r ~haptet 6f this tep~rt. Although the resulting ECDB 
was primarily_an aggregation from the MATH/CHRDS file, i~ 
also r•equi'red· USage and expenditure by fuel' and functional I 

end uses- that~necessitated augmenting of the original Data 
Base. 

The 1975 MATH/CHRDS is essentially the demographi­
cally and economically aged 1974 Data Bas~ 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 Studie~ Lifestyles and 
Energy Survey. These included: 

(1-) ·Air conditioning · 

(2) Insulation .. 
(3) Storm windows 

! . 

(4) Storm doors 

( 5.) · Black and white vs. color television. 

l975·usage and expenditure were then .inputed for 
each fuel using 1975 gas prices, weather data, and distribu­
tional demographic and income information. 'The resulting 
data base w-as then' calibrated against industry control data. 

The·l915 Data Base' is in current use for EIA micro 
distributional projections and analysis from MATH/CHRDS 
(e.g., for the '1978 and.l979 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. Policy ·Variables· 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 r~sults 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 tindertaken. 

With this caveat, the major conservation policy vari­
ables and parameters.which can be applied to MATH/CHRDS 
simulation include the following: 

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

(b) Changes in energy efficiencies of 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 
ate identified by housing structure. 

(c) Probabilities of increased sprtce heating fuel 
efficiencies due to increased use of-insulation by 
type .. 

(d) Aggregate probability distributions of housing 
structures, home and w~ter heating e~uipment, 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 distributions. 

(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 t.he 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~ Sectoral, and Fuels Detail 

The ·CHRDS data files disaggregate household residential 
data into categories which include: 

(a) Region and location 

(b) 

(c) 

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

( 2) DOE .region 

( 3) lTrb;m,lrural 

(4) SMSA/non~SMSA 

Demographic-socioeconomic characteristics of each 
household member: 

(1) Age 

(2) Race 

(3) Sex 

(4) Income by 14·income sources · 

(5) Employment status 

(6) Market status 

Housing characteristics 

·(1) Housing type by: 

(i) 1-family detached 

(ii) 1-family att~ched 

(iii) 2-family building 

(iv) 3-4 f~mily building 

(v) 5-9 family building 

(vi) 10-19 family building 

(vii) 20-49 family building 

(viii) SO+ family building 
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(ix) mobile home 

·(2) Number of rooms 

(3) Number of stories 

(~) Year·built 

(5) Type of heating equipment 

(6) Home heating fuel 

. (7) Water heating fuel 

(8) cooling fuel 

(9) Tenure (rent/own) 

(10) Insulation 

(11) Storm windows 

(12) Storm doors 

(13) Appliances 

(i) washing machine 

(ii) · clothes dryer 

(iii) dishwasher. 

(iv) food freezer 

(vii) televisions 

. (viii) air conditioners 
·.• 

(d) E~penditure data on five types of home fuels: 

(l) Electricity · 

(2) Piped natural gas 

(3) Bottled or LP ga~ 

(4) Fu.el oil 

(5) Coal (though present data.are inadequate). 
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Fuels ·expenditures are determined for each data file house­
hold, ~nd these results are aggregated to represent the 
distributional effects among different demographic and 
socioeconomic groups of·households. 

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

5. 
' . 

The·output of the MATH/CHRDS model prQvides 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 
variables, , these changes for each simulation year in'clude: * 

"' ..... 
.. tJ •.1 (a) Demographic - Population characteristics 1 are: .1 ' 

altered to match control totals and to reflect 
'·· changing demographic structure. 

, '·I f 

(b} .. Economic -Work experience variables and·l4 basic 
. types of income are adjus.ted to reflect ·changed 

·o~ conditions . 

. (c). · Ho.using. Stock Adjustment - Age distribution of 
hous:ing stock, type of space heating, and water 
heating fuel are modified. 

(d) 
I I 

(e) 

Appliance Owne:rship. - Owne.rship· of appliances for 
.each household is ~odified. 

Enerfy Expenditures - Annual household expenditures 
on e ectricity, natural gas, bottled gas, fuel: 
oil, and coal are "updated." 

.(f)· Elasticitb Adjustment - Elasticity adjustments are 
made for orne 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 Distri­
buti.on Anal.ys.is · o£ .-t.he 198.5 Energy Projections; .for. the. Annual 
Report to Congress of. the ~nergy Information AdminLstration," 
Anal.gsis 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 Requirements 

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 
demographic 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) 

(b) 

(c) 

(d) 

(e) 

(f) 

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

Unemploament rate adjustment - Projected unemploy­
ment an labor force from appropriate Data Re­
sources·, Inc., (DRI) forecast. 

Income adju·stment - Income growth rates by source 
of income over simulation period, from DRI. 

Tax Payments - Projected tax tables and payroll 
tax parameters for simulation years. 

Transfer Profram Income - Eligibility standards 
·and benefit evels by state and by program. 

. . 

Housing Stock Adjustments - DRI forecast~ 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 Imp~c~ of Energy Policies: 
Development and .App.lic·at·io·n of ·tHe p·ha·s·e· T Comp·r·ehe·nsLve 
Human Resource D~ta Sys~~m. Mathematica Policy Research, 
Inc., June 1977. 
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(g) Appliance Ownership - Data computed by user. 

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

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

Additional inputs are nec.essary for the transportation 
submodel. 

7. Sources of Data 

'The 5 percent State Public Use Sample of the 1970 
Census on Population and Hriusirig provides the special aub­
sample of over 150,000 households for the basic MATH/CHRDS 
data file. This is augmented with energy data estimates 
from the l/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, climat.e, 
housing characteristics, and energy prices. Data for fuel 
prices and sales by state are taken from the Anierican Gas 
Association, the Edison. Electric Institute, and the Bureau 
of Mines. The 1976 Survey of Income and Education provides 
updated data on employment and income for households in the 
data file. 

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 
disaggregated by distribution of income, location, 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 expenditure system to · 
account for indirect effects of energy price changes on 
other goods and services. 

· · 9. · Computer Requirements 

· a. General Descri~tion. ·The MATH/CHRDS syst.em is 
running on EIA's I~M 30- 3 in the Forrestal Building 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 tap~. 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 o~ 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/CHRDS system 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 analysis (contact Ms. Jill 
King (202) 933-9510). · · 

The second method of accessing the sy~tem 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 th~ 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 Ike 
Digman at (202) 252-8959. 
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c. Transferability. A copy of the latest version of 
the MATH/CHRDS system can.be obtained by contacting Jerry 
Peabody or Eugerie Reiser. Again, because it is a very large 
system it would require a considerable investment in person­
nel resourc~s to learn to transfer and operate it, 

The sys·tem is wri tt·en in Fortran IV and, even 
though overiays 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 disa:·ggregating information. 
The potential is there for new assumptions for conservation­
·type change-s, but additional programming is often needed. . 
Progranuning changes can be made in the system under contract. 

e. Documentation. Theoretical model design and 
implementation are <:!-ddressed 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 s·taff 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. P~rpose· 

The National Interim Energy Consumption Surv·ey (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 or 1978-1979. 
NIECS has three primary purposes: 

(a) 

(b) 

(c) 

(d) 

Provide current information on energy consumption 
in households, intluding rental households · 

Test th~ procedures and ~ethodology for a large~ 
·(more sample points) Residential Energy Consumption 
Survey (RECS) to be conducted during 1980 arid 
periodically thereafter 

Provide current information on household automobile 
fuel consumption. 

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

In addition; a qtiick-response survey of NIECS respondents 
·who use fuel oil.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. Struciure and Level of Detail 
. . .· . . . . . 

NIECS consists of three surveys. A fou~th was designed 
and conducted separately using the NIECS survey sample. It 
is consl.dered 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 cont~guous 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 designed 
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 iime··6f this writing (June 1980), information is 
·available only from the basic and the fuel oil surveys. For 
the fuel oil .survey, ·tabular data. in fuel oil inventories 
and expenditures have been published. For the basic survey, 
both preliminary and final'compilations have been published 
summarizing the characteristics of housing stocks and 
households and energy conservation practices arid 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 .·tesul ts for energy conservation 
planning are only beginning. · 

The information 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 t."o 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. · 

The characteristics of the data summarized in the 
following sections are for the basic and the fuel oil surveys 
only. The information that will become available from the 
other two surveys is described briefly in Subsection c 
below. 

' 
· a. Basic NIECS Surve~. Data are colle~ted in the 

basic survey from a househo d questionnaire and from monthly 
fuel billings requested fro~ 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 pr6vided from fuel supplier records. Dat.a collected 
include: 

(1) Hotising stock ~haracteristics 

(a) Regional 

(i) Northeast 

(ii) North Central 

(iii) South 
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(iv) West 

(v) Urban 

(vi) Rural 

(b) Ownership/r.eri.tal 

(c) Utilities paid 

(d) Type of housing structure 

(i) Single-family detached 

(ii) Single-family attached 

(iii) Building with 2 to 4 units 

(iv) Building with 5 or more units 

(v) Mobile home 

(e) Year house built 

(f) Size of residence (square feet) 

(i) Less than 500 

(ii) 500 to 999 

(iii} 1,000 to 1,499 

(iv) 1,500 to 1,999 

<v> 2,ooo to 2,999 

(vi) 3;000 or mor~ 

(g) Number of floors 

(i) One 

(ii) One and one-half 

(iii) Two 

(iv) Two and one-ha1f 

· (v) Three orjmore 
i 
~·; 
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(h) Number of rooms 

(i) Number of windows.per room 

· (j) Insulation 

(i) Inches of attic insulation 

(ii) Presenc~ of wall insulation 

"(k) Major conservation measures undertaken 
1977 to 1978 

(i) Window.shading 

(ii) Weatherstripping 

(iii) Attic insulation 

(iv) Wall insulation 

(v) Crawl space\ insulation 

(vi) Thermostat controls 

(vii) Wrap hot water pipes 

(viii) Hot water heater wrap 

(ix)· Heat pump purchase 

(x) New hot water heater 

(xi) Furnace charge 

(xii') Caulking 

(l) Air conditioning 

(i) Central air conditioning only 

(ii)· .Individual room units only 

(iii) Central air conditioning and room 
units 

(iv) No air conditioning 

(m) Number of rooms air conditioned 
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(n) Value of residence 

(i) Less than $20,000 

(ii) $20,000 to $39,000 

(iii) 

(iv) 

(v) 

(vi) 

$40,000 to $59,000 

$60,000 to $79,000 

$80,000 to $99,000 

$100,000 or more· 

(o) Monthly rent 

(i) Less than $149 

(ii) $150 to $299 

(iii) $300 or more 

(2) Appliance stock characteristics 

(a) Number of refrigerators 

(b) Refrigerator features 

(c) Separate food freezer 

(d) Number of electric ovens 

·(e) Number of gas ovens 

(f) Oven features 

(i) Electric oven 

Self cleaning 

Continuous cleaning 

(ii) Gas oven 

Self cleaning 

Continuous cleaning 

(.g) Mic·rowave oven 
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(h) Range or countertop burners: gas, 
electric · 

(i) Cooking fuel used most 

(i) Electricity· 

(ii) Natural gas 

(iii) LPG 

(iv) Other 

(j) Wa!:;hiug machiue 
• t J. ''I 

(i) Automatic 

(ii.) Wringer 
: ( ' I l 

(k) Clothes dryer 

(i) Electric 

. ( ii) Gas . 

(l) Dishwasher 

(3). 1Ieati11g .fuel cha.ra.ctcriatico 

(a) Primary heating equipment 

(i) Warm air furnace ~ith ducts 

(ii) Electric heat pump 

(iii) Steam or hol waler ·~ystem 

I' 

(iv) Hot water pipes (radiant .heat) 

· (v) Floor, wall, or pipeless furnace· 
. ·' 

(vi) Built-in electric units 

· (vii) Room heaters with flue 

(viii) Room heaters without flue 

(ix) Firepl~ce or stove 

(x) Portable space heaters 

(xi) Other. 
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(b) Primary heating fuel 

(i) 

(ii) 

(iii) 

(iv) 

(v) 

(vi) 

Natural gas 

Fuel oil, kerosene 

Electricity 

Liquid petroleum gas 

Wood 

Other 

(c) Fuel for secondary heating equipment 

(i) Wood 

(ii) 

(iii) 

(iv) 

(v) 

(vi) 

Electricity 

Natural gas 

Fuel oil, kerosene 

Liquid petroleum gas 

Other 

(d) Water heating fuel 

(i) 

(ii). 

(iii) 

(iv) 

(v) 

Natural gas 

Electricity 

Fuel oil, kerosene 

Liquid petroleum gas 

Other 

(e) Most used cooking fuel 

(i) Natural gas. 

(ii) Electricity 

(,iii) Liquid petroleum gas 
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(4) 

(£) .Heating and cooling degree days 

(i) < 2000 CDD and >7000 HDD 

(ii) < 2000 CDD and 5500-7000 HDD 

(iii) < 2000 CDD and 4000-5499 HDD 

(iV) < 2000 CDD and <4000 HDD 

(v) >2000 CDD and< 4000 HDD 

Socioeconomic characteristics 

(a) . NUIIiber ot household members 

(b) Number of full-time wage earners 

(r.) Full-time employment 

(i) R~spondent married 

Only respondent. employe·d full­
time 

Only spouse employed full­
time 

Both employed full-time 

Neither employed full-time 

(ii) Respondent not m~rri~n 

Respondent employed full­
r.ime 

Respondent not employed full­
time 

(5) Fuel supplier data for each household 

(a) . Total amounts of fuel used 

(i) Electricity 

(ii ). Gas 

(iii) Fuel oil 
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(b) Total price paid 

'(i) Electri·ci ty 

(ii) Gas 

. (iii) Fuel oil. 

b. NIECS Fuel Oil Survey. The quick~response fuel 
oil· .survey contains data for single- family housing units on 
fuel consumption, changes to the heating·systeni, 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 consumption and price . I 
I 

(a) Heating period 

(i) September 1978 through March 1979 

(ii) September 1979 through March 1980 

(iii) April 1978 through August 

(iv) April 1979 through August 

(b) Average gallons delivered 

(c) Total gallons delivered 

(d) Average expenditures 

(e) Household income 

(i) Under $15,000 

(f) 

( ii )· $15,000 and 

Average price 

(i) 

(ii) 

(iii) 

1978 

.1979 

Month 

. April 
May 
June 
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(g) Heating degree days 

Changes to the 

(a) Plans for 

( i) Will 

. ( ii) Have 
from 

heating system 

winter of 1979-1980 

continue to use fuel 

converted or.plan to 
fuel oil to: 

Utility gas 
Wood 
Other 

oil 

convert· 

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

(c) 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 

(vi) Home heating. system zoned 

(vii) Automatic flue door added· 

(3) Status of fuel inventories 

(a) Proportion of tank filled 

(b) Date 

(i) August 1978 

(ii) August 1979 

: (c) Storage 
only) 

tank capa.city (August 1979 
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(4) Energy conservation changes 

(a) . Period 

(i) January 1978 to.November 1978 

(ii) December 1978 to August 1979 

(b) Type of change 

(i) Weatherstripping and/or caulking 

(ii) Types of insulation 

Roof or attic 

Outside walls 

Hot water pipes or heating 
ducts 

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. Add.itional Survey. Comtonents. Two additional 
surveys were conducted using su sets 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 
purchase$ 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). 
These PSU~ 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 ~ere th~ 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 
sel€ctPrl from the 103 PSUs. An addillunal 56 SSUs were 
selected independently. These 5b SSUs comprised a pruL­
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 
t:luster 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 
sampl~ of 10 or 11 households was selected to be visited. 
The resulting national sample contained 4,507 household 
units. 

Of these 4,507 hous~hold 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 en·ergy 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. 
Thi·s 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 transportation panel will be available during the 
last half of 1980. Data from the fuel oil user~ quick­
response survey are available in printed form. 

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

5. Computer Req~irements 

The "bas:ic" survey res:ults on computer. tape were re~ 
leased in late.May 1980 and are.available from EIA as the 
"Preliminary Compilation of th~ National I:nterim Energy 
Consumption Survey Data File." These ar.e 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 Office of Consumption 
Data Systems for further. information. · 

6. Comparison of the NIECS Data With· Other Survey Data 

· 'The National Interim Energy Consumption 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 ~orne areas of data collected for energy consumption · 
analysis and forecasting. .A comparis.on to three other 
surveys of s'imilar 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 Advantages 

Provides energy price and consumption 
data for all fuels per household 
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AHS Advantages 

Offers larger sample size which 
permits state and SMSA disaggre­
gation· 
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TABLE E-1. (CONTINUED) 

Annual Hous·ing Survey, U.S. Census. Bureau (Continued) 

NIECS Advantages 

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 
Wa!;;h~L'!;; 

. ,• 

AHS Advantages _ 

Offers continuing annual survey 
permitting time series analysis 
[(though NIECS will be followed 
by the annual Residential.Energy 
Consumption Survey (RECS)] 

Gives more detailed financial, 
demographic, and locational data 

Patterns of Energy Use by Electric Appliances 
by Midwest Research Institute 

NIECS Advantages 

Provides.more recent data 
(1979 vs. 1976) 

Gives fully national sampling 
without rural and renters gaps 

Lqrger sampl~ size 

Greater disaggregation of'housing 
types, conservation measures, and 
cons·ervation responses 

Gives more detailed demographic data 

Collects monthly consumption data on 
all fu~ls 

Collects data·on renters character­
istics and usage 

Estimates age of housing 

Gives rental and homeowner dflta 

Expects to provide· annual data series 
through RECS 
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MRI Advantages 

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

Notes whether house has gas 
availabl~ 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) 

, Lifestyles and Household Energy Use, 1972-1975 
by Washington Center for Metropolitan Studies 

NIECS Advantages 

Provides more recent 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 sample s·ize 

Gives·energy consumption by all 
fttel~, (WCMS h-as fuel oil by home­
owner response) plus gas and 
electric suppliers data 

Expec.ts to provide annual data 
· series through RECS 

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 chang~ng 

7. Possible Changes in NIECS for the Future National 
·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 (REGS) that is pat­
terned after NIEGS .. Examples of ·this can be found in the 
advantages identified in the othet surveys listed in the 
previous section. A more systematic list and justifications 
for changes ii) the NIECS/RECS survey instrument are given 
in a recent EIA draft report "A Review of Residential Sector 
Energy Consumption Information Requirements," 01cGrady 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 
NIEGS is suggested. A summary of these findings is listed 
below. A detailed discussion is found in the EIA report. 

In generai,· major areas identified where data are 
needed for residential energy consumption analysis include: 
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(a) Thermal characteristics of housing units {especially 
~i~~, insulation, and air tighteners) 

(b) Characteristics of household appliances (especially 
y~ar of manufacture, capacity~ and efficiency) 

{c) Appliance purchase behavior by consumers (especially 
regarding price versus efficiency trade•offs) 

(d) Fuel costs and availability by households 

(e) Weather 

(f) Household characteristics 

(g) Appliance u·tilization. 

The data collected in NIECS and in the future R:ECS, 
sh6u1d satisfy many of these requirements, except that of 
ap:pliance purchase behavior. The study, however, identifies 
·sever ail. critical i terns which, if add·ed to the NIECS/RECS 
to·rmat, would enhance the usefuln/ess of the collected data. · 

a. Housiny Thermal. Major additions to better 'estimate 
the thermal ~nve ope include: 

(l) Type and amount ·of insulation in walls and 
floor~ 

(2) Type of foundation 

(3) Materials of exterior walls 

(4) Existence of unfinished attic 

(5) Nwn:bci· of window:::i by cize and type of frame 

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

ABpliance Stock. Items that might be add~d in-

(l) Television 

(2) Humidifiers 

(3) Dehumidifiers 

(4) Swimming pool equipment 
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(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. Fuel Choice. 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 
utilization·could be added including: 

, .- ·.~ (·1) Thermostat settings 

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

.(3) -Household activity hours. 

· There· is little question 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 housing 
physical and thermal characteristics and to the resident's 
behavior .. 

8·. -Bibliography 

Patterns of Energy Use by Electric Appliances, EPRI EA-682. 
Prepared by Midwest Researclj Institute, January 1979. ·· 

U.S .. Department of Commerce·, Bureau of the Census. Annual 
Housing Survey, 1975, Current Housing Reports 150-75 (A+E), 
United States· and Regions, U.S. Government Printing Office, 
1977. (Note: These reports are available from 1973 to· 
1977). ·-

E-17 Residential 



U.S. Department of Energy, Energy Information Administration. 
"Residential Energy Consumption Survey: Characteristics of 
the Housing Stock and Households 1978," DOE/EIA-6207/2. 
February 1980. 

This is the most current p1.;1blished summary of NIECS. 
It describes the sample method and provides survey data 
for all data categories. 

U.S. Department of Energy·, Energy information Administration. 
"Characteristics of the Housing Stock and Households: 
Preliminary Findings from the National Interim Energy Con­

. sumption Survey," DOE/EIA-0199/P. October 1, 1979. 

This provide~ percentage data from the preliminary 
survey data. 

U.S. Department of Ene:r::-gy, Energy Information Admi.ni str;,~tion. 
i'Single-Family Households: Fuel Oil Inventories and Expendi­
tures," National Interim Energy Consumption Survey, DOE/EIA-
0207/1, Order No. 306. December 1979. 

This document provides data on average fuel oil usage 
and expenditures by NIECS households as determined by a 
quick-response survey in August and September 1979. 

U.S. Department of Energy, Energy Information Administration. 
"Residential Energy Consumption Survey: Conservation," 
DOE/EIA~0207/3. February 1980. 

This presents survey·results on household conservation 
practices and responses during the period of the 1978 
eriergy tax credit. 

Washington Center for Metropolitan Studies. Lifestyles and 
Household Eriergy Use·, 1973 and 1975 National Surveys (Tape), 
September 1977. 

E-18 Residential • 



F. Energy Consumption Data 
Base: Household $ector 



F. Energy Consumption Data Base: 
Household Sector 

l. Purpose 

The Energy Consumption Data Base (ECDB) was developed . 
by EIA to provide historical estimates of energy consumption 
and expendittire 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 l967i 1971, and 1974: The estimates 
have been deriv~d from many different sources and do not 
rely 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. 
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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 ritilities 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 u.nderreporting. 

More detailed descriptions of the methodology and data 
to create the ECDB :.:tre given in the ;:n"e·~~Y ~onsumption D~ta. 
Base, Volume III, Chapter 7 of the EEAl evelopment and 1.fl 
"Residential Energy Consumption by Functional. End Use in 
1975" for the Mathematica Policy Research, Inc., development. 

b. U'Qdale of Con~llmp.tion Data to 1.967, 1971, an_q .. )974. 
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 ~roportionately 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. UEdate to 1975 Data. A variety of new data sources 
were avail a le for the 197s··:·ECDB. These include the 197 5 
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/CliRDS 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 
subsequ~nt or future ~~ars by varying household specific 
characteristics to conform with aggregate data or projections 
of those da:ta. 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 ~as 
·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 typ~, 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 
(c) 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) 
(b) 
(~) 

. .(d) 
(e) 
(f) 
(g) 

Coal 
Kerosene 
Distillate oil 
LPG 
Natural gas 
Electricity 
Other 

(3) Functional use 

(a) Space heating 
(b) Space cooling 
(c) Water heating 
(d) Co<;>ling 
(e) Lighting 
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(f) Clothes drying 
(g) Refrigeration 
(h) Othe.r appliances 

. 
(4) Type of· structure. 

(.a) 
(b) 

. __ , (c) 
(d) 

.. (e) 

. Mobile home 
Single.,. family det'ached . 

.Single-family attached 
Multifamily _att.ached 
Multifami~y detached . 

(5) Incom.e of household (for 1974) 

\1•• 

'·· 
,. 

. . 
{a) 
(b) 

. (c) 
(d) 

. (e) 
(f), 

.'t..... • 
Less lhq.H .$3 ,_000 
$3-~.000- $5 '999 
$6·,_000-$9 '999 
s1o _, ooo~_$14 ~ 999 
$15 _, ooq--_$24 ,_999, 
More than $2~,000 . . 

p .: 

Energy consumption data from ECDB are availabl~ iri'physical 
uni:.ts, B.tu ,; . and .dollars .. 

. . 
3. ,Sources of Data 

. · : l n c: ! . . ~ . • . ' · ~ t r , · . · . · c • • • 

r .. : Th.e· bas.ic -househo1~ data fo~. the. demographi.c qousing·. 
stock,. income.,i .and. regional distribution .derive ~~om ;qe .5, . 
percent rPublic. Use Sample discussed earlier and adjusted for 
gaps in en~rgy data for re~ters by the 1/lOQO .Public Use 
Sample· and. more recently the .. Midwest Research Insti tqte 
study of gang-metered electricity in apartments. 

. . 
The end use breakdown for appliances for the 1967, 

lY/1, and 1974 dala was accomplished using th~ 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 1~75 Wa~hington .. Center for Metropolitan Studies Energy 
Survey (WCMS) for character.istics of the housing units, 
stock of appliances, and ~xact 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 dqors, and television use. 

F-4 Residential 



I 

I 

TABLE F-1. VARIABLES AND SOURCES FOR END USE BREAKDOWNS 

Information 

Usage 

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

2. Perceritase of huut~eholds. using 
fuel for space heating, cook­
ing, and water heating. 

3. Percent·ge of households us~ng 
fuel fo7 nir conditioning. 

Average Consumption 

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

5. Average amount of energy con- . 
sumed in space heating and 
air conditioning. 

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

i. Average amount of energy con­
sumed by: refriger·ator, stove~ 

Variables 

Varies by income class ~ 
six breakdowns. 

Varies.by state. 

Varies by region and 
income. 

Same for all households. 

Varies ·by region and 
housing type. 

Varies by housing fYpe. 

Varies by two breakdowns 
.of housing types: apart­
ments ·and mobile homes 
vs. single-family 
housing. 

Sources 

1970 Census Popula­
tion Report. 

·1970 Census 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. 

Edisori Electric In­
.stitute, American Gas 
Association, and 
engineering standards. 

Source: Energy and Environmental Analysis, 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 thP. Forrestal Building in Washington, DC. The advan­
tage of the random ac~Pss version is that it operates under 
rhe ADABAS tlata base manngement systPm, 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 docwuen.tation 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 POE 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 Development 
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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r 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 

l. Purpose 

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 conservation policies 
such as appliante efficiency standards and labeling 
requirements, and changing buildin~ practices 

(b) Electri~ utiliti~s irt 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 t:t:!nsus 
division) .. The following characteristics were collected for 
each household in this nationwide probability sample: 

(a) Type of residential area (urban or suburban) 

(b) Type of residence (single or multifamily) 

(c) Number of occupants per household 

(d) Relationship of occupants 

(e) Age of head of household 

(f) Gross family income 

· (g) Employment status 

(h) Method of heating home 

. (i) Availability of gas 
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( j) 
~ 

Physical characteristics of house (size, areas 

(k) 

(l) 

(m) 

insulated) 

Type of major and minor appliances owned 

Monthly household electrical energy usage (kWh) 
(for April 1976 to July 1977) 

Monthly electricity bill (dollars). 

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

Major h~ating fuel (a) 

(b) 

(c) 

(d) 

(e) 

Major and secondary heating systems 

Cooking fuel 
,, 

Cloth~i drying fuel (if-appropriate) 

Whether additional insulation had been added to 
the home recently, quanti~y 'i:md location 

(f) Water-heating fuel. 

Monthly electrical energy ~sage by appliance was mea~ured 
by individually metering the _maj~r appliances in 150 homes 
(a probability' sample select~d 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 
~appliances=~eter~d w~re: · 

(a) Refrigerator and refrigerator/freezer 

(b) Freezer 

·(c) Electric range (free-standing) 

(d) Electric cooktop (built-in) 

(e). .. ·E'l~·C tric ' o~'en" (built.- in L .·. ''' 

. (f}. Elec.tr:i.c wa,ter heater 
. r . , - ., ' 

(.g)· · Dishwasher 

(h) Clothes washer 

(i) Electric clothes drye~ 
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~ ( j) Room air conditioner. 

(k) Central air conditioner 

(l) Central electric furnace 

(m) Swimming pool pump. 

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

(a) Quantity of gas consumed monthly 

(b) Monthly gis 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 urbati and suburban areas) was stratified twice - first by 
region (i.e., Northeast, South, North Central, West) and 
then by size of city (population greater than 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 populatiori did not inc~ude 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 w~re 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 LOCATTONSi.-

s· a/ 
Sample 

Region 1Ze- City Size ---
We~t J .. ,~.l;ge· n~uv~r, Culurado 120 

San Diego, California 150 

Not Tucson, Arizona 60 
Large Spokane, Washington 50 

South Lq:rgc Hiami, Florida 105 
N~w Orleans, Louisiana • ~.) 

NuL Lubbuck, Texas :l.:.W 
Large · Owensporo ~ I<entucky q.') 

North Large Minneapolis, Minnesota 135 
Central St. Louis, Missouri 175 

Not Des Moines, Iowa 145 
Large Topeka, Kansas 80 

Northeast Large Boston, Massachusetts 135 
· Philadelphia, Pennsylvania 240 

I 
Not Trenton, New Jersey 130 
Large Portland, Maine 60 

Total Households 1,985 

a/ f · · · h 1 · 1 · · f h - Large re ers to c1t1es w1t a metropo 1tan area popu at1on o more t an 
1,000,000 and. Not Large refers to those cities with less than 1,000,000. 

*Midwest R~search Institute: Patterns of Energy 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 Ener Use b Electrical A liances. This also 
gives a goo documentation or 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 St~ve Braithwait or Charlene Boyce at EPRI. 
They will copy and return the tape at no charge. The tape 
is written in EBCDIC. 

6. Applications arid 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 
sur-vey provides a considerable advance in information ayail­
able to analyze the appliance stock and its u~~ both on the 

. aggregate level and on the level of individual household 
decision making. 

a. Macro Analysis.. The MRI data set was d~veloped 
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 st9ck. These 
variables were previously listed in Section G.2. They 
include: gas and electric rate structures and fu~l 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 updat~ and 
provide additional disag~regation 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 prices in the national sample, it is 
possible to estimate price and income elasticity of.energy 
demand by individual major appliances. Some of these e~ti­
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 
costs, and other economic and demographic variables. These 
studies are the Jerry Hausman analysis of room air con-· 
ditioners~ Individual .Discount Rates and the Purchase and 
Utilization of Energy-Us~gg Durables, and the Charles River 
Associ a t:es Analysis of Hou~ .. ~-h~J~----~ppliance 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 le"els. 
One result of this work suggests that the individual discount­
ing of future energy savings is higher for those in low~r 
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 
this analysis, though there are shortcom~ngs discussed 
below. 
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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 information on age of .building is available 
to better understand decisions to purchase, 
replac~, and upgrade appliances. 

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

(4) The survey included 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 h6mes. Though this provided valuable 
information, sample sizes for individual 
appliance types become rather small for some 
statistical analysis with nationwide validity. 
For example, the Hausmann analysis of room air 
conditioners was limited ~o 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 
of these on energy demand and response to energy conservation 
measures. 
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H. Annual Housing Survey 

1. Purpose 

The AnrlUal 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 Auuual 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 
hP.hr:mi or. 

2. Structure and Level of Detail 

The Annual Housing Survey is actually two inrlependent 
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. In 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 ~he tentral city and n6t 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, Anpua1 Housing Survey: 1976. 
Curre~t Housing Reports H. 170-76-42, &.s. Government 
Printing Office, 1978. 
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(2) Number of units in the structure 

(a) i; detached 

(b) 1' attached 

(c) 1 t.o 4 

(d) 5 . or more 

(e) Mobile home 

(3) Vea-r. built (distribution o£ hcn.ising units by 
five-year interV·als) 

(4) Numb~r of ~oo~s 

(5) Type of heating equipment 

(a) Warm air furnace 

(b) .Heat pump 

(c) Steam or hot water radiator 

(d) Built·in electric 

(e) Pipeiess furnace 

.. (f) Room heat~r 

(g) Fireplade ot stove 

(6) House heating fuel and cooking fuel 

(a) Utility gas 

(b) tP gas 

(c) E:lectricity 

(d) Fuel oil or kerosen~ 

(~) coal o:t coke 

(f). Wood 

(7) Storm Windows 

(a). All windows covered 
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(b) Some windows covered 

(c) No windows covered 

(8) Storm doors 

(a) All doors 

(b) Some doors 

(c) No doors 

(9) Attic or roof insulation 

(a) Yes 

(b) No 

(c) Don't know 

(10) Air conditioned 

(a) Room units 

(b) Central 

(.-.:) None 

(11) Principal.means of transportation to work 

(12) Distance from home to work 

(.13) Financial information 

(a) Income 

(b) Mortgage 

(c) Payment 

. (d) Rent 

(e) House value 

(14) Household characteristics 

(a) Number of members in household 

(b) Relationship to household·head 
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.(c) Marital status 

(d) .Race. 

.{e), Education of household head. 

b. Nationwide· Survey·. The Nationwide Survey (Series 
H-150) provides distributions over the same characteristics 
~s the· SMSA s:urvey. These data are disaggregated geographi­
cally by, Census Div~sions (Northeast, North Central, South, 
West). Within each Census Division, .characteristics are 
given for inside SMSAs in central cjties, in SMSA- not in 
central city, and outside SMSAs. The distributions are also 
sepa.ra.tely reported for mol>lle homes and for new construction 
(since 1970). · . · 

. ~ . " 

· c. . Survel of Purchase and Ownership. In 197 3 . and 
1974, the Annua 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 e~ample, it would be possible to estimate appliance 
ownership by· income class.· Survey of Purchase and Ownership 
was discontinued after 1974.· · 

3. Source·of Dataor.Sampling Method 

Both the SMSA Survey and the Nationwide Survey are 
based on p.robabili ty ·samples, and information is obtained by 
direct personal interviews with occupants, or) in the case 
of vacant units, with rental.agents or knowledgeable neigh­
bors. 

a. SMSA Survey. For the SMSA Survey, the 60 SMSAs 
covered are divided into three groups. The SMSAs in one 
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 dr~wn, half within the· central city, half outside 
the central city. For the other SMSAs in each group,·a 
sa~ple of 5,000 housing .units was selected; the sample was 
divided in direct proportion to the number of housing 1,1nits 
in the central city·vs. number outside the central city. 
The samples for each SMSA were·selected from housing units 
enumerated iri the.l970 Census, plus newly constructed units 
identified through building permits. 

b. Nationwide Survey. The·Nationwide Survey·is con­
ducted every year in the fall (interviews are distributed 
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TABLE H-1. SMSAs SAMPLED IN THE 

ANNUAL HOUSING SURVEY 

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. 
Sagi.nr.~w, Mich. 
Salt Lake City, Utah 
Spokane, Wash. 
Tacoma, Wash. 
Washington, D.C.-
Md~-va.* 

Wichita, Kans. 

GROUP B 

Atlanta, Ga.* 
Chicago, Ill.* 
Cincinnati, Ohio­
Ky.-Ind. 
Colorado Springs, 

Colo. 
Columbus, Ohio 
Hartford, Conn. 
Kansas City, Mo.-

Kans. 
Mianii, Fla. 
Milwaukee, .Wis. 
New Orleans, La. 
Newport News-

Hampton, Va. 
Patterson-Clifton­
Passaic, N.J. 

Philadelphia, Pa.-
. N • J. * 

Portland, Ore.-Waslt. 
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. 
Sacramen~o, 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. 
C~rrent Housing Reports .H 170-76-42, U.S. Government Printing 
Office, 1978. 
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over three months). The survey is performed by mean§_of. 
multi~stage probability sampling with appro~imately 75,000 
housing units eligible for interView. In the fif§t ~t~gei 
approximately 900 counties and independent cities are chosen 
as primary sampling units. 

The coeffi~ient of variation (a meas~re 6f sampiirig 
error) for the Annual Housing Survey 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 Pata 

The Annual Housing Survey is availabie in publishe·d 
form and on computer tapes. Non~published data are also 
available from the Census Bureau at the ~ost of reproduction. 
The SMSA Survey is published As a separate volume for each 
SMSA. These are designated Current Housing Reports ~ Series 
H-170. The Nationwide Survey is desigfi~ted Current Housing 
Reports ~ Series H~150. These are available for 1973:t977i 
Results of the 1978 survey ~ill be available in the fall of 
1980. 

5. Computer Requirements 

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

b. A~.f~ss.ibi1i ty. The Annual Housing Survey docu..;. 
mentation and tapes are available tor borrowi.ug ft·om the 
Bureau. of the Census Lihrary,. (301) 763-5042.· 

c. Transferability. A copy of the tap·es ~:an be 
ordered by contactiJ1g the Bureau of the Census, Data User·s 
Services nivis:Lon, Customer Services· Brancfi.,, (301) 449'-"l600. 
The cost is· $80 .. 00 a reel. The· enti:r:e· data hase· requires 
two 1600 bpi tapes or four· ao~o· bpi tapes. lt is possibl!e to 
order less than the entire housing survey. Technic·al docu..;. 
men ta-t ion on the tapes . a:nd the "Annuah Housing' S1irvey" is 

· inc]mded free when the tapes ar-e orde.red~. The documentat1on 
can. be ordered. separately for $5. o·o •' 

5.: "data develo·pment" writeup d'escr£o-1ng the tapes and 
the ordering proceduy;e: can be obtained' free. from· the· SuB-­
scriber Services B':ra:nch-. 
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, 6. Bibliography. 

U.S. Department of Commerce, ~ureau of the Census. Annual 
Housirig Survey: 1976, Current Housing Reports H 170-76-(1-
60), Housing Characteristics for Selected Metropolitan 
Areas. U.S. Government Printing Office, 1978. 

These reports are available from 1973 to 1977 ·for each 
metropolitan area selected as indicated by the number 
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A-F of each year 1974-1977 are as follows: 

A General Housing Characteristics for the United 
States and Regions. 

B Indicators of Housing and Neighborhood Quality for 
the United States and Regions. 

C Financial Characteristics of the Housing Inventory 
for the United States and Regions. 

D Housing Characteristics of Recent Movers for the 
United States and Regions. 

E Urban and Rural Housing Characteristics for the 
United States and Regions. 

F Financial Characteristics by Indicators of Housing 
and Neighborhood Quality for the United States and 
Regions. 

U.S. Department of Commerce, Bureau of·the Census. "Selected 
Data from the 1973 and 1974 Surveys of Purchases and Owner-· 
ship." July 1976 (unpublished). 
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I. 

I; 1970 Census of Hotising 

1. Purpose· 

The Census of Housing is designed to provide information 
. on the. size and composition of the housing inventory, the 
characteristics of its occrip~nts; changes in the.housing 
inventory resulting from new .construction and from losses, 
the indicator of.housing and neighborhood quality, ~nd the 
characteristic~ of recent movers. 

2. Structure and Level of Det~il 

. The housing characteiistics data in the 1970 Censu~ are 
reported by state, by. SMSA (~ithin central city and outside 
central. city), and separately for urban and rural area's 
within each state .. The Censu~ Bureau recognized 247 SMSAs 
in the 1970 Census. · 

The following general housing characteristics are 
available for thelOO percent sample: 

(a) Number of housing units 

(b) Number· with one unit in structure 

(c) Number .w.ith two or more units in structure 

(d) Number that were owner occupied 

(e) Number. of mobile homes 

(f) Number· of rooms. 

The d~t~iled cha~acteristi~s (based on the 20 percent p~ob­
ability sample) that may be relevant to energy policy are: 

(a) Year buil't 

(b) Presenc~ of basement 

(c) Type of heating equipment 

(1) Warm .air furnace· 

(.2) Heat pump 

(3) Steam or hot water radiator 
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(4) 

(5) 

( 6.) 

Pipel~ss.furnace 

Room heate·r .. 

.. (7) . Fireplaq~ or: st<;we 

(d) Type of heat;ing and c,9oking fuel 

(1) .Utility gas 

(2) LP gas 

(3) t.lecrricity 

(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 lS percent probability sample and a 5 pet·cent 
probability sample were drawn from this 20 percent sample. 
The surveys were conducted by the method of self-enumeration 
using a mail out/rnail 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 characteristics 
is estimated at 0.6 percent. 
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4. Access .to Data 

The 1970 Census 9f Housing is available iri·published 
form. Several computer tapes are also available. The 
"Fourth Count" tape contains data on detailed housing energy 
use and appliance characteristics tabulated for 35,000 
Census tracts; 

5. Computer Requirements· 

a. General.Desc~iption. A copy of all or par~ of the 
1970 Census of Housing is available on nine-track computer 
tapes. Questions concerning the 1970 Census of Housing and 
its design should be directed to Edward Montford, (3.01) 763-
2880. 

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

c. .Transferability. A copy of all or part of the 
tap~s can be ~rdered 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 numbe·r 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 Commerce, Bureau of the Census. Cen~us 
of Housing, 1970, Six Volumes (see below). Government 
Printing Office, Washington, DC, 1972. 

Volume I: for States,: Cities 
parts by state 

Series HC(l) - A General Hou~ing Charac­
teristics. 

Series HC(l) - B D~tailed Housing Charac­
teristics (including energy measures) 

Volume II:. Metropolitan Housing Characteristics 
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Vol.ume lll·: 

Volume IV: 

Volume V: 

Volume VI: 

Volume VIJ: 

Block Statistics 

Compo~ents of Inventory Change 

Residential Finance 

Es~timate·s of Bubstandard Housing 

Subj~ct Report~ 
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J. AIA Research Corporation 
Data Base 



J. AlA 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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r 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 included in any 
future version of this report. 

K-1 Residential 



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 cut'1sumv Liuu and eos t data for ~ach 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 housi-ng ::md 
appliance characteristics, transportation and vehicles, 
demographic and socioeconomic characteristics,. and various 
energy conservation measures. The utility survey will 
collect data from utilities on 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 mor~ precise, 
expert onsite evaluation of housing, appliance, and tise 
characteristics has been dropped. 

The initial plans are for a survey sample of 5,000 
taken lwiee 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 
required to obtain a statistically significant s-ample. 

Tabula~ions artd computer accessible data files from the 
surveys- will be available afte-r the data is processed. 
Complete processing typically takes 1 to 1-1/2 years. 

The annual bas-is 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 o-f household 
energy consumption and conservation behavior. 
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2. Solar Market Development Model 

The Solar Market Development Model simulates the develop­
ment aild.commercialization of solar heating and cooling 
devices in residential and commercial buildings; The objec­
tives are: (l) 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 heating, and .space cooling of 
the buildings. 

The model consider~ 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 wat~r, 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 s6lar option.· The 
undiscounted payba~k ~eriod associated with each solar 
device, building type, and backup system is chosen to be the 
financial measure which reflects consumer economic behavior. 
E~timated 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 ~esthetics, attitude toward ~olar, etc. 
Each penetr~tion ~alculation 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 descrip­
tions of the solar industry infrastructure production possi~ · 
biliti~s arid te~hnical trends. · 

The model provides analyses for the follbwing categories: 

(a) Residential structures 

(1) Single family 

(2) Low density 

(3) Condominiums 
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(4) Multifamil~ 

(5) Mobile homes 

(b) Commercial structures 

~I) 

(2) 

High hot water institutional (hospitals) 

High hot water other (restaurants, hotels, 
laundries) 

( 3 )· Low hot water institutional (educational, 
government) · 

(4) Low hot water owner/lessor (offices, banks, 
re Lall, suelal, .· rellgluu~, ·war elwusel:i) 

(5) Low hot water owner occupied (offices,. . 
banks, retail, social, religious, warehouses) 

(c) Fuel shares by building type 

(l) Electric 

(2) Gas 

(3) Oil 

(d) Solar systems 

(l) Water heating 

(2) Water heating and space heating 

(3) Water heating, space heating, and air cohdi­
tioning. 

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) Federal economic inventives 

(l) ·Grants 

(2) Tax credits 

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

(5) Accelerated depre~iation 

(6) Low interest loans 

(7) Loan guarantees 

(8) Government buildings program 

(b) Federal non-economic incentives 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

Consumer education programs 

Financial education 

Building code/certification programs 

Utility programs · 

' Government insurance program 

Federal RD&D. 

The simulation provides cross-tabulated output on the 
following: 

(a) Solar inst~llations in each region 

(b) Residential structure and commercial category 

(c) Solar system 

(d) Direct energy savings for. each fuel 

(e) Results of the incentive 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 he accessed or copied on request. Chuck All~n 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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A .. ORNL Commercial Sector Model of Energy Demand 

[Structural Commercial Energy Use Model of EIA] 

1. Purpose 

~ 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 formulating 
effective government energy conservation·programs in the 
conimercial se.ctor, 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 Forecastin~ 
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 willprovide annual forecasts of commercial 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 given year 
vin~age as a function of energy prices in the case 
year 

(b) Potential energy use required per square foot of 
building by equipment of a given year vintage 
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(~) Fraction of floor space additions in a given year. 
served by each fuel 

'• 

_(d) ·Commercial building floor space. added in a given 
year 

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

The resulting energy use in the commercial sector, 
given in Btu, i~ therefore dete~mined by fuel _pric~s, 
energy use requ1rem~nts (Btu/ft ), and net commerc1al 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 (EUis) 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 fuei price/ -
efficiency responses. 

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

' -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 price~ weighted by th~ 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 conditioning), 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 
mod~led as a series of interrelated decisions on capital 
stock choice (efficiency) and utilization (fuel price and 
efficiency) combined with 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 ~entilation 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 {n demand for energy (i.e., the · 
utilization rate) are .. limited by the ability to directly or 
indirectly alter energy'prices and the short-run elasticity 
of energy demand, where. the opportunities to respond to 
price changes are again limited to utilization changes with 
the existing stocks~ 

b. Long-run. The p'rimary policy variables which 
operate in the longer run for the ORNL co~ercial sector 
model include the following: 

(1) Absolute ~nd 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 ne~ ~quipment 
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. 
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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 efficien~y 
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 ~nvelope, 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 of Regional, Sectoral, and Fuels Detail 

The ORNL. commercial mo9el disaggregates the commercial 
sector into 10 subsector categories. These are: 

(3) Finance and other office-related 3ct1vitieB 

(b) Retail/wholesale 

(c) Auto repair and garage· 

(d) Warehouse activities 

(e) Educational services 

(f) Public administration 

(g) Health care services 

(h) Religious services 
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I 
(i) Hotel/motel services 

(j) MiscelLmeous commercial activ:i ties.· 

Each of these commercial subsector categories is further 
disaggregated.by fuel type and end use. The four fuel types 
included in the analysis are: 

(a) Electricity 

·(b) Natural gas 

(c) Oil 

(d) Other. 

The five end uses included in the model are: 

(a) Space heating 

(b) Cooling 

(c) Water heating. 

(d) Lighting 

(e) Other. 

Analysis is available for each of the 10 DOE regtons from 
the Regional Model: 

5. Outputs 

The. outputs. of the ORNL commercial model include fore­
casts to the y·ear 2000 of the following: 

(a) Total energy use in the commercial sector (in 1015 
Btu) 

(b) Commercial sector energy use by fuel type (percent 
of total Btu) · 

(c) Trends in fuel.choice within the commercial sector 
(i.e., fuel type market shares as percent of total 
Btus) 

(d) Commercial 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 ih the-commercial sector by calculating the 
difference between the -fo"recasts obtained for· .a .specific 
policy scenario and the baseline. These results can be· 

. obtained foF each commercial subsector as well as for the 
total commercial.sector. 

~ ; ~ ' \t. ' • 

The results of commercial 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 commercial sector model is under 
development: .. · · 

6. Input Requireme:rits 

Input variables re.qul.red for the ORNL commercial sector 
model include the following: 

(a) Fuel prices (in dollars) 

(b) Commercial floor space estimates (in square feet) 

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

(d) Energy use index numbers for buildings/equipment. 

Commercial floor ·space is. estimated through the use of 
historical data on per capita disposable personal income and 
populat~on, ·a~d. s.choo_l- enrollments for educational buildings. 

Energy use forecasts require input data on annual 
growth rates of fuel prices and corrunercial 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 grow.th of floor space· in educational buildings, the 
annual rate .. of growth of sc·hool enrollments is substituted 
for the-p6pulation· annual growth rate. 

7. Sources. of Data 

A variety of dat~ sources were used in the development 
and operation of the ORNL commercial s·ector model. These· 
are presented here by- category. of use within the model. A 
number of these are dis~bssed elsewhere in this report. 
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a. Primary commercial fuel use data sources include, 
by category of fuel: 

(1) Electricity 

(a) Edison Electric Institute, Statistical 
Y~arbook of the Electric Utility Industry 
(annual). . 

(b) J~ck Faucett Associates, In6., National 
Energy Accounts: Energy Flows in the 
U.S., 1947-1972, JACKFAU-75-122-8, 
November 1975. 

( 2) Gas 

·. (a) American Gas Association, Gas Facts 
(annual). 

(3) Oil 

(a) U.S. Bureau of Mines, Sales of Fuel Oil 
and Kerosene (annual), U.S. Department 
of the Interior. 

(b) American Petroleum 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 building: 

. ( 1) General 

(a) F,W. Dodge Division of McGraw-Hill 
Infor~ation Systems Company. 

(b) U.S. Department of Commerce, Historical 
Statistics of the United States, Colonial 
Times to 1970. 

(c) U.s.· Department of Commerce, Bureau of 
the Census, Statistical Abstract of the 
United States (annual). 

(d) A.D~ Little, Project Independence Blue- . 
print, Final Task Force Report, Residen­
tidential and Commercial Energy Use Pat­
terns, 1970-1990, prepared for the 
Federal Energy Administration, November 
1974. . 
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(2) R~tail - wholesale buildings 

(a) Department of. the Tre~sury, Office of 
Industrial Economics, Business Buildin~ 
Statistics, GPO Stock No. 048-000-0027 -
0, August 1975. 

(3) Schools 

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

(b) U.S. Department of 
Welfare, Inventnr 
irt Instit~u~t~i~o~n-s--0~~~~~~~~~~~~~ 
1970, 1974. 

(4) Public Buildings 

{a) Ide, 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., Energy 
Cnnsum ti.on in Commercial._ :[ndustries .~.Y.. . 
Census D1v1sion - , prepared · or tne 
Federal Energy Administration, Consump­
tion Studies Division, March 1977. 

{5) Hotel-Motel 

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

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

'( l) Space and. wat.er heating 

(a.) We.stinghouse Research Laboratories, 
"Assessing the Potential for Optimal . 
Utilization of Off-Peak Power," prepared 
for ·the Federal Energy Admini·strat.ion, 
December 1975. 
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8. Other 

(b) Hittman Associates, Inc., "Physical 
Characteristics, Energy Consumption, and 
Related Itistitutional Facto~s in the 
Commercial Sector," Report HIT-630, 
October 1975. 

(c) A.D. Little, Pro~ect Independence Blue- . 
print, Final T~s Force Report, Residen­
tial and Commercial Energh Use Patterns, 
1970-1990, prepared for t e Federal 
Energy Administration, November 1974. 

(2) Lighting 

(a) 

(h) 

Dugas, D., s: Dole, H. Peterson, and K. 
Riegel, "A Preliminary Assessment of 
Energy Conservation in Lighting," Rand 
Corporation, Report WN-8666-FEO, May 
1974. 

Illuminating Engineering Society, 
IES Handbook, 9th ed., New York, 1966. 

(3) Climate 

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

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 ORN.L. An updated version of both the regional 
and nat.ional model is currently available from ORNL using 
1977 a~ the.base year. These changes are also integrated 
into the cortune.rcial model of EIA' s Regional Energy Demand. 
Forecasting models (RDFOR) and EIA's stand-alone versibn of 
RDFOR, the Structural Commercial Energy Model. 

A state-level version is currently under development by 
Charles ~iver 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 beirig run at 
at least.30 different installations, one of which is EIA. 
ORNL's version and EIA's version are structurally almost 
identical. In addition to the national versions ~t 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 eyolved 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 
Associates is presently.developing a state-level version. 

The ORNL model is run on an .IBM 360-370. Questions 
concerning it cari 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 arid 
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. Accessib_ili tv. ORNL can make commercial se.ctor 
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 
pa·ssword. 

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. 

A-10 Commercial 

, 



, The entire Commercial Sector Model and appropriate 
baseline data base are needed to make a run. 

c. T~ansferability: 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 ea_sily transferable. At most, very minor 
changes might be required to transfer to another system with 
Fortran.. The model has a 2JOK CPU storage requirement. 
Along with the model on cards, the user will receive a 
user's guide. 

d. Ease of Modification in System. The Commercial 
Sector Model is fairly flexible. Depending on the extent of 
changes and lead time, OKNL 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 available to answer 
any questions. 
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B. Brookhaven Buildings Energy Conservation 
Optimization Model (BECOM) 

1 1 Purpose 

BECOM is· designed .as an extension of the Brookhaven 
Energy System Optimization Model (BESOM) to prov;Lde detailed 
disaggregation of end ris~ energy demands. The technology 
choices and eriergy.requirements·resulting from BECOM optimi­
zations are used to project, analyze, and evaluate the 
effects on energy use of conventibnal and proposed energy- . 
related technologies in ·residential and commercial buildings. 
For any eombination 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 Structur~ 

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 spec.ific 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 choic~ 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 ~ervice demands are calculated 
from accepted industry procedures. These are placed in 
prototypical cities with appropriate degree days anrl cooling 
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 nf 
dll technologies-to meet the given final end-use dem,qnd~ for 
energy. 

The BESOM constraints are classified as follows: 

(a) Supply constraints, which limit the amount of a 
given energy source (by fuel type) that may be 
~sed in the plahning year 

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

(c) Elec trici t 
limit 
types 

which 
of plant 

(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 condi.tioning 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) 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 

(d) 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 buildings, or to reflect 
housing models·. 

(e) Seasonal o eration constraints on heat· urn s, so 
t at the eat pumps ave a ratio o eating 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 

(f) Constraints. which reflect backu re uirements for 
so ar energy uses w en inso ation is icient 

(g) 

(h) Solar hot water heating constraints, which ensure 
that buildings that employ solar space-h.eating 
systems derive their hot water from the same 
system. 

3. Policy Variables and: Parameters 

Policy Variables arid parameters w{thiri BECOM include 
the following: · 

(a) Input prices, which can be. altered to assess the 
impacts of al te.rnative tax and pricing policies 

(b) es, which can be 
of various tax 

(c) 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 

·(d) costs and/or efficiencies, which can be 
to a~sess t ·e. mar et penetration levels 

types of energy equipment in buildings. 
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4. Level of Regional, Sectoral, 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, $UCh 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 h~ater insulati.on, 
and appliance performance levels. 

These ~nn~Prsion and structural technologies can be 
used by nine residential and commercial building types. The 
residential building types include: 

(a) Single-family homes 

(b) Low-density dwellings-

(c) Multifamily high-rise buildings 

(d) Mobile homes. 

Commercial building types include: 

., 

(a) Hospitals, including all health care facilities, 
private and public 

(b) Schools, including classrooms, laboratories, and 
libraries 

(c) Offices, includin~ general office space; state,· 
local, and .federal administration buildings; and 
banks 

(d) . Retail, including malls and general mercantile 
buildings 

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

Each of these resident-ial and commercial building c-ategories 
includes both retrofitted (existing) ~uildings ~nd 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 six 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 heating 

(d) Cooking 

(e) Appliance loads· 

(f) Illuminatibn loads. 

In addition. to the regional and· end-use detail in the 
residential and ·commercial sectors desc·ribed above, the 
BECOM energy demand analysis .considers a number of fuel 
types .. Data concerning the avail~bility pf these fuel types 
are obtained either by assumption or through the use of the 
BESOM energy stipply analysis. These fuel types include: 

(a) Natural gas 

(b) Oil 

(c) Coal/fossil fuels 

(d) . Electricity 

(e)· Solar. 

The analysis of the energy flow is accomplished through 
a detailed flow network that represeqts technologies in 
buildings in one of the four regions, and an aggregated 
dem~rid representing the energy requirement in tH~ other 

·three regions. This is done for each region so tpat a 
national energy flow projection is developed. 
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5. Outputs 

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

(a) 

(b) 

(c) 

Energ~ demand by building type, including both 
retro itted and new buildings, by fuel conversion 
technology 

Summation of energy flows, done:separate.ly for 
residential buildings and commercial buildings, by 
fuel conversion technology · 

Nf~_t:. 1_~_P.-_e.drgy __ dd~m,:tn<1. __ .t'.<?~---· -~-c:t~h .... ~_ec tor and rE!gion, by 
ue an en use. . 

. 
In addition to these outputs, the investment (in 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 ~arkets and build~ 
ings. 

The model also yields the implied "shadow" prices 
as~ociated 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 ~f 
energy resources. 

6. Input-Requirements 

The main categories of· dat_a input required by BECOM are 
the tollowing: 

(a) Buildin' 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 numher of units; 
commercial building stock is given in number of 
square feet. 

(b) Theoretical building loads for different building 
types .and <different climatic conditions in v.ari.ous 
regions, in :the following categories: space 
hea.ting., .air ,conditioning, hot :water, lighting 
plus power, and auxiliaries for \commer;ci'al bul.ld~ 
ings. 
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(c) Shell efficiencies, which aie the.peicentage 

improvement in structural integrity over a nominal 
1975 value that can be expected from implementing 
certain te~hnologies 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, including the cost of conversion 
devices and structural technologies, both foi new 
buildings an4 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 6rt 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 an4 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 repori 
writer, a machine which allows f6r.flexible reporting. 

B-7· Commercial 



I 

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 III linear programming code and 
PDS/MaGen which puts the data in the correct form for APEX 
III. The model is programmed in the language of 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 bui t 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. 

C-l Commercial 



' -. 

. ' . 

'\ '. 

.. 

... ' ~. . .; ~ 

t • - . 7. ~- - .. : : 

~- . '} . 
' ,,• 

_- . -. THIS··PAGE: _·_·; .... 

WAS INTENTIONALLY 
LEFT BLANI< 

\. i 

I 

f·_ •• ·~ · r ~-; .. 

! , , p • : I , , : ', , c. ·- .. :· '" •1 ll'. ~ _: 

,. ~ .. 

. -



D. Energy Consumption Data 
Base:· Commercial Sector 



D. Energy Consumption Data Base: 
Commercial Sector 

[Jack Faucett Associates:. Energy Consumption in 
Commercial Industries by Census Division - 1974] . 

1. Purpose 
. . 

The Jack Faucett Associates (JFA) data base was develop­
ed for use as part of the FEA Energy Consumption Data Base 
(ECDB). Its purpose was to assist the FEA and other goveFn-
ment agencies in the design, development, and collection of 
energy information for use in statistical and forecasting 
activities and in analyzing the impacts of energy policies, 
as required by the Energy Conservation and Production Act of 
1976. . . 

The JFA dat~ 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 contain data for the years 1967 and 1971 as 
well. 

2. Structure 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 dete-rmined. 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 difficulti~s 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 go ... 75. ;to the .. estimated energy consumption data. 
Thes·e "functional· use matrices" were adjusted to .be·· fuel 
specific· and to fit the. functional use categories specified 
for each commercial industry. 

For pur·poses of. developing the. Energy Cons-umption. Data 
Base, the commercial sector is defined to include the follow­
ing industries: 

(a) Retail tradi 

(b) Wholesale trade 

(c) Communications 

(d) Utilities (excluding material inputs to electric 
generation pLOc~Bs) 

(e) Finance, insurance, real estate, and services 
. '' 

(f) Schools 

(g) Hospitals and nursing·homes 

(h) Public administration (local, state, and federal, 
including the military). 

In-addition to·the U.S. total, the nine census regions 
included in th~ data base are: 

(a) New England 

(b) Middle Atlantic 

(c) South Atlantic 

(d) East North Central-

(e) East South Central 

(f) West North Central 

(g) West South Central. 

(h) Mountain 

-( i) Pacific. 

The commercial sector portion of the ECDB includes six 
fuel types. The types.of fuel and the physical unit asso­
ciated with each are as follows: 
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(a) Coal (thousands of short ton~) . 
..: 

(b) Fuel oil (thousands of barrels) 

(c) LPG (th9usands of barrels) 

(d) Natural gas (millions of cubic feet) 

(e) Electricity (millions of kWh) 

(f) 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) Space conditioning 

(b) Water heating 

(c) Cooling 

(d) Lighting 

(e) Refrigeration . 

(f) Other, not elsewhere classified 

(g) 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) Ide, Edward A. et al. Estimating Land and ·Floor 
Area Im licit in Em lo ment Pro· ectio·ns. How 
.Lan an F oor Area Usa~e Rates Vary ~ In ustry 
and Site Factors, NTISPB-200-069. I e Associates, 
Inc., Philadelphia, Pennsylvania, July 1970. 

(b) ·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, 1974, Edison Electric Institute, New 
York, New York. 

'f'hese data were developed for the commercial 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 purc~ased tapes. 

5. Computer Requirements 

a. General Description. The. End Use Energy Cons-ump­
tion Data Base (ECDB) exists in two forms: (l) as a sequen­
tial file on tape for easy transferability~ and (2) ac 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 compu.ter, 
one must get permission from Bruce Egan to· use the appropri­
ate files. The EIA. computer c.an be access.ed. by 300 and 1200 
baud terminals and is connec.ted 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 
contact-ing Bruce Egan or through National Technical Informa­
tion Service (NTIS), U.S. Department of Commerce, Springfield, 
Virginia 2Z~6l. There are no security·restrictions. 

The random access file version 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 b,ase 
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; howeyer, 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 l. Tables" manual. 

6. 

Jack 
cial 
Mary 
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E. F.W. Dodge Data Base 

1. Purpose 

The Dodge data base provides information ori new con­
struction to firm~ that sell products and· services to the 
new construction ~arket. 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-th~ 
years 1931 to 1976. Data are available fo£ 1977 to 1980, 
but DOE does ·not 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 

(c) Office and bank btiildings 

(d) Schools 

(e) Hospitals and other health treatment buildings 

(f) Government administration and .service buildings 

(g) Religious build{ngs 
. , \ ,·. 
(h.) .. Amusement, social, and recreational buildings 
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(i) Housekeeping residential buildings 

(j) Non-housekeeping residential buildings. 

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

(a) Valuation 

(b) Floor area 

(c) Dwelling units 

(d) Number of projects 

(e) Number of stories 

(f) Framing description 

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

The data are available 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. .Access 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 Statisticai 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, th~re 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 fo~m 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~ ErA· would like· to purchase the 
1976-1980 data, but to date has lacked sufficient.funding 
($50;000). Contact Gerald Benis (202) 633-9022, for any 
questions regarding this. 

Third, the Dodge data are accessible through direct 
purchase from Dodge, including up-to-date. data with a one­
month lag! The usi 6f these data is also restricted, as 
stipulated by the specific contract. In 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 specific .information is 
available on this at the present date. 

5. Computer Requirements 
. . . 

The Dodge data base is in place at EIA on two TBM 30-33 
computers. Computer requirements are minimal. Once the 
Data Service Request iscompleted, Gerald Benis of EIA, 
(202) 633~9022, should be ~ontact~d 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 Analysis 

a. Use of Dodge Data in Commercial Energy Estimates. 
Many energy consumption studies in the commercial 

sector are developed on the assumption that there is a good 
empirical relationship between commercial floorspace·and 
energy use. This is based .on the use of floorspace inventory 

*Generally., Dodge requires sufficient aggregation so that 
the published data will not satisfy market analysis re­
qui~ements for any of Dodge's commercial customers. This 
has resulted in numerous skirmishes be~ween Dodge and. re­
searchers, including those involving the General Electric 
Commercial Sector E~ergy Consumption Data Base, the ORNL 
Commercial Sector Model, and the ORNL pata Book, among 
o·thers. 
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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·p~esent ~eport 
us~d the Dodg~ data for floorspace calculation: General 
Electric, Energy Use in Commercial Buildings (GE); Arthur D. 
Little, Residential and Commercial Ener Use Pattern 1970-
1990 (ADL ; an· Lhe Oa Ri ge Nationa La oratories Commer­
cial Sector Model.:.._o~ Energy Demand (ORNT.), The use of the 
Uodgedata in a11~thrPP. re»ts basic.:1lly on a. ".!tock additions" 
model in which inventory in any year is equal to the inven­
tory in the previous year~ plus construction· awards in the 
previous year, less.the retirements 6r demolitions.·:Since 
Dodge data on construction activity are central to these 
calculations, the majur differences oc.cu~ in~deciding·how to 
treat limitations in- those data.- ·These limitations and ways 
they w~re treated in-various studies are discussed below. 

b . the Dod e Data . -* · Dodge 
data are to t e present. However, .over 
that time there· hav~ be.en a number· of changes iri the· data 
coverage and ca-tegories, 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 di•scussed. in more detail with. the alternative' ·. 
approaches taken-to this solution. . ·. 

\. 

: (l) -Incomplete geographic coverage - ~: 
' ' \ 

(2) Changes in the•building categories 
I ... - . 

- 1> I -

(3) Lag time· between the building permit collected 
by Dodge, and actual building completion 

(4) Lack of· a corresponding series of demolition 
or ~emoval rates·for buildings· 

·tj. -

(5} Lack ~f an initial inventory for 1924. 

'· ' l ol - " • 1 -~ L, 

. l • ~ ..... 

*For a more complete.tre~tment of. this topic~ see. an,article 
by M.G. Strohleim .in Energ~ Use. ~n Commercial Buildings, 
ORNL, May 1979JDraft,,not for otf~cial use. 

' . 
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(l) Geographic Coverage. Between 1925 and 1956 
Dodge did not collect data on ll Western states, and 
between 1956 and 1968 Hawaii and Alaska were left out. 
Both the GE and ADL approach was to ext.rapolate 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 ate ~nderesti~~ted in the earlier years of 
rapid Westerri states d~velop~ent. A more complete 
analysis would explain the differ~nces by additional 
variables beyond just population and population growth, 
but these were not attempted. 

· · (2) BuildinB Cate~ories. Seven building categories 
wer~ reported inodge -etween 1925-~nd 1956. ·After 
1956, there were 15 categories. GE estimates use the 
15 categories throughout. the period'by calculating the 
iatios 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 st.rong assumption 
that the composition of the commercial sector does not 
vary between 1925 and 1956. ADL' s disc.ussion was to 
use the existing 7 Dodge categories and then·make 
adjustmen~~ within categories although the exact method­
ology for proportioning the adjustments is·not clear 
from the ADL test. The ORNL model's 10 commercial 
~ategorie~ were esti~ated using the Dodge i~ventories 
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 completion. .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, OR~L did not 
compensate .for the lag period. 

(4) Demolition Rates. Little or n~ annual d~ta 
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. Becau~e the Dodge 
additions ser1es begins in-T9.25·,-·- there is n..o estimate 
of 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, a~ indicated by ORNL 
( p. 25) where in 1969 ., 2.6 percent of office building 
floorspace was from before 1925, while only 13 percent 
of retail building floor.spac,e .existed before 1925. 

ADL's solution to the initial inventory 
question was the simplest, and also the most in~c~urate. 
ADL assumed ·that the 45-year building lifetime argued 
no need for a 1·925 inventory in the 1970 study year ( 45 
years later). GE tried a variety of procedures~ 
straight line extrapolation of the stabilized cumulative 
c·onstructicon acti·vity for years after 1925, ratios ·Of 
inventory to GNP, relationships bet·ween inventory 
growth rat.es 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 s.eparate commer­
cial category dep.ended on the 1956-1976 composition, as 
discussed in (2) above~ 

Th.e 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 w.ere surveys for r.etail 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 S!tock. When these cross-section 
.estima:tes 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 t·O 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 making best use of 
the Dodge data source. · 
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F. Natiorial Federation of Independent Busin~~ses (NFIB) 
Energy Report for Small Businesses· 

1. Purpose 

The "Energy Report f.or 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 obj~ctives of the survey are primarily to provide 
data and ·o~inion 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 important. NVIB 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 fo.r all of the surveys are: 

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

(b) Type of business 

(c) Gross sales 

(d) Number of employees 

(e) Number' of vehicles used by the firm .. 

(f) Av·erage monthly expenditures for fuel and elec­
tricity (broken out by· fuel type: electric, gas 
and propane, fuel oil 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 

(c) Type of fuel used for 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
Lion 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 
adverti~ing 

(k) The effect of a 20¢ per gallon increase in gasol~ne 
lJ.r:ic..:es 

(1) Any changes in operation or capital investments 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. 

~· 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 surv.ey. 
Samples were randomly selected for each mailing. No attempt 
was made to create a longitudinal survey; the survey·is 
termed "quarterly"'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 
plaris 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 
uarterl Ener Re ort for Small Businesses. At present, 
ive 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 their services 
for their 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: 
Residential and Commercial Energy Use Patterns 1970-1990] 

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 
building 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 forecast$· 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 ~nergy demand models, but elements of its 
data and methodology still provide a historical basis for 
the development of current tools of energy conservation 
analysis. ' 

2. Structure and Level of Detail 

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 dimeri­
sions, including five.building types, five end uses, four 
geographic region~, and five fuel types. These are described 
belowi 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. 
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The ADL commel;'cial data base includes buildings defined 
by the following categories: 

(a) Office buildings, including general office build­
ings, banks, and public administration buildings 

(b) Retail establishments, including stores and other 
mercantile buildings and garages and service 
stations 

-(c) Schools, including educational classroom buildings, 
laboratories, libraries, and related institutions 

(J) Hu~pilals, including hospitals, clinics~ and other 
medical care fa~ilities 

(e) Other, including hotels, motels, dormitories, 
amusement, social, and recreational facilities, 
and religi.ous buildings. 

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

end uses: . 

(a) Space heating 

(b) Air conditioning 

(c) Lighting 

(d) HVAC auxiliary equipment 

(e) Appliances and hot water heating, refrigeratior1, 
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. total and each of five fuel types. The four regions 
are: 

(a) Northeast 

(b) North Central 

(c) South 

(d) West. 

The five fuel typ.es are: 
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(1) Gas 

(2) Oil 

(3) Electricity 

(4) ·LPG 

(5) Coal. 

3.. Source of Data 

Sources of data for the· ADL commercia1 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 forecast~ and projections of personal 
income, population, employment, and industrial . 
. sector earnings and sales · 

(c) ASHRAE .Guide and'Data Boo~ 

(d) American Gas Association publications 

(e) Edison Electri~ Institute publications 

(f) Illuminating Eng1neering Soci~ty'(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 projections are 
made to the yeai 2000. · 

4.· Access t~ Data 

Tables for the ADL data base are available in the 
appendix to the ADL report: . Project Inde~endence, Residen­
tial and Commercial Energy Use Patterns 1 70-1990 .. 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 projec·t '(516) 345-2116. The ADL .data base is 
not currently available at EIA. 

G-3 Commercial 



5. C_q~pu,ter 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). Bo.th the baseline 
.data artd output tiles of BECOM are accessib;Le by a computer 
report writer, which allows for flexible extraction of data. 
BNL cart 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. 
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H. AlA Research Corporation Data Base · 

1. Purpose 
. . 

The AlA data base was developed by ~he AlA ~esearch 
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.withTitle III of Public.Law 94-385, "Energy Conserva­
tion Standards for New Buildings Act of 1976.''. The purpose 
of the AlA data base is to establish a consi~tent reference 
or baseline of current practice in building design and 
construction for the evaluation of alternative energy standards 
to hP llsf:'d in the design of new buildingc. 

2. Structure and Level of Detail 

The AlA data base estimates the ·energy consumption of 
recent (1973 to 1976) residential ~nd nonresidential buildings 
from buildings design data. Energy consumption is measured 
in Btu's per gross square foot per year. For purp6ses 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;· 

Nonresiden~ial buildings are classified into 12 cate­
gories. These building types include: 

(a) Office 

(b) Elementary school 

(c) Secondary school 

(d) 'College· 

( e') · Hospit.al 

(f) Clinic 
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(g) Assembly 

(h) -Restaurant 

(i) Mercantile 

(j) Warehouse 

(k) Residential non-housekeeping 

(l) 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 degr·e·e 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, etc. 

(c) Heating,. ventilating, and air-conditioning systems. 

Heat loss, heat gain, and heating and cooling utilization 
factors were calculated, which together yield the es:timated 
energy required to heat and cool the res:idences 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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( <;). De!:)igne~ use anc;l. quilding .. func~ions-

(d) Heating, ventilating, and air-conditioning systems 
data 

(e)· Domestic hot water and lighting systems dat'a 

(f). Incorporation of renewable energy us~ge co~sidera~ 
t~OJ1S. 

These dat~ wei~ analyzed us{~g a propri~iary energi analysis 
comp·uter program, AXCESS, developed by the Edison Electric 
Institute, ~hich cal~ulated .annual design energy consumption 
levels. 

3. Sou~ces of Data. 

Statisti~al analysis was conducted.on 4,300 question­
naires completed by residential construction members of the 
National Association of Home Builders (NAHB) and 289 question-
naires completed by ci~nufacturers of mobile.homes. For · 
nonresidenti~l.buildings, 1,661. ~qmpleted questionnaires 
from 37 Standard Metropolitan Statistical Areas (SMSAs) were 
analyzed. · 

4.. Access to Data 

Details concerning the.data and output of this ~ffort 
may be obtained through r~port~ 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 level~ 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 .. 
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I. Nonresidential Buildings Surveys of Energy Consumption 

l. Purpose 

·This project is a national survey conducted by the 
Energy Information Administrati~n (EIA) as part of a major 
effort by the Department rif.Energy to develop a compre­
hensive energy consumption data base. The Nonresidential 
Buildings Survey is to collect basic benchniarking information 
on ~nergy cap~cities and inventories in the nonresidential 
sector. Specific authority for the survey is vested in 
Section 52 of the Federal Energy Admiriistration Act of 1974, 
as amended, which charges the EIA with the responsibility 
for creating and maintaining a National Energy Information 
System. · · 

Four stages of survey development have been undertaken 
or are contemplated: · 

(a) Pilot Survey - Nonresidential Buildings Pilot 
Survey to test a preliminary version of the 
~u~stionnaire and the survey design·for an interim 
survey 

(b) Interim Survey - Nonresidential Buildings Interim 
Survey to provide users with timely but limited 
infoimation for planning an analysis or building 
<::onservation 

· (c) . Feasibility Survey - Nonresidential Buildings 
Feas.ibili ty Survey to develop informat:ion for a 
full-sc~le 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
resideritial 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 ~f Detail for Interim Survey 

Th~ Npnresidential 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 f~el 
suppliers. ·.The. owner/manager: phase was· completed .in ·October 
through December ·197.9; the fueLs data phase is. ne.aring · ,., 
completion. t' r dl•. ' ~ . !· 

The survey includes information for approximately 7,000 
nonresidential buildings in the United Stat~s. The buildings 
included in the survey are classified·into l6.categories as 
follows: 

(a) Agricuitural buildings 

(b) Assembly buildings 
• '- t_ .... ' I 

(c): .. Educational:buildings 
o • I i' 

(d) ... Food":'related:sales and. service 

(e) Health· .. -:- .in .. patient care·,-. 

(f) Health -- out-patient care 
. . 

(g) Industrial buildings 
. ' 

(h) Laboratories 

(i) Mercantile/service 

(j) Mixed use 

(k) Office buildings 

(1) Public order and safety 

(m) Residential housekeeping 

(n) Residential non~housekeeping 

(o)· Storage. 

(p) Other. 

. Two· general .categories .of information were obt&ined -
during this. project. General buildings data include: 

(a) Number and type(s) of building occupants 

(b) Year of building construction 
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(c) 

(d) 

(e) 

(f) 

(g) 

(h) 

(i) 

( j ) 

(k) 

Number of floors 

Total ~quare feet 

Glass coverage as percent of exterior surface, 
including type of glass 

Use of awnings or shades 

Last year additional insulation was installed to. 
roof or walls since. construction, if any 

Last year caulking or w~itherstripping was applied 

General categories of heating,· ventilating, and 
air-conditioning (HVAC) equipment 

·Primary. and secondary activity(ies) in the building 
(by share of square footage) 

~umber of persons who.work in the building. 
. . 

Data on energy consumption in the buildings covering a 
period from December 1978 to J~nuary 1980 include: 

(a) ·Percent of building square footage heated and 
cooled 'v 

(b) Buildipg operating hours per day 

(c) Type of energy conversion (to heat) system 

(d) G~neral type of heat distribution syst~m 

(e) General type of cooling system 

(f) Type of temperature controls (individual/central) 

(g) ·.Normal winter and.summer interior temperature 

(h) Types of fuels or energy sources 

(i) Number of iuels or energy suppliers used 

(j) Billing method (individual tenants/single building) 

( k) Billing 'coverage ( indi_vid~al building/multiple 
buildin!?s) 
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(l) Energy information packets received, 

The utility company and fuel supplier data will provide 
fo~ all fuel accounts in each building surveyed Cassumin.~ 
the appropriate owner waivers are signed), monthly ~m~w-gy, 
voluine, and cost data for ,a period of not less thl::m 12 ··-·· 
months and up to a maximum of 3,6 months. 

' ' 

The categories of data are :r.egionalizBd by the to!H'" 
major census regions (Northeast, North Cent·ral, So:uth, 
w,est). 

3. Souic,es of Pata 

a. Int,erim :Surv,e~. Th.e (t)Lonr.e:sid.enti.al :Build.:in~9 
Int·erim Survey i:s :stni•Ctur,ed a:s .an _ar~a p·ro'b:al>:ility §:YT~~Y 
ib.as,ed •0!l.Tl a ,·s.am:pJli,llg 10 f l ., '0t0.0 ail-"'~~!$ fr~m 79 ,G~nm.ti~!~ P~ ·· 
,c.ountty· g~r"<oup.·s ibn th£ ·({]y;n:!i.t~·d :Stat,~~,. ''J'hg .~i!lir\Y:g_y W!MJ §9fl4y:g·~,~d 
by 1W1e:st.at ., ln1c ,. , iU.Sing th.ei:r •J):r.op·ri,eta·rw :S,a.ropli:m.g :h:,gm.~ 
<Cait<eg,o;r.iz·ed \by ibuisi:l!H~~~S .a~lt.iw~iti&§ a®~ With ~~~JD·t>}~§ @.!=.~W®. 
fr\G:m s,egme\nt:s' -~of tih·.e ·~<.OlU'll~ti.e:S ,c,a.il.gYl9't~.d ':t.Q !b.aw~ ~9~gblw 
,_e:guiva].te,mt mt~b,er:s ~.<:>f ibM:Sin.e:S:$ ·.e:S<t;a:b:li~s.\b.ro~~t:S ,. ~,9bm!i>l:if>.g 
~s,t;a,t.i:sti,c:s ih,aw,e !ll.0lt ycet. ib.e&® r·.el.e,~~$~·.0., - ,_ 

'TJh.\.e !N~Jn·rle:$~!Ld.e;J)).tt:i..al :8©-:i.l,~Ji:a,gs 1:r:J.;t,~j:}i.iffi ~~:rw,~_w ,glg>:f>!§i.$·t,s 
10:£ ·tM.o :siu,rw<(_ew .rblil!S'Lt:r(!lllrn.eJatl$ .. ()n.e i:S ,g. iP.uiJ.4·li:n.g ,QWJ.J.&:r l0:_r 

:mam..:ag1e;r ti::mb_e.:rwi<ew ,. ;$~U.n:r.e:yr ·i~m.t·~:rv·.i<.ew:S wg~,~ ~~:OncQ.;y:g;t~.d :t>,~·lt'W~~:P 
'S:e;p>:t(emlbler il'9Jt9 ,aiad :W.e~tem~bte'l" 1~17~9 .a~n~ ,~.g·w.e:~~§ ;§.:Ii>iP!"I<,i)~i.ID.~'ikEE~il-w 
7/,,(@@J!) Ja<'>,nr~.e:s it(;Leln·t:!La1 lb1Ui:l.di~n1g;o.s .. '!Lh.e :ii1J.:t~e:I:-wi.e•w§· :ts>.9l'k. .~pJ?:i{>x:i.,. 
1m:a:t<.e:tl.w (0:n.e--ih:aiLf ia0.u:r lli>(e1r <r &:SiP.0,nd.e.n't .. · 

·~I'!h·.e :S~e,.c.<!l.nd 1:n.t-.eJ:rim ~ffi·:u~:r·Y:ew J;t).:S:t::.rJJ:ID~.P.t. 1.§ ,q. ;<:IJJ.~·~,tj..<:m., 
·nai:ne 1whi:e:h \W,a's imai·Led t·.0 LU.tJli:ty ~~.OinPilJJ..i,e§ ;g.JJ:fl. :fy~J-§>YP·"' 
:P1 i.e:r.:s.. Th{ts iiDail in=stt:r~.l;l;m.e;n;t Jr\i.qr!JJJ"<e:.s ~t;l).,~ .§,o.m:p,~:n.;~t:? :t;,9· _ 
.pT.ovir_de ;mon;t:h.1y ;e:n.e:r$Y 'Y-Pl:u:m.e :~:m.d ,c\o.s:t td.c;t,t,g. :f,oJ; .~ .P"~:ri-,9,9 t.9J 
•ruot a.~.e$'S :t~h:a:n Tl./2 lmo:n;t~h;$ ;atn..d r:J;l:m rt.!D .:..c;t @~~~ir.ID£tiD @f :~:6 l@9'P:itl.b.§ .• .~ . 

· ib.. ;p:J.J..(o~t :-5J1trwte¥·· ·rrb.i~s ::sJJ!J\.V~:Y I.W_c;t§ '.P~:Dsi!J!&ttt~£1 1t:.9 ·t-~§tt .a 
1p:ne1:i:Dmiin:a~¥ wer:s:'i:on (o': tth.e cq;ue.:.s::t-w_o_ri~s ,and ~sy:~wey (d~:$Jg1].,, ·J'·h~ 
·sampl(e '-e~o.n,s,.i~stn.ed .;o;f (6:4:§ 'tbJJ;i:d:dirn:g;~ (~~,g.w~n :f~9Jil lli>~Y.::i.J@iJJg:$ i:l}. 29 
'OI 't:h:e :Bu·n.e•au co:f ;fb:e LU.e:n:sll::S }P~_r:iit.c~ipl~ §;gm:pJ:i~IJ;g iJ:J'!J:i:.t_$-· i.:.n itib:e 
'!Wa:s:hin,g:t!lm,, Jl!XC ,, :B:aTI.t.t:i.m5D~r,_e ,, t'la;_r~ l~a-.rid .. , ;P.:J:td ',;~:J_JL._e.TI:Y9,WJJ.,, ;.P~JlJ:l§Y ).~-
w(ani:a, .:a·r:.e.:a:s.. ';I':h.e. ~s:.U:rw~ey :..c:o:J.l:e·~:t:,ed ,g,_c:;tJc9 lt:PO.Dl :i:Jl:!;:;~J'Y:i,~w§ --
,w,i:,th tb.uii.lkd:iiD._tg co.wn~e;r~s ~acnd iiD.a:nca,g~.;r:~s.,; :.aJ):d f:-.r:PJ!l tiD:9-i.!.l t9:.J:l'~.'~:;t.:.i'9.JJ.-=' 
~!,l'air<-e:s .. ;.t.o tt~h.e lbu:iili~cliliP:g~s~• ':..U:...t;i)Liiit:¥ .:a·nd :[pyg_J ::.SJJ.J~.P1l:i·~:Ps., ~h~ 
:a.;n:t::e!r,vwew $.U!r...,v~~~ 'Wca:s co..o.n:dJl~c\P.e_d lby iWJ.~:ptt,a:t,, l:n...c •.. , -:+:P. §:P~r:J:;D,g 
)1:9i!S9 ',wiittih ;u:ti!Littw <and o££.u:e1 ~S.UP,PLfii .. ~e:r tdsr;t'a ,opJnpJ_.~e:t.e:d ~:t>~y ::S:e:p.:-
rtrerrib~e:r n~9!7~9.. . '· ' .. .. 
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(' · .. _f.:_~~5~bi li_~_y_Survey. This survey is to include 
Boston, Massac&usetts, the Portland, Oregon, Standard Metro­
politan Statistical Area (SMSA)~ the service area of Seattle 
City Light, and the Tri-Cities area (Richland, Pasco, and 
Kennwick, Washington}. The s~rvey is scheduled for late 
summer 1980 to.be taken by Westat, Inc., for EIA. It is 
planned that 600 buildings ~ill be surveyed in each of the 
four areas. An. important feature of the Feasibility Survey 
will be th~ attempts to use participating ele~tric:utility 
cu$tomer 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.all buildings in the later 
National Survey. 

d. National Survey. This survey is plann~d as a 
full-scale national survey to take place in the mid-1980s 
and to be repeated (tentatively) every two years. The 
sample size is to be approximately 7,000 buildings. 

4. Acce~s 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 santpling. No release of 
the survey data is contemplated. 

. . 

For. the Interim Survey,-~ first report 6n character~· 
istics of buildings is due to be released in August or 
September 1980. An imputation file will have been developed 
by spring 198l'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 response~ from buildings that are large or unique in 
their survey area. 

5. Computer Requirem~nts 

Public use tapes of these data are expected to be 
available through the EIA in the early part of 1981. 
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t,. 1:-\.n::d~ ut ltti.-: Nunresi.denlial lnler.un ·Energy Lonsumpt1on 
Survey that 'Repr'esent Addi tionsv for.· Commercialu Sector 
Energy Use Analysis 

~· ·'' !' '· r'l' .~.~-v_ .. ·. ~,.1.·; 

, ' :The' Interiin ·Survey represents· a inajo.r effort·'"Htoward:a 
comprehensive survey; of ·nonresidential· buildings energy.'use 
characteri~stics: Th'e·· following"' lists characteris.t,ics ·and · 
variables from the survey questionnaire· ·that 'should provide 
significa·nt c"Ontributions to .. commercial-sector: energy ~onser­
vation· analysis· and·. pl-anning:·~· .r , .. , ..... ~ .. r. - ~ n · ·r 

• 
4 ·c t.~~ 't_~~ ,··: . .,..J·t.HL': ~'\~ .. - ,1_.-··.0:::~\' .l1:• 

· a. ·National Perspective. Jhe sampling plan should 
permit weight~ng of the data to give national projections of 
the numbers-;· types, ·~m·d cha.racteris·tics of the buildings, 
building occupants, and· their energy ~se .. Earlier surveys 
either do 'not p'rovid'e nationa'li COVerage·• Or•/' as ·:is" -the1 'Case 
with the Census Bureau's'Annual Housing Survey or EIA's 
Interim' Ene.rgy Consumptio'n Survey, they do not provide>-the 
depth of individual appliance classifications .and usage. 

. , r I ~ I • • . r ... (.'j . ~ . \ J I • ' 

b. Random Sample. The, Westat sampling frame may not 
provide· the' same .strength· O:f samp·ling base· that '.H:;· under 
consideration in the Feasibility ·Survey and later the National 
Survey,' but· i·t' do·es provide·- the· random sample of representa­
tive da.ta for th~ commer.cial sector that will permit good 
cross--sectiona-l· ecoribmetric'analysis across building charac­
teristics,, ow~e!"/oc.c.~pant responses, fuels, and prices. 

c. Utility and Fuel Supplier Data. Other s.urveys 
have collected monthly· utili ty-·or supplier data (e.g. , the 
NEPOOL data discussed in another chapter of this report), 
but not in terms ·of. ali:· fuels consumed for a building or as 
the fuel proportions vary oVer time. Further,. the Interim 
Survey is careful to rc6llect informatiOn on all the accounts 
and customers wi.thin a building and relate these to ·their 
specific application. 'this permits certain further disaggre­
gated ana1ysis. The 14-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. 1

--·· · · 

d. Building A~tivities and Occupants .. 'the Interim 
Survey provides mdre 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 
respons:es as· they ·differ·· across buildings· and occupants or 
activities. 
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e. B~ildin~ Cat~gorie$. The Interim Survey considers 
a large number (l ) 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 perhap~ 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 insights 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 lin~ed to economic .and demographic 
determinants. 

f. and Buildin s~ These are 
included as bui ing categorie$ a an g ~bove. 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 items of equipment 
such as machinery).· 

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 estimati~g and plan­
ning the effects of work hour restrictions for increased 
energy con~ervation during, for example, crisi~ periods. 
The survey, how~ver, does not look at the daily work schedule 
by time of day.· 

i. Temperature Setback Program. By specifically 
inquiring on receipt of materials and actions toward the 
temperature setback program arid asking questions on tempera­
ture settings, the program evaluation, and future incentives 
and regulations can be studied arid planned. 
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7. Additional Data N()_t 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 hoqr. The Interim Survey is intended to provide baseline 
data on energy· consumption and must necessarily lack certain 
detail-s that would be desirable for conservation analysis. 
Some of the da~a not covered in the Interim Survey are 
listed below. 

(a) Building thermc;tl integrity 

(b) Hourly operation schedule of buildings and loads 

(c) HVAC and distribution systems by specific type 

(d) Monthly electric hilliug 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 conttol zones 

(j) Hot water load data 

(k) Refrigerator/freezer data. 

8. Bibliography 

"Nonresidential Buildings Energy Consumption Study," Ques­
tionnaire for the Department of Energy by Westat, Inc., OMB 
No. 038-578042. 

"Justification" for nonresidential building survey and 
waiver collection from nonresidential buildings, mimeograph 
transmittal, DOE. 

"Nonresidential Building Feasibility Study," (Draft) Vers-ion 
5, November 26, 1979~ Draft questionnaire for the Feasibility 
Survey. 

"How the Survey was Conoucted," EIA Mimeo on. Nonresidential 
Buildings Energy Consumption Survey, 1980. 
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r In a soon to be released draft report for EIA, BDM, 
Inc., reviews commercial sector surveys and eval.uates 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 Administration, 
U.S. Department of Energy, (202) 634-5615. 

I-9 Commercial 



' l 
.r- \... .. I 

. :.. . . . 
,• I t 

< 
. . - . 

. . - .~. ~THlS,·PAG:E: ··· .... 
WAS :INTENT! ON ALLY 

LEFT BLANK 

... ~ - ' ~ ........ 

. ... .... .. - - e=-

I- I tJ 



r 

J. Additional Models and 
Data Sources 



r J~ Additional Models and Data Source~ 

.The treatment of the models and data s6urces in this 
s~ction is not in th~ detail or the format of tho~e preceding 
it. · The pu.rpose of· this presentation is simply to alert the 
read~r to their existence and possible use. S6me of these 
and other models or data sources might be included 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-78-1, 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·usP.. This 
data base is central to the flnnrspace calculations uccd in 

·the OakRidge commercial sector energy/demand model. Only 
.the General Electric floorsp~ce inventory is·presentcd in 
the following discussion . 

. The approach taken by General Electric irt developing 
its commercial sector data base is based on a relationship· 
betweeri historic construc.tion 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 lS building types 
from 1925 to 19l6. These building types. include: 

(a) Store and other mercantile buildings 

(b) Warehouses (excluding manufacturer-owned) 

(c) Office and bank buildings 

(d) Cuu11uert:ial garages and auto service stat ions 

(e) Schools and college classrnon buildin~s · 

(f) Laboratories (excluding manufacturer-owned) 

(g) . Libraries and.' museums 

(h) Hospitals and other health treatment buildings 

(i) Government administration buildings 

(j) Other government. service buildings 

(k) Housei of worship 

(1) Other religious buildings 
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(m) Amusement, social, and recreational buildings 

(n) Miscellaneous nonresidential buildings 

(o) Non~housekeeping residential buildings. 

To establ:l.sh the initial ( 1925) commercial buildings 
inventory, General Electric uses six different methods to 
·develop inventory estimates .. The two methods which. yield 
extreme results are eliminated and the result~ of· the remain~ 
ing four method~ ar~ averaged to yield the in~tial buildings 
inventory. In developing the estimates of commercial floor­
space for 1975 from the initial commercial buildings inven­
tory, General Electric applied var:i!ous methodologies to 
allow conside~ation of the followinl: 

(a) Extrapolation of ~eographical coverage to include 
the total United States where data were not avail-

(b) 

(c) 

(d) 

(e) 

able · 

Variations in the definition of the.commercial 
sector and categorical breakdowns of commercial 
buildings 

Lag t.imes between the issuance of a commercial 
building constrution award and ac~ual project 
completion · · 

Estimation of commercial building removal rates 
due to demolition, fire, or other causes 

Estimation of regional floorspace inv~ntory 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 Constr\lction Potentials," 
published by F.W. Dodge Division of McGraw-Hill Information 
Systems Company. 
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2. The BOMA Commercial Sector D~ata Base 

BuildingOwners and Managers Association International 
(BOMA): Downtown and Suburban Office·: Buildin Ex erience 
Exchange Report annually since 1 2 

The purpose of the BOMA d<~.-ta base . is to provide members 
with compar-ative data·on expenses, by 'type of expenditure, 

.per square foot of.rentable_space; The BOMAdata base is 
unique in. that it ha:s b~en collected annu~:llly and. thus 
displays trends:in ene~gy use per ~~uare foot. 

The report, based on a. survey of BOMA·members, summa­
rizes data on 963 ··buildings- in 19'75 ;- ·representing 8 percent 
of commercial office.space in the United States. Only 
aggregate data .are reported; data on individual buildings 
are not generaXly relea~e~; "Gener~l data ·coll~~~ed include: 

. ' ' . . ~ . . 1". '• . 

(a) · Building city/location in city 

(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) RnPrgy typP fpr air conditioning 

(.i) Central air conditioning tonnage. 

Energy data collected include cost and volume information 
for the following: 

(a) Electricity 

{b) Gas 

(c) Oil 

(d) Coal 

(e) Steam 

(f) Chilled water .. 
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3. The Ti~hrnan-~yska and Henriessy Dat~ Base 

Tishman Res.earch Corporation and· Syska and Hennessy, lnc. : 
Energy Conservation in Existing Office Buildings (June 1977) 

Tishman~Sy~k~ and Hennessy developed a detailed data . 
base on 44 Ne·w York City office bul.ldings. ·.The purpose of 

. this effort was to examine how energy use is affect·ed 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 ~haiacteristics, 
SlJCh .::~s fl oo.rspace and lighting systems. Normalization 
factors for weather and for utilization were developed. 
Statistic~l·analysis ideritified correlations between building 
characteristics and energy. For example, Btu per square 
foot generally was.higher for buildings cons:tructed after 
1960 than for older building~. The data were used to estimate 
savings in ener~y· from changes in o~erationa1 practices and 
equipment. · 
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4. The NEMA Com~etci~l Sector Data Bas~ 

N~ti6ri~l El@Gttital Manula~tur~~§ Associ~ti6fi and th~ ~ational 
:Eiec tfic·al Gone rae tor~ A§.fi~~i·a t.i_Qn: .En.~_tgy_ _ (:()_fi$.\impt!on. in 
CommerG:i)il B-qil,d;i,rig$_ .. ;iJ:i_;,.~lHlad_e,pbj~ 

The N'EMA study was based or1 .a randorrh sample of 50 
office 'buildings in downtown ''Phil-aaelphi·a, representing 
approximately 25 percent of the city is. coininet·cial office 
buildl:ng sLuck. the bt1Ll.dings ex·aifiified were ·classified into 
three groups as follow§: 

(a) 

(b) 

Clas~ A: modetfii~~d, kept up•tb~date, and well 
inaint·aine·d, About ·40 pet¢ent Gf th~ sa_rnple w;as in 
this categ(;)ry. 

Clas~ 8~ ~ell IDfiiht~incd, but ft6t tampletely 
modernized, A9©ut · 5B p~ri2ent ·of 'the sample ~as in 
this ~·a te.gory .. 

(c)· t:t·ass. c:: older, not well maintained. only 2 
per·c'ent {on·e btdldihg} w·as in this category. 

The study rel·at.~d building characteristics to energy 
consump_tl.on; ·Ghar.a'G·te.rist.ic:s s:tuilied included ·ext~nt of 
maintenarrce, 0u'ilding ·age; ·.nu.mt>'er of stories,, oc·cupancy, 
HvA.C · syst~em type, own·er'""o:per·ator o:r ·.re:rfteti, an<;l data processing 
·systefrl's·. NEMA foun-d tJ'l.a:t the majo.r la'Gtors aflecting .energy 
cons·uinpti-on were the ·extent ·and ~type o~r buihH.ng use and the 
p.fesenc'e ·o.r ab:s'€fice t>f coniput~er and thiV:t processing sy·stems. 
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'.5. ORNL Buildings Energx Use Data Book 

Oak Ridge National Laboratory: Buildings Energy Use Data 
Book, Edition l, ORNL-5352 (April 1978) 

bak Ridge Naiional Laboratory: Buildin9s Energy U~e Data 
Book, Edition 2, ORNL-5552 (December 19 9, released June. 
"N80) 

·.The ORNLBuildings Energy Use Data Book.is a compilation 
of residential and commercial energy use data. The basic 
purposes -of this effort are: 

(a) To ~ake s~lected e~isting data available 

(b) To identify ar~as-,where data are .lacking 

(c) To idc=ntifydata inCOf!.Sistenciesand to resolve. 
these where possible. 

the data included in the. Data Book are from secoridary sources 
.only;·none are the results of primary data-gathering efforts 
by ORNL. . 

a. Buildings Energy Use Data Book, Edition l. The 
Data Book, Edi Lion 1 i~ organ.i~ed • .in.to e.igh t. chapters .. 

Chapter.!. presents historical a.nd definitional 
data. Included here are municipal, commercial, and residen­
tial buildingsinventories arid historical consumption trends 
for various fuels. 

Chapt~r 2 discusses appliances by energy so~rce, 
including a comprehensive inventory of household appliances 
artd equipment for heatirig and cooling for th~ r~sidential 
sector. Similar applianc~ and equip~ent data are not avail­
able for the commercial sector. 

A detailed analisis of the effici~ncy r~ting is 
presented in Chapter 3 ·for sever~l of the m~jor appliances. 
Where possible, an attempt is made to give_a sales-weighted 
~fficiency rating for the population of appliances: 

. ' . . . . ' .. 

. Chapter 4 presents,data on demographic trends. and 
indicators. These data include .the number and types of· 
housing units,· the number of households, and population 
variables . 
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Cha~ter 5 examipes,factors which contribute to the 
determination of a building's energy use, such as floorspace 
and the numb£r of stories .. Data on c~rtain specific struc­
tural characteri.!?tics· sqd'). as windo\¥ area,_,are, found to be 
particularly scarce. · · 

Data on economic.iridi~ators'are presented in 
Chapter 6. These data include economic determinants of 
energy use, such· as diqpQ~a~le _income and ... p_ersonal consump-. 
tion expenditures. . · 

Best available aggregate data on 
and fuel type are_presen,ted :i,n Chapter 7. 
data on fuel consumption and PrLcc~. 

energy by sector 
_Included here are 

C~apter 8 contains a ~eview of various existing 
en~rgy-related studies.· The studie9 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 result~ of modeling 
efforts and various estiniatlq:n prgceq1,:q-:;es.- /. 

In addition to these chapters, the Data Book 
includes a tiser's guide aQd a glos$ary. The user's guide 
provides technical e~plg:mat'ory remarks and supportive data. 
The glossary provides definitions o'f ·technical terms and in 
some cases addresses definitional discrepancies by indicating 
reporting organizations. 

. b. Buildings Energy Use Dati Book, Edition 2. The 
Data Book, Editioti 2 .was recently released to the public 
(June.l980). Edition 2 provides an update of Edition l, 
with the addition of new data sources as well as o~ganization 
and evaluation -of the data along the lines of research and 
policy analysis. This r~ference book is. divided into two 
parts: · Part I ( Chapt~rs l through 5) ''Detet·minants. of 
Residential andCommercial Energy Consumption" focuses on 
subject areas affecting energy consumption; Part II (Chapters 
6 through 9) offers "Special Topics in Residential 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 l discusses building stock characteristics, 
including inventories, structural characteristics, and 
thermal characteristics of building envelopes and construc-
tion materials. · · 

. . . 

_Chapter 2 provides data on appliance shipments, 
inventories, efficiencies, and prices. Additional detailed 
data are given on water heaters, room air conditioners, 
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refrigerators and freezers; cooling equipment, clothes 
d,ryers, 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 3to provide information on fuel prices 
and energy sales by geographic region and economic sectot. 
The chapter also addresses· data deficiencies as they might 

.be applied to indicators of natural demand, and inp~ts to 
models and forecasts. 

Chapter 4 ~rovides da~a on demographic and climatic 
variables that affect residential. and commercial energy . 
demand. Included.are total population, household, and loca­
tional demographic data, arid indoor and so~~r climatic data. 

National economic determinants· of residential and 
commercial energy consumption are given in Chapter 5. GNP 
status, personal consumption expenditures,-employment, and 
la.bor fo_rce statistic.s, are· among the variables displayed . 

. . 
Aspe~ts of solar ~nergy are discussed in the 

Specia~ Topics Chapter 6. . This provid~s an overview of . 
solar technology, equipment, materials programs, and progress. 
Emphasis is placed on technologies most appropriate for 
buildings, space condiLioning, 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 alsQ included. · 

Energy consumption in schools and hospitals 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 ele~entary; 
secondary, and higher education facilities .. Health care 
facilities are discusse.d in terms of their unique problems: · 
restrictions on air movementJ ventilation requirements, 
temperature and humidity requirements, and other environment­
al controls. 

Chapter 9 reviews selective aspects of several 
energy studies. Included are: 

J-9 Commercial 



( l ) 

(2) 

I 

Methods for Computing Residential Energy Use 

Saving Energy ·- The Home: Princeton's Ex­
periments at Twin Rivers~ by R.H. Scolow 

(3) Energy Consumption Data Base: the Household 
. Sector, b~ the EIA 

(4) Washington Center for Metropolitan Studies 
Life Styles and Household Energy Use national 
survey 

(5) Fuel Choice and Aggregat~ Demand in the 
Commercial Sector; by s.· Cohn of ORNL 

(6) Model.of Residential 
and Janet Larney o 

(7) ·Commercial Energy Use: A Disagg·regation by 
·Fuel,· Building-Type, and End·Use, by Jerry 
Jackson and William Johnson of ORNL 

(8) 1The Cominercial Demand for Energy: A Disaggre­
·gated Approach, by Jerry Jackson et al., ORNL 

(9) 'National Energy Accounts: Energy Flows in the 
u.s. 
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6. Solar Market Development Model 

See Section K-2 of the Residential Sector of this report. 
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