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PREFACE 

The Committee on Measurement of Energy Consumption was formed in September 
197 5 at the request of the Federal Energy Administration . Its mandate was to 
analyze energy consumption data , to determine their adequacy for public policy 
purposes , and to make recommendations for the collect ion of needed but unavail-
able dat a .  

· · 

It was recognized that the Committee was not formed to resolve the "energy 
crisis . "  Over the last several years , a great deal of attention has been given 
to problems of energy supply--the benefits and costs  of nuclear power , the 
possibilities of substituting coal for oil , the technical and economic feasi
bility of solar power and nuclear fusion as energy sources , the advantages and 
disadvantages of deregulating natural gas , etc . Far less attention has been 
given to issues of energy use in terms of  consumption or demand . It was to 
examine these possibilities that the Committee came into being . 

At the outset , it was the Commit tee's view that its principal focus should 
be on data needed to understand--that is , to model and predict--energy consump
tion patterns in the United States . We recognized that the data needed to 
describe energy consumption were essential to the formulation of  appropriate 
public policies , but that such data would be far from suf ficient . We agreed 
that the principal issues of  public policy are related to data that would per
mit assessment of the impact of policy on energy consumption in the future . 
Thus , the determinants of  energy consumption and whether and to what degree 
public policy can affect them became crucial issues in the Committee ' s  delib
erations ; these issues comprise the bulk of the analysis in this report . 

The reader should recognize that the Committee's task was not to specify 
models of energy consumption in the sense of arriving at judgments about the 
relative importance or responsiveness of price , income , public attitudes , or 
public regulation in the determination of energy consumption . Any committee 
studying issues such as these is necessarily composed of people who approach a 
problem from different perspect ives--economic , physical , mathematical , psycho
logical , sociological , administrative . As a consequence , a set of committee 
recommendations is more likely to represent agreement on factors that are of 
some importance than agreement on which factors are most important or just how 
important particular factors are . 

Moreover , the Committee quite specifically took the view that it was in
appropriate , given its composition and expertise , to deal with the "side 
effects" of energy policy , although we recognize that such ef fects exist and 
may ultimately determine what policy options are adopted . To illustrate : 

vii 
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policies designed to reduce energy consumption by sharply increasing energy 
prices may well be effective in achieving that obj ective , but there may be both 
income d istribution and employment effects associated with such policies that 
make them undes irable . The Committee had neither the expertise nor the time 
to examine all the non-energy consequences and ramifications of possible energy 
consumption policies . Rather , it took as its task the specification o f  types 
of data that would be needed in order to estimate the effect of·poss ible public 
policies on energy consumption without taking any view as to the overall des ir
ability of these policies . This does not mean , of course ,  that members of the 
Committee do not have such views , but simply that this report limits itself to 
recommendat ions on the collection of data that would be essential to shape any 
well-informed public policy on energy consumption . 

Finally , the fact that this report deals with public policy on energy con
sumption data does not by any means suggest that the Committee members feel 
that policy on energy consumption is more important than policy on energy 
supply . As indicated earlier , energy supply issues have been studied exten
sively , and such s tudies will continue . Whether the energy cris is will be 
solved by policies on supply�pr consumption was not of  concern to the Committee; 
rather , we were concerned solely with identification of the kinds of data that 
public policy makers would need if they chose to adopt policies that were de
signed to have impact on energy consumption . That is a limited purpose , but 
an essent ial one . 

The Committee is grateful for the assistance it has received from many 
sources . Many individuals and groups contributed directly and indirectly to 
this report by offering expertise , information , and suggestions . Staf f  from 
many parts of  the federal government and the research community provided data 
and talked with Committee members and staff . The following individuals met 
with Committee members : Robert Borlick , John Curtis , J .  Michael Power , Daniel 
B .  Rathbun , Mark Rodekohr , Gilbert Rodgers , Kenneth Vagts , Daniel Wedderburn , 
and Eric R .  Zausner , from the Federal Energy Administration ; F .  Thomas Sparrow , 
National Science Foundation ; A .  Michael Maher , Energy Conservation Program , 
Department of Commerce ; Alan Pisarski , Department of Transportation ; Thomas V .  
Long , III , University o f  Chicago ; and Bruce Hannon , University o f  Illinois . 
Maurice Owens provided expert liaison for the Committee on National Statistics . 
Several consultants provided assistance to the Committee during the course o f  
the proj ect : Richard Curtin , ·university of  Michigan ; Frank J .  Aless io and 
David B .  Cohen , Criterion Analysis , Dallas , Texas ; Fred D .  Baldwin , Syracuse 
Research Corporation ; Milton F .  Searl , Electric Power Research Inst itute ; and 
Bill Hughes and Joen Greenwood , Charles Rivers Associates . 

The Committee also wishes to thank those persons actively engaged in 
energy modeling who provided thoughtful and detailed responses to a mail ques
tionnaire about energy use data needed for improved modeling and analysis . 
The Committee also wishes to thank the many reviewers of  drafts of the report 
who contributed a number of important suggestions . 

Finally , we wish to acknowledge the assistance o f  the Committee staff  and 
staff o f  the Assembly of Behavioral and Social Sciences of the National Research 
Council . H .  Richard Holt , Study Director , organized the efforts of the Co� 
mittee and the staff and made substantial contributions to the body of the 
report , particularly in the industrial and the commercial/services chapters . 
Lynda T .  Carlson drafted substantive parts of  the commercial/services chapter 
and wrote the appendix on state and local government data ; she ferreted out 
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SUMMARY 

The purpose of  this report is to  identi fy the maj or need s for improved 
data on energy consump t ion, to spec ify the types of data that should be col
lec ted, and to suggest some general met hods of collec t ing and or ganizing these 
data for use in designing and evaluat ing public policy . 

OVERVIEW 

The nat ion ' s  total energy consumpt ion depends collec t ively on millions of 
separa te dec isions and on the social and institut ional s truc tures wi thin which 
these decis ions are made . The use of energy is  deeply rooted in practically 
every aspect o f  contemporary social and economic behavior . Informat ion about 
how energy is used is inherently more d i f f icult to collec t and organize than 
informat ion about how energy is produced . There are several reasons for this : 
mo st energy use decisions are decentralized and highly diverse ; detailed 
records are seldom kep t ; and energy co sts  are a small frac t ion of the total 
costs of many ac t ivities . Accordingly, no single scheme of data classif icat ion 
is likely to be applicable to the many public po lic ies that may a f f ect  how 
energy is used . 

We f ind i t  useful to discuss energy consump t ion in terms of the end users 
in differ ent sectors of the economy : household, industrial, and commercial/ 
service (which includes governments) . Our analys is  is further organized by 
maj or end uses within each economic sector : space cond i t ioning (the heating, 
cooling, and lighting of build ings ) ,  transportation (of both peop le and good s ) ,  
and materials proce ssing . This classificat ion dist inguishes among the d i f
ferent kinds o f  dec is ions that  are made about energy use in each sec tor and 
for each use , the different kinds of informat ion and incent ives that inf luence 
those dec is ions , and the d ifferent types of data needed to des ign public poli
c ies that may influence those decis ions . 

The three maj or uses of energy are not equally important in each sec tor 
of the economy , and they are no t given equal emphasis in the report . In the 
household sec tor, energy is used mainly for transpo rtat ion and for space 
conditioning ; relatively less is used for forms of  materials processing , such 
as cooking food and heat ing water . Household uses of energy are usually asso
c iated with some type of cap ital equipment--a vehicle , a building, or an ap
pliance . In the indust rial sector, energy is used to produce goods and 

1 
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services that are used throughout the economy ; for goods , use is conc entrated 
in the process ing of basic materials--metals , chemicals, paper, and fuels . In 
the commercial / service sector, energy use is concentrated in transportation 
and space condit ioning . This is similar to use in the household sector 
(although wi th consid erably wider variation wi thin the sector) ; the deci sion 
proces ses , however , are similar to those in the indus trial sector . 

For each economic sector and end use , we also distingui sh among three 
broad purposes t o  be served by improved energy consumpt ion data : monitoring 
or describing , modeling, and assessment of  public policies . Monitoring refers 
to descrip t ive time-series data abou t how much energy is consumed , the forms 
in which consump t ion takes place , and the end uses served . Model ing refers 
to the cons truc t ion of statements of relationship s be tween factors that explain 
how and why energy is  consumed ; the data need ed for modeling are generally 
different from those needed for monitoring . Asses sment of public po licy re
quires knowing not only how and why energy consump t ion patterns may change , 
but how tho se changes may affect related aspec ts of the economy . 

Data need ed to monitor and to model energy use are d iscussed in Chapters 
2, 3, and 4 ,  which describe the household , indus trial , and commer c ial/ service 
sec tors respect ively . Data needed fo r assessment of public policies , which 
apply to all sectors of the economy , are discussed in Chap ter 5, in which we 
concentrate on data collec tion method s, espec ially the design of controlled 
and randomized f ield experiment s .  In each o f  the chap t ers , the method s by 
which the necessary data might be collec ted are ind icated . ! 

SUMMARY OF FINDINGS AND RECOMMENDATIONS 

Much of our work concentrates on the data needed to understand the pres ent  
and future pat terns o f  energy consump t ion . Many of our recommendat ions deal 
wi th data need ed to spec i fy the ef fects  of publ ic policy on future energy 
consump tion rather than wi th descrip t ive data on current or historical energy 
consump t ion pat terns . It would be possible , although expensive , to accumulat e  
eno rmous mas ses of data o n  actual energy consump t ion, class ified by every con
ceivable type of user , fuel , and func t ion . But tho se data would be useless 
by themselves , in response to what the Commit tee feels is its princ ipal mandate 
--to make recommendat ions about data needed to guide the formulat ion of energy 
policy over the next several decades . To achieve that  obj ect ive , it is neces
sary to unders tand what determines energy consumpt ion , which in turn requires 
sys tematic explana t ion of the social , behavioral , economic , and technical 
fac tors that influence energy consump tion . 

Given these obj ect ives, better and more detailed data on ac tual energy 
consump t ion pat terns represent a necessary but no t sufficient f irst  step . 
Because of this emphasis , some o f  our recommendat ions call for research rather 

lWbile the Commi t tee ' s  work was in progress, legislat ion was enacted ( such 
as the Energy Pol icy and Conservation Ac t )  that  assigns respons ibi l i ty for 
data collection and analysis to federal and state agencies ; thus, for the 
mos t  part, we have not sp eci fied whic h  governmental agencies should carry out 
the data collect ion act ivities tha t  are discussed here . 
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than for data collect ion op era tions alone, and most  of our recommendat ions con
cern the data needed to unders tand and pred ict  energy consump t ion rather than 
the data needed simply to describe i t .  

The Household Sec tor 

Household purchases of fuel s and elec tricity ac count for about one-third 
of total nat ional energy consump t ion . Data to describe household energy con
sump t ion at highly aggregated levels are generally adequate, but those needed 
to describe and moni tor energy consump t ion by use are insuffic iently detailed . 
Basic benchmarks need to be established for future descrip t ive data collec t ion . 
Spec i f ically , the Commi t tee recommends benchmark surveys o f  the detailed use s 
of energy by app liances and o f  the types and amount s  of fuel s used fo r space 
condit ioning . For monitoring energy use for per sonal transportat ion, we be
lieve tha t  methodolog ical work will  be needed to develop survey research meth
ods for use in combination with physical ins trumentation . 

Data required for modeling energy use in the household sector are seri
ously inadequate, and subs tantial improvement s  are needed for explanatory data 
that relate the social and behavioral charac teristics of households to their 
use of energy for space condit ioning and transporta t ion . The Commi ttee recom
mends a nat ional panel survey of dwelling unit s to measure the int erac tions 
between the physical characteristics of buildings and the soc ial and behavioral 
charac terist ics of the oc cupants .  The Committ ee also recommends that such a 
panel survey obtain data on the technical charac teristics and use pat terns of 
household automobiles . These data should include in format ion about consumer 
expectations of future gasol ine prices and expec tat ions of changes in the tech
nical character ist ics of  vehicles as they may affec t  future automobi le pur
chases . 

For improved model ing of  personal transportat ion, we also recommend that 
two special s tud ies be undertaken . First , a spec ial study is  recommended t o  
determine the sources and magnitude o f  variat ion i n  the fuel eff iciency o f  the 
present stock of  automobiles--variat ions due to design ,  manufac ture , mainten
ance, driver prac tices, and feedback informat ion on fuel effic iency . Second , 
a spec ial study is recommended to investigat e  the fac tors that induce the pur
chase of more fuel-effic ient automobiles and the use of  alternat ive modes of 
transpor tat ion . This second s tudy should includ e int ernat ional comparisons . 

The Indus trial Sec tor 

The industrial sec tor accounts for about 35  percent of the nation ' s total 
energy consump t ion . Of that total , about two- thirds is concentrated in a 

relatively small number o f  large f irms that produce the ba s ic chemicals , 
metals, paper , and fuels used throughout the economy . These industries are 
inherent ly energy int ens ive because they typ ical ly emp loy processes that change 
the chemical or molecular struc tur e of materials . For these energy-intens ive 
indus tries , the Commit t ee recommends that data be collected on both total 
energy consump t ion by fuel type and on energy consump t ion per unit of  product 
outpu t , conc entrat ing on produc t ion processes used by these industrie s  to 
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change the properties o f  mater ials . Because these processes account for such 
a large frac tion of industrial energy use, we recommend that research be ini
tiated to inves tigate the fac tors that influence the choice of alt ernative 
produc t ion processes, including uncertainty about future energy pr ices and 
fuel availabil i ty ,  regulatory pract ices , and the cap i tal need ed to modi fy the 
energy int ens i ty of industrial processes . 

For indus tries whose proces ses are int ermediate or low in energy intensity, 
relatively adequate data are available to describe the energy used by manu
fac tur ing firms , but not the energy used in mining, agr iculture, and construc
tion . In the lat ter industries, we believe that the energy used for trans
portat ion and space condit ioning accounts for more energy than that  used for 
mater ials proces sing , but exis t ing data are not adequa te to determine this . 
For the industr ies with int ermediate or low energy intensity, we recommend a 
benchmark survey to determine the distr ibution of  energy uses among space 
cond i t ioning, transportation, and materials proces sing . We also recommend 
t hat mining , agricul ture, and cons truct ion be included in the Census Bureau ' s  
Annual Survey o f  Manufac tures . 

For the ent ire industrial sec tor, the Commi ttee found significant oppor
tunit ies to reclaim industrial by-produc ts that are now wasted . We recommend 
add itional study of these opportunities , especially to reclaiming waste  heat  
for  use in  space condit ioning or  other lower-t emperature proc esses . 

The Commercial/Service Sec tor 

Energy consumed in the commerc ial / service sec tor accounts for about 20 
percent of the national to tal and is us ed predominant ly for transpo rtat ion 
and space condit ioning of buildings . In contrast to the household and indus
trial sec tors, basic descriptive data for this sec tor are inadequate or do not 
exist . There is no t even a commonly accepted definition of  what is included 
and what is not inc luded in this sector . The Committee has three recommenda
tions for data needed in the commercial/ s ervic e sec tor . Fir s t , we recommend 
that federal agencies--both those that collec t data in this sector and those 
that use these data--undertake a program to standardi ze the definition of the 
sector . Second , we recommend a benchmark survey of commerc ial buildings to 
determine how the energy used for space cond i t ioning is af fec ted by struc tural 
charac teristic s ,  occupant behavior and occupancy pat terns , and the nature and 
extent of internal equipment and appliances . Third , we recommend tha t  data 
about energy used in commercial transportat ion be obtained for cases in which 
shi f t s  from one mode of transportation to ano ther mode may be inf luenced by 
public polic ies and for the unregulated parts  of commercial transportat ion, 
particularly trucking, for which t here are insu fficient data . 

Data Need ed For All Sector s  

I n  the cour se o f  its  work, the Committee exp lor ed several issues that 
apply to all sec tors of the economy : data needed for the assessment of public 
policies ; the use of energy for space cond it ioning ; data about demographic 
changes ; and the quali ty and t imeliness of energy consump t ion data . Pol icy 
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as sessment is d iscussed primarily in Chapter 5; the other issues are discus sed 
throughout the repor t .  

Asse ssment of Public Policies 

Data required for the asses sment of  the ef fec t s  of public policies on 
energy consump t ion are more compl ex than those requ ired for monitoring or 
modeling . Many public policies that c ould have a s ignif icant effec t on U . S .  
energy consump t ion canno t now be properly assessed because there are no obser
vat ions on behavioral responses . For this reason , the Commit tee recommends 
more extens ive use of  controlled and randomized f ield exper iments to study 
the effects of energy policies in all sectors of the economy . Scientif ical ly 
designed f i eld experiments  permit  policies to be tes t ed on a scale large enough 
to produce reliable result s ,  yet small enough so that failures or unant icipated 
resul ts can be tolerated . 

Space Cond i tioning 

Effective energy policy requires substant ially more knowledge than is  
now available about the gross  phys ical charac teristics of build ings and the 
ac tual energy consump t ion characteristics of those build ings . Data are needed 
on a building-by-build ing basi s  for many investment dec i s ions . We recommend 
spec ial s tudies , on a nat ionwide basis , o f  the relation between energy used 
for space conditioning in bu ild ings and the phys ical characteristic s  of  the 
building , the ac t ivit ies o f  the occupants , and the use of equipment and ap
pl iances in the build ing . We fur ther recommend research and development to 
produce energy monitoring instrumentation tha t  is  inexpens ive and easy to use . 

Demographic Data 

The economic ,  soc ial , and energy consequences of demographic changes can 
be very large within the t ime per iods o f  interest to energy policy d ecisions . 
We recommend careful use of d emographic data in energy policy analy sis , especi
ally data that describe fer t ility rat es , household formation , labor force 
par t icipa t ion , and e f fec tive length of the work week . 

Quality and Timel iness o f  Data 

The quality of energy consump tion data is relat ive to the purpose for 
which it is to be used . For each data collec t ion e f for t , a clear spec i ficat ion 
is need ed of how much precis ion , comprehens iveness , and detail is required , 
and how much thi s is  worth , in terms of the engineering , regula tory , or f inan
c ial decision to be mad e . We recommend that presentat ions of energy data be 
accompanied by relatively comp lete descriptions of how, why , when , and where 
the data are collec ted . Descrip t ions should include measures taken to ensur e 
data precis ion and validity . We fur ther recommend a systema t ic review of 
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existing energy data collec tion systems , especially those that now collec t 
data at 5- to lD-year intervals , to identify cost-e f fective opportunities for 
the more frequent collecting and report ing of  data that are of  current policy 
in terest. 
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CHAPTER 1 

MEASURING ENERGY CONSUMPTION 

INTRODUCTION 

S ince the beginning of this century , energy has been p lent iful in the 
United S tates ; its price has declined relative to the price of o ther goods and 
services , and its use has increased as technological developments have made 
possib le many new products and processes . In recent years , however , energy 
supplies have become uncertain , prices have risen , and the environmental impact 
of energy produc tion and consumption practices have become a matter of concern . 
The nation is now making energy policy decisions that will affect internat ional 

' relations , the environment , the economy , and the legacy pas sed on to future 
generations . 

Although prob lems of energy supplies are vexing and technologically com
plex , they are in many ways simpler than those of energy consumption . This is 
because total energy consump tion results from literally millions of individual 
consump tion decisions--decisions that cannot be separated from the social and 
institutional context in which they are made .  Energy use is roo ted in practi
cally every aspect of contemporary social and economic behavior . 

This report  concentrates on the data needed to shape policies that af fect 
energy consumption . It  does not extend to data needed to determine whether 
particular energy consump tion policies are , all things considered , in the 
national interes t .  Although energy consump tion is an important subject ,  it is 
not synonymous with national well-being . Thus , policies with favorable con
sequences for energy consump tion may , on balance , prove to be undesirable for 
other reasons that this report does not exp licitly take into account . For 
example,  policies that have socially desirable consequences for energy con
sumption may have adverse employment affects ; they may have adverse environ
mental impacts ; they may run counter to policies designed to fos ter competition 
among business firms ; or they may alter the prerogatives of s tate or other 
levels of governments . 

Throughout this report ,  the word "energy" is used as a generic term meaning 
fuels , potential fuels , and fuel equivalents such as electric ity and other 
sources of chemical , thermal , or mechanical energy . One can measure the con
sumption of a specific fuel in precise physical unit s  ( e . g . , gasoline measured 
in gallons ) , but one cannot , a priori , measure the amount of energy produced 
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by that fuel or the amount applied to useful work . 1 One can calculate the 
maximum amount of energy theoretically available from the combustion of a fuel 
from a knowledge of its chemical structure , and one can also specify the 
minimum amount of energy theoretically required to perform a specific task 
(e . g . , to raise the temperature of one kilogram of water by one Celsius 
degree) ; in practice , however , measurement of the energy used in specif ic 
processes requires detailed thermodynamic analysis of those processes to 
determine how much is actually used . 

OBJECTIVES 

Improved energy consump tion data are needed for several purposes . First ,  
data are needed to describe and monitor energy consumption . Second , data are 
needed to model and predic t changes in patterns of energy use , both short-term 
and long-term . Third , data are needed to assess the effects of policy changes . 
All three func tions--monitoring , modeling , and assessment--involve the collec
t ion and analys is of data . Each function requires different types of data , 
and those data are further differentiated by the needs of data users--individ
uals , firms , or governmental agencies at the local , s tate , or national level . 

Describ ing and Monitoring Energy Consumption 

Accurate descrip tion of energy consumption patterns is basic to the for
mulation and implementation of effec t ive policies . Monitoring energy consump
tion provides information about the to tal amount of energy consumed , the forms 
in which energy is consumed , and the end uses served . Moreover , monitoring 
implies cont inuous or repeated measurement , so that information is provided 
about both the rate of energy consumption at specified times and changes in 
the rate of consump tion from one time to another . Such data can be used to 
describe what happens to actual rates of energy consumption over time . 

The limitat ions of monitoring for purposes of policy making are inherent 
in its all- inclusiveness : monitoring data reflect all the fac tors that influ
ence energy consumption . The changes in energy consumption from one monitored 
time to ano ther incorporate the effec ts of old policies as well as recent ones , 
changes in supplies and prices , public information about energy stocks and 
future trends , and many other ins titutional , social , and economic factors that 
inf luence energy consumption . 

Modeling Energy Consump t ion 

Policy makers mus t  be aware of changes in consump tion , but they require a 
more comp lex kind of informa t ion as well--information that helps to explain 
the cause of such changes . The purpose of explanation , in contras t to 

luseful work is that fraction of total work that can be delivered to 
things other than the system and its surroundings . The upper limi t  for such 
useful work is measured by the decrease in the Gibbs function of a reversib le , 
isothermal , cons tant pres sure , non-flow process . 
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descrip tion, is accomplished by the various analytic procedures called modeling . 
To model something is to identify its maj or causes and show how each of them 
enters into the processes that affect the outcomes . 

Models of energy use are devices--such as s tatements of s tatistical rela
tionships , mathematical functions , physical or engineering relationships , and 
the like--for explaining the factors that have affected energy consumption in 
the past and may determine future consumption under various possible circum
stances . A model of energy consumption for the household sector , for example , 
would be based on analyses of how housing characteristics , appliance stocks , 
income levels , household composition , and energy prices affec t household con
sumption of various forms of energy . Such a model could generate es timates of 
how changes in energy prices or subs idies for the replacement of existing 
appliance stocks would affect consump tion . 

Empirical models of energy consumption can provide explanations and even 
es timates of the effects of public policies , but models are always simplified 
versions of reality and their estimates are subj ect to error . Unanticipated 
events or forces not incorporated into a model may substantially weaken its 
ability to mimic real processes . Policy outcomes typically remain problematic 
to some degree , even when a model has apparently predicted or explained them . 

Assessment of Energy Policy 

Responsible policy assessment requires knowing not only how and why pat
terns of energy consumption change , but also how those changes may affect other 
economic ,  social , and institutional aspec ts of national life . Not all assess
ment ac tivities require the collec tion of data different from those needed for 
monitoring and modeling : a good monitoring system can sometimes be used to 
assess changes resul ting from a given policy , using statis tical procedures to 
isolate the effects of the policy from the effects of other factors ; and data 
collected for modeling are often useful for assess ing the effec ts of policies . 
However , some assessment ac tivities require collecting different kinds of data , 
both experimental and non-experimental . 

The cos ts of implementing some proposed policies , the almost inevitable 
uncertainties and disagreements about their effectiveness , and the difficulty 
of identifying their specific effec ts contribute to the importance of controlled 
and randomiz ed field experiments as a tool for policy assessment . Such experi
ments can be considered extensions of modeling ; they tes t models and provide 
empir ical es timates of the parameters of models . More importantly , they permi t 
the tes ting and evaluation of policies on a relat ively small scale--a scale on 
which failure or unexpected results can be tolerated and the information gained 
can be used to improve both models and policies . 

ANALYTIC FRAMEWORK 

In carrying out its work , the Committee found it useful to organize its 
analysis of energy consumption by three maj or categories : consuming sector , 
end use , and analytic approach . The consuming sectors correspond to three 
broadly defined economic sectors--household ; indus tria l ;  and commerc ial/ service , 
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which includes a wide diversity of activities from government ( including the 
military) to educa tion and retailing . The end uses are broadly defined as 
transportation (of both people and goods) , space condit ioning ( the heating , 
lighting , and air conditioning of buildings ) ,  and materials processing . The 
two analytic approaches are the direc t ,  or stocks-and-flows , approach and the 
indirec t ,  or embodied-energy , approach . This classification exists within the 
larger context of ins titutional practices , which also s trongly affect how 
energy is used in this country . This analytic framework is illustrated 
schematically in Figure 1 .  

The Commit tee ' s  analysis of energy consumption measurement begins with a 
description of energy use in the United States in 1970 . Table 1 shows the 
maj or uses of energy (at a highly aggregated level) by economic sector , end 
use , and fuel type . Electricity is shown as both a source of energy and a 
consumer , wi th direct fuel use by elec tric utilities set off by parentheses to 
avoid double counting . The fuel equivalents of electricity have been assigned 
to end uses in the household , indus trial , and commercial/service sectors . 
Tab le 1 also shows "o ther" uses , such as exports and feedstocks (i . e . , fuels 
used for non-fuel purposes ) ,  that we are unable to allocate accurately to 
economic sectors . The es timates in this table have been assembled from several 
sources that are neither directly comparab le nor in complete agreement . Thus , 
the numbers should be interpreted as illustrations of relative consumption , 
which the Committee believes are probably accurate within 10 percent . 

Mos t of the Commit tee ' s  work is based on the three economic sectors and end 
uses that collectively account for about 88 percent of the nation ' s  total energy 
consumption . The next three chapters of the report examine the data needed for 
monitoring and modeling energy consumption in the household , industrial , and 
commercial/service sectors . In each chapter , the report concentrates on those 
end uses mos t important in that sector and the analytic approach (direct or 
indirect)  most  appropriate to that sector and end use . The final chapter of 
the report examines the da ta needed for the assessment of public policy across 
all sectors and end uses , emphasizing experimental methods of  data collection . 

Economic Sec tors 

The organization of this report by economic sector results from the differ
ent orientations to decision making that characterize the sec tors . The indus
trial sector is made up primarily of firms organized to provide goods and ser
vices at a profit . The decisions of these firms can be expected to be s trongly 
influenced by economic criteria and to be sensitive to policies that af fect 
energy prices and supply availability , particularly as they affect operat ing 
and capital cos ts . Decis ions in the commercial/ service sector , which includes 
pub lic and nonprofit organizations , educational institutions , and governmental 
agencies as well as retail and service businesses , are influenced by economic 
criteria but may be subj ect to other important influences as well . Energy use 
in households is of  course related to economic factors but is also influenced 
by the less tangib le needs and satis factions associated with daily living . 
Decisions about energy use in households are highly decentralized and subj ect 
to widely varying sources and quality of information ; thus , it is difficult to 
model or anticipate the effects of public policy in the household sec tor . 
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TABLE 1 Estimated Percentage of Energy Use by Economic Sector and 
End Use ( 1970)  

Economic Sec tor Natural Electricity 
Major End Use Petroleum Gas (Fuel Equiv . )  Coal Total 

Household sector 
Transportation 15 . 5  __ a 15 . 5  
Space conditioningb 4 . 0  4 . 7  1 . 4  10 . 1  
Other 0 . 3  2 . 0  4 . 7  6 . 9  
TOTAL 19 . 8  6 . 7  6 . 1  3 2 . 5  

Indus trial sectorc 

Materials mod ificationd 4 . 7 13 . 6  10 . 2  7 . 2  35 . 9  

Commercial/Service sector 
Transportation 7 . 0  0 . 3  7 . 3  
Space conditioning 2 . 2  2 . 5  1 . 6  0 . 6  6 . 9  
Other 0 . 9  1. 3 3 . 7  5 . 3  
TOTAL 10 . 1  4 . 1 4 . 7  0 . 6  19 . 5 

TOTAL : ECONOMIC SECTORS 34 . 6 24 . 4  21 . 0  7 . 8  87 . 9  

Electric utilities ( 2 . 9 )
e 

( 5 . 6 ) ( 10 . 9 ) ( 2l . O ) f 

Other 
(Expor ts , feeds tocks , etc . )  5 . 6  3 . 9  2 . 7 12 . 1  

TOTAL 40 . 2  28 . 3  21 . 0  10 . 5  100 . 0  

SOURCE: Es timates derived from : Earl Cook ( 19 7 3 ) ; sectoral and functional 
allocations es timated from Penner and Icerman ( 1974)  and Stanford Research 
Ins titute ( 1 9 7 2 ) . Totals may not add because of rounding . 

&/ Denotes value less than 0 . 1 . 
b /Includes multiple-family dwellings . 
c/ Includes agriculture , mining , manufacturing , and construc tion . 
d / Data on transportation and space conditioning in the indus trial sector are 
not availab le separa tely . Transportation in the industrial sector has been 
included , to the extent possib le ,  in the commercial/service sector . Space 
conditioning in the industrial sector is included with materials modification 
processes . 
e/Set off in parentheses to avoid double counting . 
f/Approximately 1 . 6 percent of all energy derived from nuclear , hydro , and 
geothermal sources in 19 70  is not shown . 
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For each sector , the Committee concentrates on data about the maj or uses 
of energy . In the household sector , which accounts for almost one-third of 
the nation ' s  total direct energy consumption , energy is used primarily for 
transportation and for space conditioning ; relatively less is used for materials 
process ing such as cooking food and heating water . In the indus trial sector , 
which accounts for more than one-third of total consumption , a small number of 
energy-intensive basic p rocessing industries use most of the energy ; relatively 
small proportions of energy are used for transportation and space conditioning 
in this sector . In the commercial /service sector , which accounts for almost 
one-fifth of total consumption , transportation and space conditioning account 
for more than two-thirds of the energy used . 

End Uses 

The broad end-use categories employed in this report are transportation , 
space conditioning , and materials processing . As shown in Table 1 ,  each of 
these end uses has a different importance in each sector and each of these 
uses is subj ect to different varia tion within each sector . These factors 
influence the kinds of data and the methods of collection that may be useful 
for monitoring or modeling energy consump tion . 

Analytic Approaches 

Two maj or approaches to energy consumption analysis provide insight into 
policy options . One approach concentrates upon the direct use of fuels (or 
elec tr icity) to perform some function . This approach emphasizes the inventory 
of energy-using equipment ,  its physical characteristics , and its rates of use , 
and is sometimes referred to as the stocks-and-flows approach . Information 
about energy-using equipment and its use permits es timation of the potential 
for changes in the stock ,  either by retrofitting2 or rep lacing existing stock .  
The other approach concentrates on the use of energy a s  embodied in various 
final goods or services in the process of their production and delivery-
sometimes referred to as the embodied-energy approach . 

S tocks-and-Flows Approach 

�xcept for its use as feedstocks , energy is always used in conj unct ion 
with some type of equipment (or structure) .  Without light bulbs , washing 
machines , automobiles , furnaces , or drill presses , energy in the form of elec
tricity or fuel would not produce results . Since energy mus t be used in con
j unction with equipment ,  energy consumption can be monitored and modeled by 

2Retrofit is a term used to des cribe the process by which an existing 
vehicle , s tructure , appliance , or other item of equipment is modified to reduce 
its use of energy (e . g . , insulation , radial tires , etc. ) .  
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s tudying the relation between the stock of energy-using equipment and the flow 
of energy through this stock . Using this approach , energy consumption is 
related to : (a) the to tal size of the stock of all types of energy-using 
equipment ;  (b) the energy-consumption characterist ics of that s tock ; and ( c )  
the rate at which each p iece of equipment i s  used over time . 

Changes in the rate of use of exis ting equipment , while technically possi
ble , are not easily accomplished . While electric lights can be turned off or 
unplugged , heating or cooling sys tems can be affected by dialing a thermostat 
up or down , and automobiles can be driven fewer miles , very little is known 
about the social or behavioral factors that may lead to such changes . Signifi 
cant changes in rates of use seem t o  b e  less permanent than changes in stocks 
of equipment , so that significant long-run changes in energy consumption wil l  
depend mainly on changes in the energy-consumption characteris tics of the 
s tock of equipment and s tructures . 

Embodied-Energy Approach 

An alternative approach to analyzing energy consumption is in terms of 
embodied energy : energy as an at tribute of the production and dis tribution of 
goods and services . A suit of clothes , a drill press , or a haircut require 
energy to be produced . For an item like a suit of clothing , energy is used t o  
produce the raw materials for the fabric ; t o  manufacture , shape , and fashion 
the fabric ; to transport the clothing from the manufacturer to the wholesaler 
to the retailer ; and to operate the retail s tore (to heat and cool the building, 
to operate the cash regis ter , and to run the elevators)  in which the suit is 
sold . In short , one can think of a c omp lex series of energy flows assoc iated 
with a product in the same way as the final cost is associated with all the 
direct and indirect costs of producing that produc t .  

Usefulness o f  Alternative Analytic Approaches 

The stocks-and-flows and the embodied-energy approaches can both be used 
to account for total energy consump tion . Which is more use ful from the point 
of view of monitoring and modeling energy consumption? The answer depends in 
part on whether technological change is more likely to occur at the end-produc t 
s tage or the basic processing s tage and in part on what kinds of policies are 
being considered . 

In the household sector , the most useful way to analyze energy consumption 
is by using a stocks-and-flows approach ,  concentrating on the energy use 
assoc iated with the size , distribution , and energy-using characteris tics of 
equipment and its rates of use . This approach dist inguishes between equipment 
that is relatively long-lived ( such as houses ) , for which retrofitting policies 
are important , and equipment that is relat ively short-lived ( such as auto
mobiles)  for which both retrofitting and stock replacement are important . As 
detailed in Chapter 2 ,  many of the needed data are available , although some of 
the mos t  crucial pieces of information needed to model behavior are not cur
rently collec ted . Household energy consumption is examined as a function of 
the fac tors determining rates of use and , more importantly , as a function of 
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the factors determining changes in the amount ,  dis tribution , and energy
consumption characterist ics of equipment owned by households . 

In the industrial sector , the embodied-energy approach seems more useful 
for purposes of energy policy than the stocks-and-flows approach . The main 
elements of energy consumption in the industrial sector are in the transforma
tion of raw materials into semi-finished produc ts that are further processed or 
sold else where in the economy . The embodied-energy approach highlights the 
characteris t ics of the processes and materials used to produce basic industrial 
products . As detailed in Chapter 3 ,  our recommendations for data collection 
concern industrial processing technology , rather than consumer demand for final 
goods because it  is our view that alternative ma terials process ing technologies 
offer the mos t  likely way of modifying energy use in the indus trial sector . 

In the commercial/service sector , discussed in Chapter 4 ,  the relative 
usefulness of the two analytic approaches is not as clear . The maj or functional 
uses of energy ( transportation and space conditioning) are similar to those in 
the household sector , although the range of variation in buildings and vehicles 
is much wider ; the decision processes , however , are similar to those in the 
industrial sector . Thus , the data needed to monitor and model energy consump
tion in the commercial/service sec tor are similar , in par t ,  to the data needed 
for space conditioning and transportation in the household sector : data on the 
size and type of structures , t ype of space conditioning equipment , and size of 
stock and energy-consumption characteristics of vehicles ; however , the sector 
also includes a wide range of services (hospitals , res taurants , laundries , 
etc . ) , for which an embodied-energy approach may be more applicable . 

Each of these approaches offers different insights into the measurement of 
energy consump tion ,  providing dis tinct information about opportunities , limits , 
and broad implications of change in energy policy . The report concentrates on 
those combinations of economic sector , end use , and analytic approach for which 
improved data are mos t needed . 

Ins titutional Practices 

Patterns of energy use are heavily influenced by a variety of institutional 
factors , including present government policy . Analysis of energy consumption 
data that  are relevant to public policy must  consider these ins titutional fac
tors because they account for a substantial amount of both present and future 
variation in energy consumption . 

There is  a tendency to treat institutional practices as preconditions or 
fixed parameters in studying energy consumption , but they are ,  in some ways , 
much like the stock of  equipment : they evolved in a time of cheaper and more 
plentiful energy and are difficult to change rapid ly in the short run . Clearly , 
such prac tices should be subj ect to reevaluation in an era of  more expensive 
energy and of concern about the broader societal implications of present levels 
of energy use . 

The influence of present ins titutional practices on current patterns of 
energy consumption is pervasive , but our s tudy suggests that a varie ty of 
alternatives can be considered . Because these practices developed under 
fairly consistent supply and price conditions in the nation , it is often 
diff icult to find significant variation within the United S tates . For this 

Copyright © National Academy of Sciences. All r ights reserved.

Energy Consumption Measurement:  Data Needs for Public Policy
http://www.nap.edu/catalog.php?record_id=20318

http://www.nap.edu/catalog.php?record_id=20318


16  

reason , alternative practices are often bes t s tudied by international comparison 
and field experimentation . 

HUMAN AND TECHNOLOGICAL INTERACTION 

Energy consumption involves interaction between technological and human 
fac tors . The achievement of what people and societies may want is limited b y  
technological possibilities , j ust  as the application o f  what i s  technologically 
possible in the laboratory is limited b y  human factors . 

One of the most striking recent examples of the nature of  the interaction 
between technological and human factors is the Green Revolut ion , which was 
supposed to alleviate the world's food prob lems through genetic changes in 
basic grain crops and different methods of p lanting and fertilization . Although 
increases in grain production currently provide the difference between starva
tion and caloric sufficiency for many people , those increases have been onl y  a 
small frac tion of the proj ec tions made by many responsible s cientists and 
policy makers . The difference between the theoretical potential and the ac tual 
achievement has been attributed to miscalculation of the effects of natural 
field conditions compared to tes t plots , capital constraints of various kinds , 
poor dis tribution of information on cultivation techniques , and the fact  that 
farmers and others involved have goals and prob lems other than increasing p ro 
duc tion . These  latter , o f  course , include pressures for the maintenance of 
advantaged social  and economic positions . The technologist-planner's assump t ion 
that it  should be pos sible to make the world approximate the laboratory clashed 
with the view that life in general is more impor tant than production in partic
ular , creating the gap between potential and achievement . Abstract technologica l  
potential i s  properly constrained by human goals , j us t  a s  human desires are 
often cons trained by technological realities . 

Individuals differ in their basic beliefs about the interact ion of human 
and technological factors--about the roles of technology , economics ,  political 
processes , and human behavior . The members of the Committee , like other 
individuals , differ in their beliefs : 

• Some think that technological innovations will permit produc
tion of the same amount of energy-dependent goods and services 
wi th less energy . 

• Some think that improved information will al ter the attitudes , 
habits , and customs that cause the present inefficient energy 
consump tion by individuals . 

• Some think that institutional practices that inhibit  efficient 
and socially responsib le management of energy resources will 
be changed by policy .  

• Some think that higher energy prices wil l  induce consumers 
and producers to find ways to modify their energy consump t ion . 
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These differences , however , do  no t affect the Committee's agreement on specifi
cation of energy consump tion data needed to formulate effective and appropriate 
pub lic policy . Energy consumption data , especially those needed for modeling 
change and for assessing the effects of energy polic ies , must  cover all the 
factors if it is to be adequately informative to policy makers . 

DATA QUALITY AND TIMELINESS :  FINDINGS AND RECOMMENDATIONS 

Throughout our work , we have been concerned with the quality and timeli
ness of data , both those pres ently availab le and those to be collected . The 
value of data to policy makers is severely diminished if the data are not good 
or not available when polic y  makers need them . 

Energy Consumption Data Systems 

Finding. Data quality cannot be specified in the abs trac t ; it  is a rela
tive measure , relative to the purpose for which data are used . S ince such 
purposes vary widely , no single standard of quality is likely to be applicab le 
in all cases . Increased precision of data can usually be obtained only at 
higher costs , i . e . , reducing sampling variance b y increasing sample size or by 
more extens ive or cost ly data collec tion procedures . Increased scope or 
increased detail can similarly be obtained by more extens ive effort in data 
collection . What is needed for each effort is a clear specificat ion of how 
much precision , scope , and detail are required and how much higher levels of 
precision , scope , and detail are worth in terms of the engineering , regulatory , 
or financial decision to be made . 

Recommendation . The Committee recommends that presentations of energy 

data be accompanied by a relatively complete description of how data were 

collected, including, as appropriate, sampling frame, sample design, estimates 

of sampling variability, non-response rates, forms of questionnaires used, 

validation methods, and characteristics of sources. Such a description would 

facilitate evaluation of the quality of the data for each specific purpose or 

application. 

The Committee further recommends that the design of each energy consump

tion data system include a clear specification of the purpose for which it is 

intended, a description of the completeness of its coverage, and estimates of 

non-sampling errors. Estimates of data precision can be obtained by a variety 

of techniques, including small-scale replication, independent cross-checks by 

alternative data acquisition methods, and audit and verification of data 

subsets. 

Timeliness 

Finding.  Data have time value . For some purposes ,  preliminary es timates 
( with stated confidence limits ) that are available quickly have greater value 
than more polished data availab le two years later . The t imeliness of  da ta is 
best measured by the extent to which it meets the schedule of decisions for 
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which it  was or iginally collected . National enumerative energy s tatistic s , 
developed according to an earlier set of decision criteria , are now sometimes 
expected to meet shorter decision schedules . 

Recommendation . The Committee recommends that existing energy consumption 

data systems be systematically reviewed to identify opportunities for selective 

advance publication of material. The Committee recommends a review of systems 

that now collect data at 5- to 10-year intervals to identify cost-effective 
opportunities for more frequent reporting of those subsets of the data that are 

or more immediate policy interest. 
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CHAPTER 2 

HOUSEHOLD USES OF ENERGY 

INTRODUCTION 

Households consume , either direc t ly or indirectly , about two-third s of  
all  energy used in this country : about one-third o f  all  energy is used di
rectly through the purchase of fuels and elec tricity ,  and roughly ano ther one
third of the nat ional total is used indirectly through the energy embodied in 
the purchase of goods and services for per sonal use . The remainder of U . S .  
total energy consumpt ion (see Table 1) is attributable to ca pital format ion , 
export s ,  or public goods , such as education and nat ional defense (see Ford 
Foundat ion 1974 , Bullard et al . 19 75 ) . 

This chapter di scusses the da ta needed to measure the direct us e of energy 
by households for s pace condit ioning in structures , energy uses associa ted wi th 
household appliances and ho t water heat ing , and energy used for per sonal  trans
portation . Table 2 (exc erpted from Table 1) shows the est imated distribut ion 
of energy for maj or purposes in the household sector . 

TABLE 2 Estimat ed Percentage of Energy Consumption by End Use 
in the Househo ld Sector ( 197 0) 

End Use 

Transpor tation 
Heat ing , c ool ing , light ing 
Other 

TOTAL 

Percentage of 
National Total 

15 . 5  
10 . 1  

6 . 9 

3 2 . 5  

Per centage of 
Househo ld Sector 

4 7 . 7 
31 . 1 
21. 1 

100 . 0 

The househo ld sector is  important in an analys is of  U . S .  energy consump
t ion as a direct consumer of energy . In the j udgment of the Committee , house
hold energy consumption can be modi fied by a var iety of energy conservat ion 
policies tha t could be adopt ed at the federal , s tat e ,  and local levels . In 
contrast , energy consumption in the industrial and commercial sectors of the 
economy are likely to be more sens it ive to policies that influence ei ther the 
price of energy or the regulatory environment in which business decis ions are 
made . 

19 
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Energy consump t ion data requirements f or the household sec tor can be c las
sified under two general headings : (1) data required to describe and measure 
the amount of energy consumed and ( 2 )  data required to model and explain the 
amount of energy consumed . Data need ed to evaluate the effects of publ ic 
policy const itute a separate category , which is discussed in Chap ter 5 .  

Measuring the amount o f  energy consumed means j us t  that : collecting data 
on the number o f  kilowatt-hours (kwh) of elec tricity , cubic feet of natural 
gas , and gallons of motor gasoline and fuel oil consumed--in suf ficient detail 
to account for important var iat ions within categories , such as those due to 
local or regional differences . On the other hand ,  explain ing the amount of  
energy consumed in the household sector requires the data necessary to  answer 
such ques tions as : 

• What would be the e f fect on the amount of  energy consumed 
in the household sec tor between the present and 1 985 : 
-- if  per capi ta personal disposable income grew ( in 

real terms ) 2 . 5 percent per year ? 
-- if energy prices increased relative to the pr ices 

of other goods at the rat e  of 5 percent per year ? 

• What would be the ef fec t  on the amount of elec tric ity 
consumed if the price of natural gas were decontrolled ? 

• What would be the ef fec t on hous eholds in the lower 
quart ile of the income distribution if  the price of 
gasol ine were increased to $1 per gallon? 

• What would be the ef fec t on the amount of el ectric i ty 
consumed if seasonal t ime-o f-day tariffs  were imple
mented in the sale of electric i ty?  

• How might household s change their use  of  app l iances 
if they knew the ac tual energy costs of operat ing them? 

• How might motorists adj us t their driv ing speeds if their 
cars were fit ted wi th a gauge that ins tantaneously showed 
gas mileage?  

• To what extent would households retrofit  their homes i f  
they knew the costs and bene fits o f  doing so ? 

Answering such questions requires other informat ion bes ides the physical 
amount s of  energy consumed . Information is also need ed on the factors that 
determine the amount of energy consumed (e . g . , prices of fuels and elec tricity , 
prices of other goods , consumers ' incomes , and s tocks of energy-consuming cap i
tal equipment ) as well as a framework to organize and interpre t data . 
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MEASURING HOUSEHOLD ENERGY CONSUMPTION 

The direc t consump t ion of energy by households is related to several fac
tors , each of  which entails dif ferent approaches to measurement : 

• The soc ial and ins titut ional frameworks that encompass con
straints on decisions s temming from legal regulat ions , for 
example , speed limits or building codes , and commonly shared 
norms or social and cul tural conventions , such as the range 
of interior tempera ture of homes or the ownership pattern for 
hous ehold appliances and automobiles (Newman and Day 1 9 7 5 ) . 

• Demographic and socioeconomic charac ter is t ics of the popu
lat ion , including distribut ion of famil ies by age of head , 
family size  and compos it ion , and location of res idence and 
place of work . 

• Economic and financ ial factors , including current and expec ted 
prices of energy and s tocks of energy-consuming equipment , 
income o f  the household , tax and subsidy rates , and f inancial 
incentives (or disincentives ) arising from type of housing 
tenure .  

• Fac tors af fec t ing the "energy balance" o f  the res idence , in
c lud ing such physical charac teris tics as size and in terior 
layout of the structure , type and quality of cons truc tion , 
the amount , e f f ic iency , and rates of  use o f  energy-using 
equipment located in the residence , and wea ther and other 
environmental factors that account for regional var iat ion 
(see , for example , Snell et al . 1 9 7 6 ) . Such fac tors inc lude 
technical aspects , for example , degree of maintenance and 
engineer ing design , which af fec t  the ef f iciency wi th which 
energy inputs are converted into outputs . 

The se four group s of  factors , individually and wi th interac t ions , deter
mine the d irect consumption of energy by households . However , we  have little 
firm informat ion on which to base j udgments about the relative importance of 
the factors or of  the speci f ic variables in each group . These fac tor s in
f luence the energy use of households primar ily through two types o f  dec isions : 
(1 )  decisions that determine the size , compos it ion , and energy-consuming 
charac teristics  of stocks of vehicle s ,  equipment , appliances , and resident ial 
struc tures owned and us ed by households ; and ( 2 )  dec i sions that determine the 
rates of  use of these stocks . 

Short-run varia t ions in the amount of ener gy consumed arise primarily 
through var ia tion in the use rates of the exis ting s tock of energy-consuming 
equipmen t ;  the size and compos i tion o f  the stock canno t be changed quickly . 
The energy-consump tion charac teris tics o f  the equipment cart be changed only 
by modi fying ei ther the stock itself or the struc tur e wi thin which the equ ip
ment is housed . S inc e these type s o f  adj ustment s take t ime and money to ac
complish , var iations in use rates are important to the und ers tanding of shor t-
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term changes in patterns of energy consumpt ion among household s .  In the long 
run , however ,  changes in the s ize , composition , and energy-consump t ion charac
teris tics of the stock of equipment and struc tures and their reg ional varia tions 
become crucial fac tors . 

Changes in rates of  us e generally are reversible , whi le changes in the 
size or energy-consump t ion charac t erist ics of  the equipment stock tend to be 
irreversible . For example , energy use can be reduced by dr iving fewer miles , 
turning thermostats down in the winter (Pilati 1 9 7 5a) , or us ing less hot wa t er . 
However , backsliding on adj ustments of this type  is easy and evidently common , 
once the urgency to conserve energy appears to diminish . In contras t ,  the ac
quisit ion of a more fuel-ef fic ient vehicle ,  installation of storm windows and 
insulat ion , and the el imination of pilot lights from furnaces or ovens are 
ac t ions tha t are unlikely to be reversed , even if  the importance of energy 
conservation fades in people ' s  minds . 

Soc ial and Ins t i tutional Fac tors 

The role of public unders tanding and attitudes in determining the demand 
for energy is illus trated by two simple propositions : ( 1 )  people cannot react 
to what they do no t know and ( 2 )  the behavior of one consumer is determined 
partly by the act ions of other consumers . 

Consumer knowledge about energy cost of  various items of household equip
ment or appl iances provides an illus trat ion of the f irst  proposition . Bil l s  
that consumers rece ive do no t ind icat e the c o s t  o f  running a refrigerator , a 
televi sion set , or any o ther specific appliance ; rather , the bills provide 
consumers with only the total cost of  us ing electricity , natural gas , or 
pe troleum for their part icular combination of appliances using that par ticular 
type of energy . Thus , rational dec isions about minimizing the total cos t  of 
using a particular appl ianc e are dif f icult , if not impossible , sinc e consumers 
canno t calculate the cost of the appliance over its  lifetime . 

A similar situation exists for energy used in space conditioning . While 
most consumers know the total energy cos t of heating and cool ing , they are 
unlikely to know the cos t of changing the e f f iciency of energy use for heating 
and cooling . Moreover , in the case o f  vehicles , drivers know the price of 
gasoline , but in general .they do not know how much gasol ine consump t ion is 
reduced by driving 30 or 50 miles per hour , or the cos t /benefit  ratio for 
engine tune-ups , becaus e the observable var iable is price per gallon , but the 
relevant var iable is cos t  per mile traveled . ! 

A variety o f  feedback experiments on household energy-consump t ion informa
tion is current ly in progress . These experiments are designed to provide in
format ion on an individual household leve l .  One exper iment in New Jer sey found 
that when household s were provided with this type of informa t ion on their energy 
use , they reduced their consump t ion by an average of about 8 perc ent (Seligman 
and Darley 1 9 7 6 ) . 

l"Giving Househo lds Feedback on Energy Consump t ion , "  a paper prepared for 
the Commi ttee by Fred D .  Baldwin of the Syracuse Res earch Corporat ion , provides 
a discuss ion of  feedback experiments related to such si tuations . 
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The second proposition relates to the role o f  soc ial mores , habits , and 
practices that determine household energy use pat terns . Energy-use pract ices 
tend to be deeply ingrained in existing hab its and styles of l iv ing , partic
ularly in practices that af fect the use of energy for spac e conditioning in 
s tructure s and the use of energy for personal transportation . Many Americans 
have preferred to buy detached dwellings in suburban settings , with little 
regard for the energy imp licat ions of that choic e .  Such a choic e i s  cons istent 
with low energy prices and plentiful supplies , but when energy prices are high 
and rising and supplies are no longer plentiful or ensur ed , that choice may · 
change . 

Regarding personal transporta tion , the is sue is once again the speed o f  
adj us tment t o  changed economic circumstances . The present stock of cars , 
indeed the entire transportation sys tem in the Uni t ed States , reflec ts  the 
hi storically low price of energy . As the charac teristic s  of the vehicle stock 
change in response to price and other pressures , those changes may reflect the 
soc ial approval or d isapproval associated wi th fuel-ineffic ient vehicles . 

Ins ti tu tional practices also inf luence energy use for space condi tioning . 
Almos t all cons truc tion in thi s count ry is subj ect  to build ing codes that were 
fashioned when the supply of energy was cheap and plenti ful . The building 
codes appropriate for high-pr iced energy are obviously differ ent from those 
appropriate in the pas t , but modificat ion of such regulat ions is a time
consuming process . 2 Moreover , the nature of the marke ts fo r fuel oil and 
elec tricity , for example , is inherent ly different . Data used to describe the 
use of fuel oil for home heating are decentralized and rarely collected , 
whereas data used to describe the use of  elec tric i ty are highly centralized 
and theoret ically available in real time . 

Other inst i tutional prac t ices that influence energy use for space con
ditioning relate to differences  between tenant s  and owners in their sens itivity 
to energy price changes .  For example , tenants who do no t have to pay utility 
bills have little economic incent ive to modi fy energy consump t ion ; landlord s 
who do pay the bill have incentive but o ften have no ef fec t ive way to exercise 
control . Even tenant s who do pay their util i ty bil l s  may be reluctant to 
modify the hous ing struc ture , simply because they do not expect to be l iving 
in the same place long enough to obtain the financ ial benefits . In addition , 
landlords o f  such buildings have l i ttle incent ive to insulate or install storm 
windows , because they do no t pay the heat ing bills . 

S imilarly , tenant s who rent apartment s ordinarily pay commerc ial rather 
than residential rates for energy use , becaus e a s ingle meter is usually us ed 
for mul tiple-family dwellings . These rates are generally lower than res ident ial 
rates , so both tenants  and landlords in apartment buildings may lack the in
c entive to invest . in energy-saving improvement s  ( see Midwest  Research Ins t itute 
197 5 )  0 

2"Regulat ion and Energy Consumpt ion" a paper prepared for the Committee 
by Charles River Assoc iates provides a discus sion o f  thi s subj ect . 
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Demographic Fac tors 

Understanding energy demand requires analysis of  the demographic compo s i
t io n  o f  households . The principal effect of  demographic compos i t ion probably 
tends to work through the charac teristics of  the househo ld stocks of equip
ment and their use pat terns . Thus , to predict changes in the s ize and compos i
t ion of the vehicle and housing stocks , changes in demographic compo sition are 
likely to be imp ortant . 

Small families have energy-consump tion habits that dif f er in important 
ways from tho se of large families , and the habits of families wi th children 
dif fer from those  of  families without children . According to Bureau of  Labor 
S tatistic s  data , for example , two-per son househo ld s spent sl ightly more per 
capita for gaso line than s ingle-person households and almost  twic e as much 
per capita as famil ies o f  six or more (U . S .  Department of Labor 1 9 7 5 ) . Thus , 
one should expec t demographic differences to account for much of the variation 
in energy consump tion in a cross section of households . 

Recent trends in U . S .  populat ion growth rates and the demographic compo
sition of famil ies suggest that the demographic fac tor s are likely to be im
portant sources of  variation in energy use in the future (Chapman et al . 1 9 7 3 ) . 
There is an increas ing number of  single-person households in the United States , 
mainly as the resul t of growing numbers of young unmarried and older people 
maintaining their own households .  These single-per son households use more 
el ectricity and natural gas per capita than households with more than one 
person . Bir th rates have declined sharply , and there are bir th-rate data 
that sugge st tha t there will be more smaller-sized families in the futur e .  
These families generally use more energy per cap i ta than larger families . 
Final ly , labor force par t ic ipat ion among women has been growing rap idly , al
though its ef fect on energy consumption is not yet we ll measured or und er s tood . 

Isolat ing the relationships be tween energy consump tion and demographic 
charac teristics is an important dimension of any effor t to explain househo ld 
energy consump tion over the next several decades . 

Economic Fac tors 

The primary variables in most s tudies of energy d emand in the household 
sector are the prices of  fuels and electric i ty , the prices of energy-using 
equipment , and the incomes of consumers (Houthakker et al . 1974) . Emp irical 
studies show that hous eholds tend to consume less energy as the price of energy 
increases , ind icat ing also that the response to a change in energy price tends 
to be greater for those i tems (such as cooked meals , pas senger miles traveled , 
or int ernal temperatur e in the home ) for which energy cos ts  are a larger pro
por tion of total co s t s .  I n  addit ion , studies show tha t consumer demand for 
energy tends to vary directly with consumer income (King 1 9 7 5 ; al so see Taylor 
1 97 5 ,  Taylor et al . 1 97 6 , and Blat tenberger 1 9 7 6 ) . 

Although the current price of  energy plays an important role in deter
mining the amount of  energy consumed , expectat ions about future energy prices 
as well as associated expectations about the fu ture prices and characteri stics 
of  energy-us ing struc tures , equipment , and applianc es may be even more critical 
in determining the long-run demand for energy . For the most  par t , energy is 
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constimed i n  the process of  using capital goods t o  produce various types of 
services . The expected li fet imes of the relevant cap i tal goods range from a 
few months for items like ord inary l ight bulbs to 60 to 100 years for housing . 
Mos t  energy-us ing capital goods in the household sector have expected li fe
times between 5 and 20 years , depending on type of  equipment or intensi ty 
of us e (Kendrick 1974 ) . Thus , from the point of  view of  consumers ,  the optimal 
energy-consump t ion charac teristic s  o f  household cap i tal goods depend not only 
on present energy prices but on the pr ices expected over the operat ing life
time of  the equipment ; these expectations may also vary by fuel typ e . 

In theory , consumers can be viewed as minimizing the expec ted lifetime 
co sts of obtaining outputs from inputs of equipment , energy , time , and other 
factor s . If  energy prices are expected to rise , consumers will  have an in
centive to replace existing equipment with equipment that is technically more 
e f fic ient , even if it is more expensive . The strength of the inc entive depend s  
o n  the expec ted lifet ime of the equipment , the c o s t  of replacing exist ing equip
ment , and the certainty wi th which consumers expect pric es for dif ferent types 
o f  fuels to rise . 3 Moreover , incent ives to replace exist ing equipment depend 
on expectat ions about the rate o f  technical change in the energy e f f ic iency of  
equipment . I f  it is widely antic ipated that much more e f f icient equipment will 
be available in five years , consumers have an incent ive to postpone the re
placement of exist ing equipment . 

Changes in energy prices and expec tations of  future prices influence de
c is ions to change the characteristics of energy-using equipment by determining 
the charac teri s t ic s  of new add itions to the stock , and by increas ing the rat e  
at  which the exist ing stock is scrapped , since one o f  the consequences of  a 
rise in energy prices is a decline in the value o f  relat ively inef f icient 
exist ing equipment . 

The analysis above embodies the convent ional assumpt ions o f  economists : 
that consumers are aware o f  pr ices ; that they make rational calculat ions about 
costs  and benef it s ;  that they are relat ively unconstrained by l iquidi ty and 
weal th ; and that they operate in an environment in which informat ion can be 
obtained wi thout cost . Reality is no t quite like this , however , and in analyz
ing the relat ion be tween energy demand and economic variables , it is important 
to spec ify the t ime periods involved . Given tha t the energy-consump tion char
acteris tics of the exist ing s tock of struc tur es , equipment , and appl iances ar e 
relatively f ixed in the short run , one should no t anticipate much short-run 
response to variat ions in ei ther energy prices or consumer incomes . Al though 
consumers can lower the temp erature in their homes in the winter , or drive 
fewer miles , changes in equipment stocks imply maj or adj ustment s that take 
t ime to accompl ish . 

In the long run , much more response to both pr ices and income can be 
expec ted . As incomes rise , consumers tend to buy more housing space ( includ
ing second homes ) ,  acquire larger or addit ional car s , and own more appliances , 
such as d ishwashers and clo thes dryer s .  However , as  energy prices r ise , con
sumer s have inc ent ives to buy more efficient equipment , usually at the cos t  
o f  either higher prices f o r  the equipment or smaller amounts o f  other 

3The importance o f  uncertainty about expected price change for a somewhat 
different problem is examined in Jus ter and Taylor ( 1 9 7 5 ) . 
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character i s t ics o f  the capital goods i n  quest ion . For examp le , peop le can buy 
more effic ient vehicles by trading of f size , per formance , and comfort for more 
fuel economy . They can acquire a "different" housing structure by ins tall ing 
insula tion or s torm windows to reduce the energy needed to maintain a given 
room temperature . In the long run , consumers can selec t multiple-family rather 
than single-family dwellings . 

Energy Balance in the Res idence 

An important and generally overlooked aspec t of energy consump tion in the 
household sec tor is the interac tion between energy used for spac e cond i t ioning 
and energy us ed for o ther purposes wi thin the res idenc e .  The ba s ic point i s  
simp le enough : with a residence of  given d imensions and thermal characteristics , 
the energy requir ement for space conditioning is  a func tion of the us e levels 
o f  energy-consuming equipment (appliances and l ight ing ) located wi thin the 
res idence . For example , a house in which an oven , a refr igerator , and a wash
ing machine are in cont inual opera tion will use less energy for heat ing in the 
winter (and mor e  energy for cool ing during the summer ) than an ident ical house  
in which identical app liances are  less intens ively used . Much o f  the energy 
us ed to operate ovens , regr igera tors , and washing machines is "wa s t ed" for the 
purpose of cooking , cooling , and cleansing . However , it is not ent irely 
was ted ; it contributes to heat ing the air wi thin the res idence , thereby reduc 
ing the need for hea ting in the winter and increasing the need for cooling in 
the summer . 

Because of  interact ions of this sor t , analysis o f  direct energy consump t ion 
by the household sector is bes t approached in terms of energy consumed out side 
of  the res idence , which is almost  exclusively used for personal transportat ion 
and energy consumed within the residence itself . For the latter , an appropria t e  
framework for analysis must account not only for the thermal character istics 
of the res idence , the per sonal or family preferenc e for interior temperatur e , 
and the type of heat ing or cool ing unit but also for the number and rates of 
use o f  the other appl ianc es and equipment in the res idenc e .  

Direct Energy Use in Personal Transpor tation 

This section describes direc t  energy use fer per sonal transportation-
def ined to include cars , trucks , and other vehicles used for per sonal travel . 
Personal transportation accounts for approximately 15 perc ent of total na t ional 
energy consumption . 4 Some 100 million automobiles and 10  million trucks are 
used for per sonal transpor tat ion (Motor Vehicle Manufac turers Assoc iation 1 9 7 5 , 
Commerce 1 97 0 , 1 9 7 6a ) . (Trucks used for personal transportation are inc luded 
in this category because the d ecisions governing their purchase and use are 
similar to tho se for automobiles . )  

4see Table 1 ;  also see U . S .  Department of  Commerce 1 9 7 4a ; hereinaf ter 
referred to as  Commer ce . 
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In the short run , variat ions i n  rates o f  vehicle use are the primary 
determinant s o f  changes in energy consump t ion . The use of  the exist ing stock 
of vehicles is directly af fec ted by the price of  gasoline . In the long run , 
however , the demand for gasoline varies primarily in ac cordance with the size 
and fuel-efficiency characteristics o f  the vehicle stock . Changes in the num
bers o f  vehicles and their fuel-use characteristics--arising out o f  bo th the 
addit ion of new vehicles and the scrapp ing of exis ting ones--are the central 
concerns ; rates o f  use play a more secondary role . 

Demand for Gasol ine 

Before discussing the imp licat ions of development s in the private trans
portat ion sector for energy consump tion da ta , it is important to dist ingui sh 
between demand for vehicle miles and the demand f or pas senger miles . The 
measurement of vehicle miles i s  o f  central importance because it is vehicle 
miles , together with the number o f  vehicles and their fuel e f f ic iency , that 
largely determine gasoline consump t ion . Variation in vehicle weight due to 
dif ferences in the number of passengers , for examp le , is  o f  lesser importance . 
On the other hand , the demand for passenger miles is  o f  primary interes t in 
invest igat ing the substitution of  other modes of  transportat ion for private  
vehicles i n  meet ing personal transportation needs . For a given passenger
mile demand , dif ferent levels of  vehicle miles will be demanded for personal 
automob iles depending on the relat ive price of public and private transporta
tion . 

Changes in Vehicle Ef ficiency 

Historical data indicate that gaso line consump t ion per vehicle mile tends 
to be greater than the rat ings obtained from manufac turer s or from estimates of  
the Environmental Protect ion Agency (EPA) . The reasons underlying this dif
ference are unc lear . Part o f  the dif ference ar ises from the use of tes t  meth
ods that do not dupl icate field condit ions , but there may be other reasons as 
well .  It is often su ggested that the extent and regularity of vehicle main
tenance has an important ef fect on fuel ef fic iency , as do dif ferences in 
drivers or driving style . In addition , some variat ion , perhap s a signi ficant 
amount , may result from varia tions in quality control in manufac ture . This is 
of part icular importance , because public pol icy now relies to a large extent 
on target fuel standards for manufac turers as a means of  increasing overall 
effic iency in gasoline consump t ion . Depending on whe ther variat ions in fuel 
efficiency relate more to the skill wi th which the vehicles are manufactured 
or to the skill with which they are operated , the opt imum public policy may 
vary from emphas is on more s tringent produc t ion controls to emphasis on peri
odic maintenance inspec t ions and driver education programs . 

Asid e from technical and behavioral variat ions in fuel mileage , policies 
have been init iated during the past several years  to reduce gasoline consump
tion through vehicle use regulat ions . The 55-mile-per-hour speed limits , 
legalized right turns on red signals , and more stringent vehicle inspec t ion 
requirements are examples of such polic ies (U . S .  Congress ,  S enate 1 97 5 ) . 
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In add ition , there is a wide range of polic ies designed to increase passenger 
load , such as lowered to lls and express lanes for vehic les carrying more than 
thr ee persons ; these policies also affec t the aggregate number of miles driven . 

Informat ion on the fac tors that account for si gnif icant energy inef f i
c iencies in vehicle use has to be monitored and fed back to consumers and 
pol icy makers alike . I f  energy savings accrue ma inly to vehicles kep t  in good 
operat ing condit ion , devices are needed to indicate the dollar savings per mile 
driven to individual consumer s .  Me thods must  also be devised to ensure that 
vehicles are ac tually maintained . On the o ther hand , i f  significant gasol ine 
savings can be achieved by better driving habits , then requirement s for driver ' s 
licenses , ra ther than vehicle maint enance regulations , are at  issue . Evalu
ating the effec t iveness of such policies is an important task , because the 
basic energy savings from regulat ion may be illusory if the policies rely on 
the cooperat ion and support of individual consumers . 

Changes in Rates of  Use 

As energy prices rise , intensive users o f  vehicles face a greater increase 
in to tal cos t  than less intensive users . More int ensive users will tend to 
acquire more energy-ef f icient vehicles , promp ting a chain of transact ions , in
cluding the purchase and use of older and less e f f ic ient vehicles by people 
with lower incomes , that will place a larger fraction of the more efficient 
s tock in the hands of more intens ive users . 

The same phenomena will al so occur in households wi th more than one car . 
In 1 9 7 3 , 34 percent o f  all household s in the United S tates owned more than one 
automobile (Motor Vehicle Manufac turers Asso ciat ion 1 9 7 5 ) . Higher gasoline 
prices thus provide economic incent ive to shif t  the use wi thin the hous ehold 
toward put ting the more efficient car at the disposal of the mor e intensive 
user . 

Vehicle use rates are of  part icular interes t in the analysis of the effect 
of conservation policies . Regardless of  the o ther adj us tments  mad e in vehicle
use patterns , s imply driving fewer miles wi ll , in general , reduce gasoline con
sump t ion . Sub s t i tutes such as car pool ing , walking , biking , or eliminat ing 
vehic le trips are particular responses to si tuat ions charac terized by gasol ine 
shortage s and a crisis atmo sphere . Li ttle is known , however , about the long
term potent ial of such actions , such as the extent to wh ich peop le may attempt 
to live closer to their place o f  work . 

In addition to p roviding informat ion to consumers on the co sts and bene f i t s  
of  di f f erent vehicle-use pat terns , there a r e  other gasoline and vehicle-use 
tax policie s  that have been or could be enac ted to mod ify gasoline consumpt ion 
pat terns . The e f fectiveness  of thes e policies will depend not only on the 
incidence of  the taxe s but also on their public acceptance . Trac ing changes 
in vehicle-use patterns wil l make it possible to ident ify trip purposes as 
essent ial , essential but amenable to public transit , or able to be el iminated 
or curtai led . This will help ident ify those purposes for which publi c transi t  
could mos t  suc cessfully b e  promoted . 
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Changes in Vehic le S tocks 

In the long run , the demand for gasoline is derived from the charac ter
istics of the s tock of  motor vehicles . In effec t , consumers buy an en tire 
set of characteristics when they purchase a vehicle . These charac teris t ics 
include size , power , comfort , spec i f ic f eatures such as air condit ioning and 
automatic transmission as well as charact eristics such as cos ts  of maintenance , 
repair , and fuel . The optimal  set  of  charac teris tics demanded can be expected 
to change because of  changes in family size and geographic locat ion or becaus e 
the cos t associated with the various charac teristic s  changes . In general , 
higher gasoline prices provide consumer s wi th the incentive to trade size , 
performance , and comfort for more fuel economy . 

These trade-of f s  do no t necessar ily imp ly giving up size and per fo rmance 
for fuel economy . An alternat ive would be to acquire the same amount of size 
and performanc e at higher cap ital costs , using different materials or engineer
ing specificat ions that produc e the same results--for examp le , aluminum may be 
used to reduce weight and improve fuel economy , but only at an increased cost 
for the vehic le itsel f . The part icular combinat ion o f  vehicle characteristics  
that a family chooses to purchase depends in  part on  the expected lifetime 
cos t s  of the various attributes and the cost and availability of transportation 
substitutes . Consequently , the family ' s  preference fo r this mix of character
istics wi ll change when the price o f  those charac teris tics changes . 

The rate at  which vehic le s t ocks turn over depends on the dif ference be
tween past and present energy pr ices , the d i f ferenc es in vehicle performance 
character ist ics , the d i f ferenc e  in operat ing costs per mile between exist ing 
and new vehicles , the proport ion of operat ing cost to total co st , the rate of 
increase expec ted in future gasol ine prices relat ive to other prices , and ex
pec tat ions about the operat ing character i s t ics of future vehicles . The timing 
and strength of demand for new cars is poorly pr edicted by conventional models 
of s tock adj us tment , s ince replacement demand depends on expectat ions about 
future prices and operat ing charac ter i s t ics . How thes e fac tor s influenc e de
mand depends in part on whether future costs and rates of change are the re
sult of legislated requirements and o ther public pol icy intervent ions or whether 
they result from a marke t response to higher gasoline pr ices . To the ex tent 
that change resul ts  from mandated requirements , the combinat ion of higher 
future costs and better fuel economy will no t necessar ily provide inc ent ives 
to change the charac teristics of the vehicle stock.  In fac t , they may provide 
the reverse incent ive , since manda ted requirement s may involve such hi gh capi
tal cos t s  that savings from lowered operat ing cos ts  would be  neutralized . Ex
pec tations of rap id change in fuel economy or vehicle l i fe may also pos tpone 
changeover in the vehicle stocks , s ince consumers can op t to wai t for the 
expected more e f f ic ient vehicles . 

Family size and l iving arrangements also play an important role in de
lineating the type , number , and fuel-e f f ic iency charact er istics of vehicle 
stocks .  Current trends toward reduced family s i ze and growing numbers of 
households can be exp ec ted to alter the distribut ion of transportation need s 
and preferences of  househo lds ( see Commer ce 1 9 7 5b ,  1 9 7 6b) . Although the demand 
for large automobiles may decrease becaus e of  decreases in family size , it 
may be of fset by the increased need for vehicle miles for commuting in two
worker famil ies . Moreover , an increase in the number of hous eholds often 
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entails a co rresponding increas e in the number of  vehicles , for examp le , when 
children leave home or the elderly maintain separate residences . 

DATA NEEDS IN THE HOUSEHOLD SECTOR 

Coverage and General Quality 

In general , the quality and coverage of data currently available on energy 
consumed wi thin the household vary from excel lent to very poor . The Commit tee 
implicitly assumed that federal agenc ies collect ing energy consumpt ion data 
would take no s t eps to make them less comprehens ive than those now being co l
lec ted , but we have no guarantee that this wi ll be the case . In qual ity , 
scope , and level o f  detail, the data are bes t for electric i ty and worst for 
hea t ing oils ( see Newman and Day 1 9 7 5 , Ed ison Electric Ins titute 1 9 7 5 ) . The 
data for natural gas are more or less comparable in quality to the data for 
elec tricity , al though they are neither as well organized nor as refined (Ameri
can Gas Associat ion 1 9 7 5 ) . Virtually all of  the electric ity and natural gas 
data are derived from individual billing records . Thus , in pr inc iple , elec
trici ty and gas consumption data exi s t  at the level of  the individual res i
dence (excep t  re sidences in apar tment building s that have one met er for many 
uni t s ) , al though the data are never published at this ievel of detail . 

The Commi ttee no tes several shortcomings , for the purposes o f  thi s report , 
in exis t ing data on elect ric ity consumpt ion : 

1 .  Data on the amount of  electricity consumed in the home 
by detail ed end use ,  part icularly on a regional ba sis , 
are general ly no t available , exc ep t from the occasional 
spec ial survey . 5 Unfortunately , there is no t much pro s
pec t  of this informat ion ever becoming available on a 
rout ine , systematic basis  b ecause of the meter ing cos ts 
that would be involved in collect ing the data . 

2 .  The published his tor ical record presents very little 
informa t ion on household electricity consumption by 
t ime o f  day . The da

.
ta that are most access ible are 

highly aggregated and o ffer little scope for meaning
ful analysis . Undoubtedly , a great deal of time-of-day 
consump tion data exists in the record s  of ind ividual 
utilities , ei ther in the form of special s tudies or 
in sub s ta t ion archives . Subs tat ion da ta have rich 
potent ial as a source of informat ion and clearly mer it 
analysis . 

SThe Federal Energy Admini strat ion and the Elec tric Power Research Inst i
tute are sponsoring a national samp le survey by the Midwes t Res earch Ins titute 
(Contrac t RP333) , conduc ted by personal interview and concentra t ing on el ectric 
appliance s tocks and household charac ter is t ic s . Appl ianc e util i zation data 
are being collected from a subsamp le of  150 househo lds in which eight maj or 
elec tric app liances are individually metered . 
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3 .  U tilit ies do not as a rule publish the dis tribution o f  
amounts o f  el ectricity consumed b y  dif ferent classes of  
cus tomers .  This information is central to an evaluation 
of the effects on economic and social welfare of changes 
in the struc ture of elec tric ity rates ( such as implemen
tation of "life-line" rates , by which public utili ties 
provide a minimum quantity of elec tricity , enough for 
" survival , "  to their cus tomers at a low ra te ) . 

4 .  The data available from the utilities on electricity 
consumed by apartment dwellers are usually counted as 
commercial consumption because o f  the use of master 
meters . 

As noted , the data for heat ing oils in the household sec tor are very poor 
in terms of bo th quality and coverage mainly because of the nature of the mar
keting and dis tribut ion sys tem .  One of the maj or problems is the allocation 
of consumption to residential and commercial cat egories ; in many cases , the 
problem extends to indus trial cus tomers as well . There is virtual ly no informa
tion available on heat ing oil tha t  is c lassif ied by the quantities used by dif
ferent types o f  cus tomers . Moreover , the data for heating oil pr ic es are even 
more incomplete than the data on consumpt ion . 

Residential S truc tures , Equipment , and Appl iances 

As indicated earlier , in the long run the bas ic determinants o f  the amount 
of energy consumed by households are ( 1) the size , distribution , and thermal 
charac teristics of  the stock of  res idential hous ing and ( 2 )  the size and com
pos i t i on of the stock o f  energy-consuming appliances and equipment . 

Al though much information exists on hous ing , virtually none of the exist
ing d a ta inc lude relevant informat ion on energy use , at least at the nat ional 
level . As a minimum , data on the square , or even better , cubic , footage of 
living s pace is needed , plus some measure of insula tion characteristic s ,  con
duc t ion rate s ,  and structural-shell t ightness . Square or cubic footage can 
pos s ibly be estimated from existing data , but insulation characteristics cannot . 

Data are espec ially needed on the relation between the phys ical charac ter
is t i c s  of res idenc es and the energy consumed for s pace condit ioning . There is 
some small-scale experimental ev idence suggesting that there is a great deal 
of variation in the amount of energy consumed in nominally ident ical struc tures , 
given the same exterior temperature and the same configuration and use rates 
of a ppl ianc es . However , there are no data on the relat ionshi p  between phys ical 
charac teris tics and energy consumpt ion for s truc tures that cover the full  range 
of resid ential structures ; nor do there exist well-developed me thods for measur
ing the phys ical charac teri stics of struc tures tha t  determine the amount of 
energy consumed for space conditionin� among representative samples of U . S .  
hou s eholds (Mayer and Robinson 197 5 ) . 

6Also  see  T itl e  III  o f  the Energy Conserva tion and Production Act of 197 6  
(P . L . 94- 38 5  1976 ) . 
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Data of this sort would make it possible for ind ividual consumers to make 
bet ter j udgment s about the economic f easibility of var ious types of structural 
modificat ions . The ef fec ts o f  insulating and seal ing j oint s and cracks on 
energy consumption may depend upon complex phy sical phenomena that dif fer among 
hous ing unit s . The incentive to make these modifications may depend upon in 
forma tion about economic returns that  can be reliably demonstrated . Thus , the 
eff ectiveness  of policies designed to promote energy conservat ion is likely to 
depend on the ability to pred ict the effec t  of s truc tural modifications on 
individual s tructures , rather than on the ability to pred ict typical result s  
for the average res idence . Neither the streng th o f  behavioral response o f  
this sor t no r the amount o f  varia t ion i n  the energy-consumption charac teri st ics 
of s truc tures is now known wi th much reliability , but they seem to the Commi t 
tee appropria te subj ects for careful examination . 

Da ta on appliance stocks is  better than tha t  on the stock of housing , 
but improvements are needed for bo th . The best and mos t  comp lete  exis t ing 
data on appliance s tocks were const ructed by Ver leger and Iascone ( 1 9 7 6 ) . Ho� 
ever , data on appliance stocks have ser ious defects : 

• Existing data r efer to appliance saturation rates ; that is , 
they provide es timates of the number of househo lds tha t 
have a par ticular appl iance . Ideally , one should have a 
measure of the capacity of the appliance and its  use rate 
or , lacking this , a measur e of  the total number of ap pli
ances actually in use . 

• Existing data provide little information on the energy 
intensity and hours of use of appliances . In princ iple , 
stocks o f  appl iances should be measured after variat ions 
across vintages of the same appliance have been accounted 
for . 7 

• The accuracy of exis ting estimates of appliance stocks is 
unknown . Almost  certainly , the accuracy can be improved 
on the basis of existing information . 

• Information on ap,pliance scrappage ra tes is very spo t ty . 

• The data on appl iance prices are especially in need o f  
extension and improvement . 

Despite the lack of informat ion on the energy ef ficiency o f  appliances , 
the data existing in utility archives o f fer a po tential ly us eful source for 
improving the quali ty of the Verleger-Iascone estimates of appliance stocks . 

7To deve lo p consistent serie s on the age structure and the size-ef ficiency 
mix of  the stock of appl iances , the sales and product ion records of manufacturer s 
and large distributors are probably the most  feasible source , because the othe r  
sour ces--census and surveys conducted by utilities--have no t identified the 
appl iances in suf f icient de tail to ascertain appliance size . 
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Mos t  maj or electric utili ties conduc t applianc e ownership surveys , and these 
have been growing in frequency , s i ze , and depth in recent years . These surveys 
vary widely in sample size , sc ient if ic rigor of sampl ing and data collec t ion 
procedure , and comprehensiveness .  The number of applianc es included t ends to 
be larger than that obtainable from o ther sourc es , but the surveys frequently 
co l lect informat ion on only a few key applianc e charac teristic s .  For examp le , 
televi sion sets  are classif ied as black-and-white or color and refr igerators 
are classified as fros tless or no t .  Demographic data are quite de tailed in 
some surveys but limited in others , and the same is true of data on dwelling 
characteris tic s ; very few collec t data on income . A few util i t ies me ter in
dividual appliances of some homes on a time-o f-day basis , and a few determine 
whe ther a ppl iances were purchased during the year prec eding the survey . 

Utili ty survey data , except those obtained in conj unc t ion wi th publicly 
funded programs such as  the peak-load pricing exper iments  sponsored by the 
Federal Energy Administrat ion ,  are generally proprie tary . Utili t ies have fur
nished some of this information for outside publicat ion , as in the case of 
appliance data supplied to Merchandis ing Week ( s ee , for example , Merchandising 
Week 197 5 ) . 

Because of  the proprietary nature of the ut ility survey data and the un
evenness of coverage and quality , these data are generally no t a useful sour ce 
for build ing up national data f iles on the use and ownershi p of appliances and 
cus tomer charac teristics . Nevertheless , it is c lear that researcher s analyz
ing elec tricity demand would prof i t  from pro fess ional contac t and cooperat ive 
research activi t ies wi th the elec tric utility load analys ts  who conduc t those 
surveys . In some instances , proprie tary data may be released for spec ial lo cal 
stud ies ; in any event the prac t ical knowledge and exper ience of the load ana
lys ts  ar e often rich sources of insight in to elec tric i ty demand behavior . The 
depth and quality of research on elec tric ity demand in the elec tric utilities 
( for forecas ting , rate design , and load analys is ) has increased greatly in 
recent years , but there is still comparat ively litt le professional contac t 
be tween the uti lity exper ts  in the field and researcher s out side the indus try . 

Personal Transportation 

Data are available on the current vehicle stock and existing pat t erns of 
ownership cross-classified by the economic and demographic charac teris t ics of 
households (U . S .  Department o f  Transportat ion 1972 ; hereinaf ter referred to 
as Transpor tat ion) . In add ition to an inventory of hous eho ld vehic les , infor
mat ion is available on trip purposes ,  distance , travel time , trip frequenc ies , 
and the number of passengers carried per vehicle mile . 8 Thi s informa t ion gives 
a reasonably complete pic ture of how households currently sat is fy their trans
porta t ion need s by the use of private vehic les and public transit . There are , 
however , signi f icant gaps in the current da ta ava ilable on ac tual fuel eff i
ciency of the vehic le s tock , amounts of fuel used for various pur poses , 

8For example ,  three surveys that ob tain these types  of data are : the 197 2-
197 3  Consumer Expendi ture Survey of the Bureau o f  Labor Statistic s  and the 19 7 3  
Energy and Li festyles Survey and the 197 5  Survey of Househo ld Energy of the 
Washington Center for Metropolitan Studies . 
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consumers ' expectations o f  the cos t and fuel efficiency of  new vehicles , the 
long- term pot ential of  conservation , and the effects of shift ing transportation 
preferences on future vehicle d emand . 

The ac tual fuel ef ficiency of vehicle s tocks is a crucial input into later 
model ing . Fuel-ef f iciency charac teri stic s  canno t be inferred from the tech
nical charac teristics of the vehicles themselves but must  be measured directly . 
Fuel eff ic iency needs to be documented for different vehicle makes , models , 
opt ional energy-using equipment , and year of  manufacture as well as for vari
at ions wi thin these var ious vehicle specimens . These measures of fuel effi
c iency should re flec t actual fuel use accurately so that  varia t ions within 
specimens can be analyzed . To determine the effic iency of the exis t ing auto
mobiles , it is important first to control for the variat ion among drivers and 
us e pat terns ; to collect the se data would require a research s tudy wi t h  trained 
drivers or measurement devic es . I f  there were signif icant variation between 
new cars and the same cars after several years of use , it would then be worth
while to tes t severa l of the components of the older car to determine which 
had the grea tes t effec t  on the decline in efficiency . Following this , vari
at ions in fuel usage bo th among and wi thin specimens should be rela ted to the 
purposes for which the vehicle is used , d is tance , travel t ime , and frequencies 
of  various trip purposes . 

Current data are also needed on the cost of vehic le repair and maintenance . 
In add ition , the cost of mod ifying the vehicle itself to improve gasoline 
mileage and the cost of devices that  provide dr ivers with feedback on ac tual 
fuel efficiency should be de termined and compared wi th po tential gasoline sav
ings . These data will make it possible to assess the economic incent ives for 
households to maintain or improve their vehicle ' s  f uel efficiency . Other 
physical data needs include information on the energy cos t s  of mandated anti
pollution control equipment , safety devices , and other legal res tric t ions 
related to vehicle us e .  Finally , data are need ed to assess indirect effec t s , 
such as changes in accident frequency and severity . 

To s tudy the respons iveness of conservat ion behavior to current price  and 
supply conditions , exist ing Federal Energy Administrat ion data are useful for 
a variety of research obj ective s .  However , in view of the decline in conserva
tion behavior since these data were collec ted , more should be known about 
changes in consumers ' att itudes and percep tions , espec ially toward public policy 
al ternat ives . I t  is of  particular importance to determine the long-range im
plicat ions of conservation mot iva tions . While conservat ion a t t i tudes in the 
short run may be reflec t ed by a range of consumer reac t ions , including more 
effic ient driving habi ts , car pooling , and greater use of al ternative means of 
transportat ion , mo re basic adj ustments are required in the long run . For 
example , it  is no t clear how much of the to tal household demand for transporta
t ion could be satisf ied by pub l ic transit . More emphasis should be placed on 
collec ting data about trip purposes and vehicle use pat t erns that could be 
used to analyze the demand for public transit . Interna tional comparisons may 
also be use ful in provid ing illus trat ions of social and ins titut ional arrange
ments that af fect the demand for public trans it  (Schipper and Lichtenberg 1 9 7 6 ) . 

S ince re search on the fac tors assoc iated wi th changes in the size and 
energy-consump t ion charac teristics of the vehicle s tock involves d evelopments 
that  take p lac e mainly in the future , currently available data are likely to 
be o f  limited usefulness . Data on consumer expec tat ions are needed to model 
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near-term adj us tments in vehicle s tocks , and measures of  evolving pre ferences 
for di fferent transportation modes are needed to model longer-term trends in 
private vehicle demand . 

The prominent role o f  expectations in the consumer decis ion model outlined 
above is matched only by the absence o f  the appropriate data . Extrapolating 
pas t price changes as a proxy for future expected movement is not sufficient , 
j us t  as the past  rate of  technical improvement in vehicle mileage is likely 
to be a poor indicator o f  future changes . Since changes in expectations can 
occur rapidly , constant monitoring is needed to model the transition from the 
present vehicle s tock toward one that achieves greater fuel e fficiency . Since 
expectational measures are hypothesized to be useful to understanding the on
going transition from fuel-ine fficient to more fuel-efficient vehicle stocks , 
the benefits derived from their measurement will be greater the earlier these 
measures are implemented . 

Information on transportation mode preferences is a less pressing data 
need , s ince these changes occur s lowly and after a substantial lag . To monitor 
long-term transportation preferences adequately , much more needs to be known 
about the impact on vehicle demand o f  the changing age structure trends in 
marriage and birth rates , and the resulting trends in family life cycle dis tri
butions and needs as well as in preferred patterns o f  residential location , 
including time and dis tance traveled to work and shopping . 

FINDINGS AND RECOMMENDATIONS : HOUSEHOLD SECTOR 

Household purchases o f  fuels and electricity account for about one-third 
o f  total national energy consumption . Of this total , about half is used for 
personal transportation and one-third is used for space conditioning . The 
Committee found that mos t data us ed to describe aggregate household energy 
consumption are adequate at present , at leas t in aggregate terms . 

However , there are important exceptions : few systematic data collections 
are available at present to describe consumption o f  energy by detailed end uses 
(e . g . , refrigeration , cooking , and lighting) . Second , present data are inade
quate to isolate and account for all sources o f  energy supplies used by private 
households for space conditioning , especially data on petroleum used for 
heating . Third , data needed to describe the uses of energy for personal trans
portation (although not collected on an ongoing basis ) seem to be adequate for 
broad des criptive purposes , but the accuracy o f  some of the basic information 
is open to question . 

Systematic Data Collection 

Recommendation . The Commd ttee recommends that benchmark surveys be under
taken to measure detai led uses of energy in households by end uses . These data 
are best obtained by a l i sting of househol d appliances (incl uding informa tion 
on type , si ze , vintage , and location wi thin the structure) and appl iance use 
rates . For a subset of this sampl e ,  physical measurements of actual quanti ties 
of energy used shoul d also be taken , permi tting correlation of equipment type 
and size wi th data on energy use . 

Copyright © National Academy of Sciences. All rights reserved.

Energy Consumption Measurement:  Data Needs for Public Policy
http://www.nap.edu/catalog.php?record_id=20318

http://www.nap.edu/catalog.php?record_id=20318


36 

Recommendation . The Comnd ttee recommends that methodological work be 
undertaken on the use of survey and other measurement techniques , incl uding 

vehicl e instrumentation , to moni tor energy used in personal transportation by 

trip purpose , travel time , and distance . In addi tion , surveys shoul d  be under

taken to update thi s information periodicall y .  Methodological work i s  neces

sary , since the level of detail and the time span needed for data of this type 
go beyond usual survey research applications . 

Recommendation . The Comnd ttee recommends that a benchmark survey of 
types and amounts of fuel used for space condi tioning by households be under
taken to provide the necessary background informa tion on quanti ties of fuel oil 
used for home heating. 

Modeling Direct Energy Consumption 

Finding. The data needed to understand and model direct energy consump
tion in the household sector (as distinguished from merely describing it) are 
seriously inadequate . It is use ful to divide direct energy consumption by 
households into two categories : energy used within the residence and energy 
used outside . The latter is  dominated by energy used for personal transporta
tion ; the former is mainly energy used for space conditioning , although use of 
most equipment and appliances also takes place within the residential structure . 
For understanding direct energy consumption within the housing structure , data 
are needed on the stock and use rates o f  equipment and appliances, cubic footage 
o f  space to be conditioned , the physical characteristics of the structure it
sel f, the demographic and behavioral characteristics o f  the occupants,  the 
relevant energy prices , and expectat ions about future energy prices . Very 
little o f  the necessary information is currently availab le ,  and no available 
collection o f  data contains all o f  these essential variab les . 

More spe cifically , estimates o f  responses to price changes are ob tained 
almost entirely from data based on a history of declining relative energy 
prices, while the present environment is one of rising relative energy prices. 
In addition , there are almos t no data necessary for a national sample of the 
physical characteristics of . housing structures that affect energy used for 
space conditioning, nor are there relevant data on expected prices . Much of 
the crucial information needed for understanding how the stock of structures 
and energy-us ing equipment and appliances may change over time is thus not 
currently available . 

Recommendation . The Comnd ttee recommends that a national sampl e of dwel l 
ing uni ts be surveyed i n  a panel format ,  wi th some pl anned rotation over time . 
Data should be obtained periodicall y both from occupants of these uni ts and , 
where feasibl e ,  from instrumentation of the energy-using equipmen t in these 
uni ts . The basic sampl e woul d be one of dwell ing uni ts , periodicall y  augmented 
by sampl es of new construction .  The information to be obtained from this panel 
woul d incl ude : 

• Physical characteri stics of the housing structure : number 
and si ze of rooms , insulation characteristics , glass area , 
struct ural shel l tightness , and type and efficiency of 
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heating and cooling system, duct work , and control s .  Consid
eration should be given to housing units that use sol ar or 
other currentl y unconventional sources of energy for space 
condi tioning and wa ter heating . 

• Location and si ting of the residence : Location data refer 
to informa ti on abou t  distances from modal destinations as 
a determinant of gasol ine use . Si ting data incl ude orienta
tion , vegetation , di stance from adjacent structures , wea ther , 
and other environmental factors that affect heating and 
cool ing l oads . 

• Consumption of various forms of energy in physical uni ts . 

• Energy-using equipment and appl iances located wi thin the 
housing structure , incl uding type ,  vin tage , and t ypical 
rate of use . Equipment and appl iances to be covered are 
central air condi tioners , window air condi tioners , furnaces 
or heat pumps , t ypes of thermostat or other control s ,  water 
heaters , cooking ranges , refri gerators and freezers , washing 
machines , clothes dryers , di shwashers , tel evi sion sets ,  and 
l i ghting fixtures . Other pieces of equipment or appl iances 
were j udged not to warrant incl usion , because they account for 
such small contributions to total present energy use . In some 
areas of the country , or over l onger time periods , thi s list 
shoul d be expanded to incl ude equipment such as swimming pool 
pumps and heaters or saunas , which may be more widel y used in 
the future . 

• Demographic and socioeconomi c characteristics of the occupants . 

• Present prices , expected pri ces , and the di stribution of price 
expectations for di fferent forms of energy . 

• Da ta to permi t specifi c estimates to be made of expected payoffs 
from investments in structural modifications on a structure-by
structure basi s .  

• Other expl anatory variabl es , incl uding income , ownership , and 
expected time of occupancy ,  knowledge of energy and energy
related problems , and attit udes toward energy consumption . 

Personal Transportation 

Finding . The predominant use o f  energy external to the residence is 
gasoline for personal transportation , and data are mainly needed for the fac
tors that determine the short- and long-run demand for gasoline . From the 
point of view o f  energy policy over the next several decades , the principal 
points of leverage are changes in the energy-consumption characteris tics of  
personal transportation vehicles and changes in automobile use patterns , which 
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are the maj or factors accounting for gasoline use . 

Recommendation . The Commi ttee recommends that , as part of the dwel l ing 
uni t  panel described above , data be obtained on the fol lowing factors needed 
to understand and predict the demand for gasol ine : 

• Technical characteri stics of each househol d ' s  personal trans
portation vehicl es . 

• Annual mil eage dri ven , by purpose , travel time , travel distance , 
and gasol ine consumption for each vehicl e in the househol d ' s  
stock of cars and other vehicl es . 

• Present prices , expected prices , and the dispersion of expected 
prices for gasol ine . 

• Expectations about changes in the energy-consumption charac
teri stics of vehicl es and associated expectations about 
fu ture purchases . 

As an essential adjunct to the interpretation of data on vehicles and 
equipmen t used wi thin househol ds , research and anal ysis shoul d be ini tiated on 
the costs of manufacturing, opera ting, and maintenance and thei r l i fetime 
energy use and cost . Such data woul d be mpst useful in determining minimum 
l i fe-cycle energy cost strategies and in the measurement of the energy effi 
ciency of specific househol d equipment . 

Recommendation . The Commi t tee recommends that a special study be under
taken to determine the variation in the energy efficiency of similar vehicl es 
in the present stock of automobi l es . The purpose of this study woul d be to 
determine : how much variation act ual l y  exists in the fuel efficiency of vehi
cl es of a given type and vintage; how much of the actual variation i s  a conse
quence of vari ation in manufacturing desi gn ,  di fferences in maintenance , and 
driving practices and habi ts ; and the effect on fuel consumption of provi ding 
the dri ver wi th real -time information on fuel efficiency . 

Recommendation . The Commi t tee recommends that a special study be under
taken to expl ain present varia tion in the energy intensity of personal trans
portation . This study woul d aim at determining the factors that induce the 
purchase of more energy-effici ent vehicles and use of al ternative modes of 
transportation , such as carpool s ,  bicycl es ,  and publ ic transporta tion . Compar
i son wi th practi ces in other industrial countries shoul d be part of thi s study . 

Building Structures and Space Conditioning 

Finding . Effective energy policy requires substantially more knowledge 
than we now have about the relation between the gross physical characteristics 
of building structures and the actual energy-consumption characteristics of  
those structures as  well as between the technical characteris tics o f  equipment 
and the energy flows through that equipment . We know that energy consumption 

Copyright © National Academy of Sciences. All rights reserved.

Energy Consumption Measurement:  Data Needs for Public Policy
http://www.nap.edu/catalog.php?record_id=20318

http://www.nap.edu/catalog.php?record_id=20318


39 

with�n residential structures varies considerably ,  even for structures of the 
same s i ze and configuration and the same demographic characteris tics of  occu
pants . Little is known about the actual behavior of occupants or how norms 
governing behavior affect energy-use practices and decisions . The Committee 
presumes that such data for a wider range of  structures in the u . s . --both res i
dential and non-residential--would sbow an even larger variation in energy 
consumption , related in an undetermined way to the physical characteristics of  
the s tructure , the behavior o f  the occupants ,  and the size and use rates of  
internal equipment . Since the returns on investments in modifying s tructures 
seem to depend to a s igni ficant degree on idiosyncratic features of s tructures 
themselves , methods of  estimat ing returns on investment are needed for struc
tural mo di fications at the level o f  the individual structure , rather than at 
the level of the average structure , since that may be the mos t e ffective way 
to encourage individual decis ion makers to invest in more energy-efficient 
structures . 

Recommendation . The Commi t tee recommends tha t studi es be made , on a 
nationwide sampl e of structures , of the rel ation between energy consumed for 
space condi ti oning wi thin structures , the physical characteristics of struc
tures , the behavior of occupan ts , and the intensi ty of equipment use within 
structures . We also recommend that research and development be undertaken to 
develop instruments for measuring the relevant energy-consumption character
i s tics of existing structures , wi th an eye toward simpl e ,  inexpensi ve ,  and easy
to-operate instrumentation . Such instrumentation fal l s  into two general cate
gories :  (1) that which enables indi vidual buil ding occupants to moni tor and 
control the use of existing equipment , and (2) that which suppl ies da ta needed 
to precipi tate construct ive investmen t  decisions . 

Demographic Data 

Finding. The United States is currently undergoing a period o f  rapidly 
changing fertility rates and other demographic transitions . The energy and 
economic consequences of these changes can be very large within the time 
periods o f  interes t to energy policy decis ions . 

Recommendation . The Commi t tee recommends that careful use be made of 
exi sting demographic data (1) to improve understanding of the effects on energy 
consumption of changing ferti l i t y  rates and other demographic characteri stics , 
especi all y household forma tion , labor force participation , and the effecti ve 
l ength of the work week , (2) to project wi th greater assurance the pl ausible 
di rections that energy consumption may take in the future , and (3) to understand 
bet ter the energy and economic impacts of demographic trends and changes . 
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ENERGY USES IN THE INDUSTRIAL SECTOR 

INTRODUCTION 

In the broadest sense , the indus trial sector consists o f  all non-household 
activity that involves the production of goods and services that are used 
throughout the economy . Most o f  the energy embodied in the manufacture of 
goods is concentrated in the early stages o f  the processing of  b as ic materials 
and in a relatively small number of indus tries . Thus , for public policy ap
plications , it is preferable to examine data on energy use in the basic ma
terials processing indus tries rather than through the household demand for the 
final goods and services that use these materials as inputs . Most of  the 
energy used to provide services is for transportation and space conditioning 
in buildings . Unlike that used to produce goods , energy used to provide ser
vices is not concentrated in any particular group of indus tries . 

In this report , the non-household sector is organized into two categories . 
The indus trial sector , which primarily produces goods , is discussed in this 
chapter ; the commercial/service sector is discussed in Chapter 4 .  These two 
categories are defined by the maj or divisions o f  the Standard Indus trial Clas
sification sys tem. 

The Standard Indus trial Class ification 

The Standard Indus trial Classification (SIC) provides a systematic frame
work within which economic activities are defined and organized (U . S . Office 
of Management and Budget 19 72) . This coding and classification system is 
widely used by both government agencies and private industries to maintain 
comparability o f  s tatis tical data.  Maj or indus tries that are functionally 
simil ar are called divisions , des ignated by the letters A-K.  Maj or groups of  
industries within divis ions that use similar processes or produce s imilar 
products or services are designated by a numerical code in which the first 
two digits correspond to divisions . Additional digits may be used to provide 
a subclassification o f  indus tries within maj or groups . The maj or divis ions of  
the S IC system are lis ted below : 
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Division 

A 
B 
c 
D 
E 

F 
G 
H 
I 
J 
K 
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Indus try Descrip tion 

Agriculture , Fores try , and Fishing 
Mining 
Construct ion 
Manufacturing 
Transportat ion , Communicat ions , 
Electr ic , Gas , and Sanitary Services 
Wholesale Trade 
Retail Trade 
Finance ,  Insurance ,  and Real Estate 
Services 
Public Adminis tra tion 
Non-Classifiable Establishment s 

Numerical Codes 
( f irst two digits)  

01 - 09 
10 - 14 
15  - 17 
20 - 39 

40  - 49 
50 - 51 
52 - 59 
60 - 67 
70 - 8 9  
9 1  - 9 7  
99  

This chap ter will discuss energy consump t ion data in Divisions A through 
D and that part of Divis ion E containing utilities in the SIC sys tem .  These 
d ivisions are commonly referred to as the industrial  sec tor in mo st  energy 
accounting systems . ! 

The relat ive importance of the maj or end uses of energy ( t ransportation , 
space condit ioning , and materials process ing) dif fers s igni ficantly among SIC 
divis ions . For indus tries in Divis ions A through D (and the electric , gas , 
and sanitary services part of  Division E) , it  is our view that needs for data 
on industrial energy consump t ion are related mos t  direc tly to changes in ma
terials proc essing . 

For Divisions F through K and that part o f  Division E containing trans
por tation and communicat ion , d escribed in thi s  repo rt as the commerc ial/ 
service sector , energy consump t ion data needs are related mos t  d irectly to the 
charac teristics o f  buildings and vehicles . The end uses of energy in the 
commercial/ service sector are similar to those of households exc ep t the range 
of variation is cons iderably wider and the dec i s ion proc esses for energy use 
are more like those in industries in Divisions A through D .  

PATTERNS OF INDUSTRIAL ENERGY USE 

The industrial sec tor , as described above , direc t ly consumes approximately 
35 percent of the total energy used in the United States , inc lud ing almos t 
hal f of  all energy from natural gas , hal f  o f  all elec tric ity , and about 
70 percent of all coal ( see Table 1 ) . Industrial energy consump t ion is  domi
nated (almost  90%) by processes that use fuels and elec tric i ty to produc e heat 
(U . S .  Department of the Interior 1975 ; here ina fter referred to as Interior) . 
Much o f  this hea t  is  now exhausted to the atmosphere ; however , signi ficant 

!nata on the demand for transportation are quite different in the house
hold , indus trial , and commerc ial sectors of the economy . In this report , 
transportation is cons idered as an end use in the household sec tor and an 
industry in the commerc ial/ service sector . 
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opportunit ies exist  for re-use ( cascading )  in  lower-temperature processes . 
About 60  percent of all energy consumed by industry is used by a small number 
of bas ic proces sing industries in which the cap ital inves tment required for 
e f fe c t ive operat ion is very large . In these indus tries , energy cos ts  ar e a 
s ignif icant frac t ion of total opera ting costs , and management dec isions are 
s trongly in fluenced by energy pric es . 

Table 3 shows the estimated energy consump tion by U . S .  industries for 
1 97 2 .  Indus tries have been grouped into three categories to emphasize the 
nature of the different types of  materials processing and the typical range 
o f  energy used per dollar o f  output . 

The largest users o f  energy are indus tries whose processes are intrinsic
ally energy-int ensive because they typ ically alter the basic chemical or molec
ular struc ture o f  mat erials : the chemical , me tal , paper , and fuel indus tries . 
The second most  energy-intens ive industries are those whose processes change 
the s tate of mat erials , such as mel t ing for cas t ing s or heat for drying or 
heat treatment . (For example , glass is manufactured by melting sand to a 
l iquid state and cooling it back to a solid state aga in . ) The third category 
o f  energy intens ity includes those industries whose processes typically change 
the physical arrangement or locat ion of mat erial s ,  such as automobile assembly 
p lants , elec tronics manufacturing plant s ,  and pr inting and publishing es tab
l ishments ; these processes are leas t energy- intensive . 

Thi s  emp irical distinc t ion among types of indus tries emphasizes some dif
ferences that are useful in analyzing indus trial data . The energy use in the 
f irst  group is basically a func t ion of energy int ensi ty per physical unit of 
mater ials processed rather than the absolute s ize of the industry ' s  output . 
The second group has lower energy use per unit  o f  output but high total energy 
use because the se types of produc t s  typically have very high levels of outputs  
in  the U . S .  economy ; the combinat ion of  intermed iat e  energy per  unit output 
and high levels of output resul ts  in a large total consumption of energy for 
this group . For industries in the third group , lower energy use per unit out
put , when combined with smaller absolute size of  the industry output , resul ts 
in lower overall consumption of  energy . 

As an example of these dist inctions in industrial energy use , the total 
e s t imated energy required to produce a s ingle 3500-pound automobile is shown 
in Table 4 .  In this table , the energy cont ribut ions to a single final produc t 
from different contr ibuting indus tries are shown . ( In the calculat ion , a net
f ree energy change in manufac ture is used , assuming no recycl ing . )  Energy 
embodied in the manufac ture of basic mater ials accounts for the predominant 
share of the to tal energy used : about 70 perc ent . Fabrication and assembly , 
which are less energy-intensive , account for about 25 perc ent , and transporta
t ion of materials  and the finished product accounts for about 2 percent . 

Mos t  o f  the energy in industry is used in the proces s of making relat ively 
homogeneous int ermediate produc ts , such as steel or plast ics . Thes e produc ts  
are then typ ically sold to o ther industrial f irms for  add itional proc essing , 
but mos t of the energy embodied in f inal produc t s  is determined by the energy 
used in the bas ic process of making the stee l or the plas t ic and to a much 
l es ser extent by the energy required to modify i t  into its  final us eful form .  
I n  these proces ses , energy i s  used , as elsewhere in the economy , a s  an input 
into some piece of cap ital equipment . Hence , indus trial energy consumpt ion 
could be approached by analyz ing the equipment used in the processing , the use 
rate of the equipment , and the energy-consump tion characteristics  of the 
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TABLE 3 Estimated Annual Industrial Energy Consump t ion (19 7 2 )  

Perc entage 
S IC Total 
Code Indus tri Btu x ( lol5 ) a Indus trial 

I :  Proc esses that change molecular struc ture of mater ialsc 

28 Chemicals and allied produc ts 4 . 4  61 . 9  
33  Primary metal industr ies 3 . 9 
2 9  Petroleum and coal produc ts  3 . 3  
2 6  Paper and allied produc ts 2 . 3  
13 Oil and gas extrac t ion 1 . 4  

SUBTOTAL 1 5 . 3  

I I : Processes that  change state or conf igurat ion of mat erials 

Typ icalb 

Btu Per 
Dollar o f  
Ou t2ut 

150 , 000-
2 50 , 000 

32  Stone , c lay , and glass products 1 . 3  2 2 . 0  50 , 000-
15- 1 7  Construc t ion 1 . 2  1 5 0 , 000 
20  Food and kindred produc ts  1 . 05 

Agr icul ture 1 . 1  
35 Machinery (except elec trical ) 

manufac tur ing 0 . 4 
2 2  Textile mill produc ts  0 . 4  

SUBTOTAL 5 . 45 

III : Processes that  change 2hysical arrangement or location of materials 

All other industry in d ivisions 
A-D of the SIC system 

TOTAL : ALL INDUSTRY 

SOURCE : See not es at end of  this chap ter . 

3 . 97 

24 . 72 

16 . 1  

100 . 0 

50 , 000 
and les s 

a/Data inc ludes feed stocks , self-generated fuels , and elec trical energy . 
b/Do llars refer to producers ' pr ice in 1967 (see U . S .  Depa rtment o f  Commerce 
l9 7 6 ) . 
�/Energy use in these indus tries i s  highly concentrated in the earliest s tages 
of process ing bas ic material s ,  but much of the economic ac t ivity in these in
dustries at the three- or four-d igit SIC level is more proper ly part of group 
I I I  below ,  e . g . , drugs and s tationery . 
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TABLE 4 Energy Required to Manufac ture One Automobile 

Item 

Manufac ture of metall ic materials 
Manufac ture of other materials 

Fabrication and assembly 

Transpor tat ion of mater ials 
Transportat ion of assembled auto 

TOTAL 

SOURCE : See Berry and Fels  ( 1 9 7 3 ) . 

Enersx Perc entage 
Kwh Btu (xlO) of Total 

26 , 185  2 7 3 . 6  7 0 . 2 
865 9 . 0  2 . 3  

9 , 345  9 7 . 7  25 . 1  

655 6 . 8  1 . 8  
2 2 5  2 . 3  0 . 6 

3 7 , 2 7 5a 38 9 . 4 1 00 . 0 

a / By way of comparison , 3 7 , 000 kwh ( thermal) is equivalent to about 3 , 000 gal
lons of gasoline . 

equipment . However , there are literally thousands of d if fer ent types of equip
ment used in industry , with highly variable use rates--such as machines that 
s tamp out entire sec tions o f  vehicles , furnaces that heat iron ore to several 
thousand degrees , and ref ineries that pr oduc e a wid e range of petrochemicals . 

Ob taining data on this wide range of industrial proc es sing equipment 
would probably be costly and unfruitful as a means of monitoring or model ing 
indus trial energy consump t ion or as  a means of as sess ing the e f fects of pol icy . 
The equipment is not only fr equently complex in its  own right ; it  is also of ten 
interdependen t - in its  operat ion on other equipment--one machine feeds  ano ther . 
Detailed examination of equipment stocks would thus require a large number of 
comp licated energy-use models to gain any real insight into indust rial energy 
consump tion . 

Alt ernatively , the energy content per uni t  of mater ial output in the mos t 
energy-intensive industries can be thought of as a measure o f  industrial energy 
consump t ion . Mod if ication of the processes , the technical characteristic s  o f  
machinery and equipment , o r  the types of ma t er ials used will result in meas
urable changes in energy input per uni t of output . The resul t ing energy con
tent is likely to be signi ficantly influenced by bo th ac tual and expec ted 
energy prices and the availabil ity of  energy supplies . Thus , i t  seems better 
to  monitor energy content per unit output and to construc t mod els explaining 
c hange in energy content per unit  output in these industries . To do thi s ef
f ec t ively , it is important that the measure o f  energy content per unit output 
inc lud e  bo th the direct and indirec t energy co sts associated wi th the produc
t ion processes . For example , it would be mislead ing to produce a measur ement 
that showed a decl ine in energy per unit output of  aluminum s id ing for houses 
--if the reason for the dec line were that  the bas ic aluminum raw mater ial was 
being impor ted rather than produc ed domest ically , and the energy input measur e 
included only domestic energy inputs .  
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The Commi t tee ' s  j udgment is tha t  analyzing the spec if ic indus trial opera
tions and processes that  produce mat erials subsequently distributed throughout 
the economy is the preferable method for examining the ef f ec t  of public  pol i
c ies on the largest energy-consuming industries . There are three reasons for 
this view :  (a) the mos t  impor tant determinant of energy consump t ion in the 
energy-intensive indust r ies is  the na ture o f  the process used to mod ify the 
proper t ies of basic input mat erials ;  (b)  there are a number of alternative ways 
to proc ess these raw materials ; and ( c )  the a ttrac t iveness of the se alt erna
t ives is strongly affected by energy pr ic es . In shor t , we f eel that changes 
in processing wi th the same end produc t are a more likely development than 
maj or changes in the demand for end-product with the same processes , espe
cially in the shor t-to-intermed ia te term . For example , the energy consumed 
to produce aluminum can be mod ified more read ily by changing the produc t ion 
process than by chang ing the demand for the lar ge number of differ ent aluminum 
produc ts . 

One of the impor tant d eterminants  of  energy us e in the mos t energy
intensive f irms is the present and proj ected cost of energy . Changes in energy 
use wi ll come about primarily through the adap tation of proces sing techniques 
to changes in energy co sts . It is important here to d i s t ingui sh betwe en energy 
costs and energy prices . As used in this  repor t , the costs of energy to the 
business decision maker d epend not only on the pr ice of fuels but also on the 
cos ts of compliance wi th the regulatory polic ies associated with the use of 
spec i f ic types of fuel , the costs of cap i tal required to change from one fuel 
type to ano ther , and the co sts of cont ingency management induc ed by unc ertainty 
about future fuel prices or fuel availability . 

Price Fac tors 

Business dec ision makers are concerned about the price of energy as well 
as its availability and regula t ion . The degree to wh ich thi s concern results 
in a change in bus iness prac t ice is rela t ed to the importance of energy costs 
in overal l production costs as well as their visibi l i ty . Importance can be 
measur ed by the rat io of  energy costs to to tal product ion cos t s ; visibility 
can be cons idered a func t ion o f  the rate of change of energy pric es : cost  
items that continue along s table histor ical t rend s are less likely to come to 
the attent ion of dec i sion makers than cost items that behave differ ently from 
the past . 

On bo th counts , energy pr ices , both present and expec t ed , are impor tant 
information to dec ision maker s in energy-intensive bus inesses--but price is 
not al l that mat ters . The uncertainty of future supplies of a par ticular f orm 
of energy will concern business dec ision makers as much as pric e .  In addi t ion , 
decision makers are inevitably concerned about the regulatory environment in 
which they will be opera t ing , s inc e much regulation d irec tly affec t s  energy 
consump t ion . 

These considerations suggest that the expec tat ions of  business decision 
maker s regarding future energy pr ices a f f ec t  bo th the availability of future 
suppl ies of particular forms of energy and the regulatory environment in whi ch 
business expects  to be operating . In general , data used to understand and 
pr edic t bus iness decision making simply do no t exist . Informa t ion on pas t 

Copyright © National Academy of Sciences. All rights reserved.

Energy Consumption Measurement:  Data Needs for Public Policy
http://www.nap.edu/catalog.php?record_id=20318

http://www.nap.edu/catalog.php?record_id=20318


47  

and current energy prices , the supply si tuat ion tha t  curren t ly pr evails , and 
the present regulatory environment is available , but we do no t know what busi
nes s dec i s ion maker s (or regulatory agencies)  see as probable ,  which would 
have an impor tant bearing on their decisions to make changes in processes . 

I t  is not only changes in energy pr ic es that are relevant to industrial 
energy consump t ion behavior but also the degr ee of uncertainty about future 
prices . Dec ision makers who think i t  mos t  l ikely that  relative energy prices 
will double in ten years but could vary by a factor of three are not likely to 
act in the same way as dec ision makers who think it likely that prices wil l 
double in ten years bu t ass ign very lit tle l ikel ihood to a d ifferent outcome . 
The first forecast calls for planning wi th a great deal of flexibili ty in the 
event that the best guess is wrong , whi le the second calls for planning with 
less flexibility , because the be st guess is not consid ered likely to be wrong . 

The second group o f  industries shown in Table 3--those that use somewhat 
less energy per uni t  of output but are very large in absolute  size and consume 
a substantial proport ion of the energy consumed in the indus trial sec tor--are 
al so subj ec t to the same forces as the most energy- int ensive us ers , al though 
c lear ly no t to the same degree . The industries in thi s group ar e so numerous 
and heterogeneous , as measur ed by the kinds of processing they do and the 
sources o f  energy demand that they have , that model ing changes in energy con
sump t ion are mor e costly and probab ly have a smal ler payo ff than mod eling 
proc ess changes in the most  energy-intens ive industries . 

For industries in the third group--those with low energy consump t ion p er 
uni t  of output and insufficient size  to produc e mor e than a mod es t propor t ion 
of  the total of energy consump t ion in the industrial sector--energy is more 
likely to  be used for space cond it ioning and transportat ion than for mat er ials 
processing , and the problems of modeling future consump t ion are much l ike those 
d escribed in Chap t er 4 ,  in  which energy use in commercial buildings and trans
portat ion is  examined . 

El ectric Util i t ies 

Elec tric utilit ies consume about 20 percent of the total fos sil energy 
used in this country , about as much as the combined to tal of the five mo st in
tensive consumer s of energy listed in Table 3 .  Increas ing prices for fossil 
fuels wil l  undoubtedly induce signif icant changes in the types of fuels used 
by elec tric utilit ies as well as changes in the utilization of by-product hea t  
produced i n  the power generat ion process . However , problems rela t ed t o  the 
produc t ion of electric i ty are no t d iscus sed in this report , since  they involve 
pol i tical , technical , f inancial , and engineer ing issues beyond the Commit tee ' s 
scope . There for e ,  we limit our concern to the demand for elec tr ic i ty by end 
users in the household , indus trial , and commerc ial / service sectors and the 
data that utilities can provid e to d escribe the details of that demand . Energy 
used to generate elec tr ic i ty , includ ing (whenever possible) the fuel equiva
lents of lo sses in genera t ion and transmiss ion , has been as signed to the end
use consumer s of elec tricity . 
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INDUSTRIAL ENERGY USE DATA 

Time Per iods 

Short-term changes in industr ial energy consump tion ar e mos t  l ikely to 
come abou t through such housekeep ing measures as  improved process control and 
el iminat ing was teful uses of energy , as in the household sector . Data used 
to accomplish thes e changes are pr imarily int ernal management data , including 
energy f low sheets , analyses o f  fuel purchases , and monitoring data on s tack 
temperatures and gas composition . 

In the intermediat e term , changes in indus trial energy consump t ion can be 
expec ted to come about through improving exist ing processes , upgrading of  the 
energy effic iency of exist ing equipment , and relatively minor cap ita l  invest
ments . Data to ass is t in analysis of the effec t s  of these changes remain pri
marily int ernal management data but can be expec t ed to include more comprehen
sive energy audits  of an ent ire plant ' s  operat ion , data on retro f i t  costs and 
est imates of expect ed fuel cost  savings , and case s tud ies of other industries . 

Long-term changes in industrial energy use are likely to come about 
through more bas ic changes in the equipment used for process ing mater ials and 
in the demand for dif ferent types of produc t s . Informat ion to describe these 
changes is  related to engineer ing data on t echnical fea sibil i ty ( including 
evalua t ion of research and development outcomes ) ,  f inanc ial data on capital 
inves tment , data needed for analysis of regulatory prac t ic es , and es t imates of  
long- term trends in energy pric es .  There have a lso been long-term societal 
trends shi f t ing the economy toward r elat ively more services and les s manufac
tur ing in the economy and historical trends wi thin manufac turing toward more 
advanced stages of  fabrication or proc essing (e . g . , comput ers , microprocessors) 
that t end to be less energy int ens ive . 2 

Data Ava ilabil ity 

Data to describe U . S .  industrial energy use in such t ime per iods vary 
widely in scope and availab ili ty . For the shor t-to-mid t erm ,  da ta primarily 
take the form of internal �nagement information and are available mainly for 
ind ividual firms , or perhaps at the trade association level . For the mid
to-long term , there are several sources of indus trial energy-use data tha t ar e 
collec ted by government agenc ies . 

The mo s t  complete sources of industrial energy-use data are the quin
quennia l Census of Manufac tures (Commerce 1 9 7 3 )  and the Annual Survey of Manu
fac tures (Commerce 1 9 7 4 )  o f  the Bureau of the Census . These  data includ e  fuels 
and electric energy consumed for heat and power by the manufac turing industries 
(S IC 20-3 9 ) . Purchased fuels and elec tric ity consumed by the mineral industries 
( SIC l Q- 14 )  are repor ted separately by the Bureau of the Census (Commerce 1 975a) , 
current ly also at f ive-year intervals .  

2The Conference Board Report (Myers et al . 1 9 7 4 )  no t ed an overall dec l ine 
of 1 . 6 percent per year in energy use per unit product between 1954 and 1967 . 
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The Federal Reserve Board also publishes a monthly survey of indus trial 
elec t ric power use ( Federal Reserve Board 1 9 7 6 ) . The se da ta consi st of monthly 
ind exed records of electric power use by the maj or indus trial groups at the 
three-digit S IC coding level . There are , in add ition , two maj or f ederal 
sources of data on energy supply and produc t ion that provid e some information 
on industr ial end-use consump t ion . The Bur eau of Mines conduc ts an annual sur
vey of distributors and med ium-to-large retailers of petroleum produc t s  (U . S .  
Department o f  the Interior 1 9 7 3 )  which id ent ifies end use by broad cat egorie s .  
The Federal Power Commis sion3 collects monthly data on fuels used by electric 
u t il i ties , from which some industrial end-use allocat ions may be estimated , 
again by broad categories ( e . g . , indus trial , resid ential , commerc ial ) .  

Within the past several years , the Department of  Commerce and the Federal 
Energy Administration have developed a vo luntary program of industrial energy 
conservat ion. In this program , industrial group s simultaneously report bo th 
total energy use and total produc t output as well as energy-use goals stated 
in t erms o f  a percentage reduc tion in energy use per unit  output (Commerce and 
Federal Energy Administrat ion 197 6 ;  hereinafter ref erred to as FEA) . These 
data are collec ted primarily by the trade as soc iat ions for the var ious indus
tries and are no t neces sarily related to the indust rial group of  the Standard 
Industrial Classification .  S inc e these trade assoc iations use d i f f erent meth
ods of acc ounting and their coverage of an indus try is variable , these data 
have been difficult to  organize into a common format . 

In addi t ion to the pr imary sourc es of data descr ibed above , there are 
numerous sources of  secondary or d erived data on indus trial energy consump t ion . 
These data sour ces are mainly a synthesis o f  primary data , which may be re
processed to meet  the analysis need s of spec if ic organizat ions ( see , for 
examp le , Beller 1 9 7 5 , Commerc e  1 9 7 6 , FEA 1 97 6 ,  Gord ian Associates 1974 , Inter
nat ional Resear ch and Technology Corporation 1 9 7 4 , Austin and Winter 1973 , 
Bullard et al . 1 9 7 5 ) . 

Data Need s 

The types of da ta needed for indus trial energy consump tion depend upon the 
primary user of these data and the use to which they will  be pu t .  The corpo
rate us er requires internally generated energy-use data to manage the proc
esses in a g iven establishment ' s  operat ions and to descr ibe the consequenc es 
o f  management d ec i sions a s  requ ired by the Energy Policy and Conservation Ac t 
and other legis lat ive and regulatory requirements . In both cases , energy ac
counting is an increas ingly impo rtant corpora t e  ac tivity that requir es new 
informa t ion on energy-int ensive processes and prices to be incorporated into  
management decisions . 

The governmental user need s data no t only to moni tor overall indus trial 
energy use but also to iden t i fy areas in which publ ic polic ies may have the 
greatest  potent ial for mod ifying prac t ices of industr ial energy consump t ion . 

3The Federal Power Commis sion , Bureau of Power , Divis ion of Power Surveys 
has a monthly comp i la t ion of Form-4 data , published monthly as a pres s release . 
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Data are needed to permit nat ional report ing , model ing , and analysis of indus
trial energy use , to ant ic ipate the response to various price traj ectories by 
industry group , and to estimate the ef fec t s  o f  cros s-fuel elas tic i ty on d e
cisions about industrial energy use and alterna t ive energy systems . Although 
spec i f ic indus tr ies may have adequat e  data to model energy use wi thin an in
dus try ,  bet ter data are needed to model energy use between industr ies . Such 
data include energy for extract ion and transpor t of raw materials , energy used 
in proc essing and fabr icat ion , fuels and elec tric ity required for manufac turing 
processes , and energy needed for wast e  disposal or recycl ing . 

To monitor changes in energy use in industr ial processes , current data on 
to tal indus trial energy consump t ion are , in themselves , no t suf f ic ient . Indus
trial energy use is  a product of two separate fac tor s :  the energy use per 
uni t  of produc t and the quantity of product produc ed . Withou t thi s separation , 
it  is diff icult to determine whether changes in in�ustrial energy use are due 
to changes in the energy ef f ic iency of processes or to changes in the quantity 
of produc t ion . When severa l different processes may be used to produce the 
same product , it would be desirable to have data on energy use per unit output 
on a proc ess-by-process basis as well . Such data are mos t  useful in those 
industries in which the processes are signi ficantly dif ferent in energy use 
but o therwise d irectly comparable ,  as for example , in the produc t ion of steel 
or aluminum . In the chemical industry , on the o ther hand , the numerous proc
esses used to produc e phenol , for example , may not be dir ectly comparab le , due 
to d if f erences in feeds tocks us ed or by-produc t s  produc ed . 

Although many industries are moving toward rout ine collecting and report
ing o f  energy consump tion data , there is li ttle cons is t ency among industr ies 
and their respec t ive programs . The Census Bureau Annual Survey of Manufactures ' 
data on fuels and el ec trical energy consumed is the only survey of energy use 
that is cons is tent acro ss manufac turing industr ies and tha t pro tec t s  the con
f iden t iality o f  individual data submiss ions . As a tool for the measurement of 
indus trial energy conservation , it  would be useful to imp rove this survey in 
three respects : 

1 .  The pres ent survey is published 15-18 months af t er the data 
are reported ; a more t imely presenta t ion o f  data would be 
useful . 

2 .  Fuel consump tion in agr iculture , mining , and cons truc t ion 
should be included in the survey , since these industries 
are maj or users of energy . Industrial energy consump tion 
should be allocated among the func t ional end uses--mater ials 
processing , transportation , and space cond i t ioning . In 
addition , the survey should inc lud e the consump t ion of 
hydroc arbons used for feeds tocks as a separate  category 
(as discussed in the no tes to Table 3 ) . This change 
would permit a bet t er match with the Bureau of Mines 
fuels and energy production da ta . 

3 .  Da ta should be collec ted (and identi fied separat ely ) on 
self-generated fuels , includ ing current ly unconventional 
sources such as solar energy , to compare eff ic iency on a 
process-by-process ba sis within spec i f ic industr ies . 
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These data a r e  mo st useful when bo th energy intensity (energy per uni t 
outpu t )  and total volume o f  output are repor t ed in phys ical  units and on a 
cons i s tent basis . Such consistency would be improved by (a)  uni form trea tment 
o f  purchased energy , feedstocks , and sel f-generat ed fuels , (b)  unif orm sectoral 
compos i tions in the tabulat ions provid ed by various federal agencies , and ( c )  
more precise allocat ion o f  industrial energy consump t ion to the funct ional end 
uses o f  materia l s  processing , transpor tat ion , and space cond i t ioning . 

POTENTIAL FOR CHANGE IN INDUSTRIAL ENERGY USE 

Modern industry has built an enormous cap ital plant in an era of rela
tively cheap energy . The d esign of  individua l equipment , plants , and entire 
systems of produc t ion has been based on the implic it premise that the cost of 
energy is small compared to practically any other cost  o f  produc t ion . Inef
f ic iency and heat losses in processing could be economically j us t ified because 
fuel pr ices were low . 

There is evidenc e that the price of  energy will  cont inue to increase . 
This price is not related j ust  to the cost of a barr el of o il , but al so to the 
costs of environmental protec t ion , the costs  of the saf e ty and heal th of bo th 
workers and the community , and the less tangible but very real costs of com
plexity in an increasingly interdependent soc iety . The quest ions of how these 
costs are levied and who shall pay them are important issues fo r public policy . 
The individual industrial decision maker is concerned wi th the relation between 
fuel pr ices , proces s eff iciency , and re turn on inve stment . Public policy is 
concerned with the collec t ive effec t s  of  these individual dec isions , the d if
ferenc e between market pr ices and total co sts , and the data required to assess 
their larger soc ietal consequences . 

Over the next 20 years , new industrial processes may have the potential 
to reduc e energy consump t ion per unit of output perhaps as much as 50  percent . 
I f  the present product ion volume and produc t output mix were to remain cons tant , 
this would cons t i tute a signi ficant reduct ion in industrial energy consumption . 
However , bo th produc t ion volume and produc t mix may also be expected to change 
s ignif icantly over the next 20 years . Changes in processes ( includ ing changes 
in fuel types ) and changes in produc t volume and mix are thus useful categor ies 
for data on industr ial energy consump t ion . 

Changes in Indus trial Proc esses 

Al ternate processes for indust r ial products of fer signif icant potential 
for reduc ing industrial energy consumpt ion per unit output . Within the range 
of exis t ing technology , for example , the elec tric furnace proc ess for making 
steel is about 50  percent more e f f ic ient than the blast furnace process ; the 
dry cement process has a maj or energy advantag e over the convent ional wet 
process (Cook 1 9 7 6 ) . Research and d evelopment of new techno log ies can also be 
expec t ed to provide significant changes in the efficiency of industrial proc
esses . During World War II , the average U . S .  aluminum smel ter requ ired 12 . 5  
kwh per pound . The average smelter today uses 8 . 0  kwh per pound , and one 
aluminum company is experiment ing wi th a new proc ess which requires only 4 . 5  
kwh per pound . 

Copyright © National Academy of Sciences. All rights reserved.

Energy Consumption Measurement:  Data Needs for Public Policy
http://www.nap.edu/catalog.php?record_id=20318

http://www.nap.edu/catalog.php?record_id=20318


5 2  

The rate a t  which these types of  bas ic changes in industrial proces ses 
wi ll occur is diff icul t to estimat e .  The data tha t will probably have the 
mos t  usefulnes s in es t imat ing industrial response are those that help to sp ec
i fy future energy cos t s . Data on industry ' s  average and marg inal cost expec
tat ions for energy would g ive  economic modelers  at leas t some ind icat ion of 
how ac t ively industry can be expec ted to pur sue energy conserva t ion measures . 
Improved data on future ranges of fuel pr ices and availabili ty would aid in 
narrowing the uncertainty that curr ently constra ins bus iness planner s to use 
a high d iscount rate in making proc ess-change inves tments ; data of this type 
do no t now exi st . The energy conservat ion goals d eveloped under the j oint 
Federal Energy Administrat ion/Department of Commerce Voluntary Industrial 
Energy Conservat ion program represent indus try ' s  own int egrat ion and est ima
t ion o f  the collec t ive effec t s  of  these fac tors (FEA 197 5a ,  Commerce and FEA 
1 9 7 6a ) . 

Changes in Fuel Types and Applicat ions 

Some types of process changes may also involve the use of a dif feren t  
type o f  fuel , or  d i f f er ent appl icat ions for fuels currently used . The change 
to a different type of fuel depends partly on price and par tly on availabili ty .  
A gas-f ired furnace for glassmaking i s  signif icantly more eff ic ient than an 
elec tric furnace ,  but the availability of natural gas as well as the unc er
tainty about its future ava ilability is at least as important a factor as pr ice 
in industrial d ecision making . Highly aggregated data at the nat ional level 
may no t be adequa te to evaluate  the effects of state or local variat ions in 
energy availabil ity and pr ic e .  A local shor tage that  has .  l it t l e  ef fect on 
nat ional da ta may have much more sever e ef fec t s  on spec ific industries at the 
state or local level . Thus , data on fuel use are l ikely to be mos t  useful when 
they ar e collec ted , maintained , and subsequently utilized at  the local , s tate , or 
reg ional level rather than at the more highly aggregat ed na tional l evel . Fuel 
use within local or regional areas may also vary signif icantly accord ing to 
the t ime of  year . For this reason , quar terly or even monthly data on indus
tr ial fuel use may be needed for the des ign and implementat ion of allocat ion 
polic ie s .  

A different type o f  d�ta problem arises when a n  indus try shi f t s  i t s  appli
cat ion of fuels . In some indus tries , there is signif icant po tential to use 
waste  heat from a primary process in secondary proc esses or in space hea ting . 
There is al so the potent ial for recovery and use of fuels such as still gas or 
coke gas . 4 These uses of  internally genera ted fuels or fuel equivalents may 
appear to reduce industrial energy consump t ion if data are available on only 
sales and purchases of commerc ial energy . At the extreme , extensive industrial 
use of heat and electric i ty from solar or other int ernally genera ted sour ces 
would show up in exist ing data series only as a reduction of  utility sales . 
Current data used to estimate future energy d emand ar e l ikely to overs tate 
tha t d emand unle ss realistic estimates of internal shifts  in fuel types and ap
plicat ions are taken into account . 

4s t ill gas is a res idual produc t of petroleum dist illation ; coke gas is a 
res idual produc t of  coking ovens . 
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Changes in Produc t Volume and Produc t Mix 

Long- t erm changes in the demand for goods and services can be expec t ed to 
affect both the volume and the mix of current industrial output . In some 
cases , the demand for c ertain types of produc ts , such as beverage containers 
or mor e durable automobile bumper s , may be altered direc tly and significantly 
by public policy . Public policy may also be effec t ive in changing the energy
consump t ion charact eristic s  of such produc t s  as automobiles and air condition
ers . In add it ion to such c hanges induced by public pol icy , ther e is the poten
t ial for large and slowly s hi f t ing changes in preferred s tyles of living and 
levels of consump t ion , which will reflec t  the demand for energy in the indus
tria l  sec tor . These long-t erm shifts  will affect bo th the size and the struc
tural composition of the gross national produc t .  

A useful way to determine the effec t s  of  the se types of changes for indus
try is to study countries that have his torically had wide dif f erences in energy 
costs . Many of  these s tud ies in the past have suf fered f rom the fact tha t the 
industry segment s being analyzed were not comparabl e .  For example , a paper 
mill in Wes t Germany , which impor t s  bleached pulp from Scandanavia , is not 
direc t ly comparabl e  to a f irm in the Uni ted States that grows and harves t s  
trees , bleaches pulp , and make s paper . Internat ional comparisons al so provide 
qualitative insight into a range of  possible industrial and societal alterna
t ive s .  The use of hea t recovered from the genera t ion of elec tric i ty for d is
tric t hea t ing in Sweden and the Soviet Union and the accelera t ing us e of nu
c lear elec tric i ty in Franc e ar e examples of area s in which such qual ita t ive 
d i f ferences may be observed , provided di ff erences in social and economic con
d i tions are taken into  account ( S tanford Research Inst itute 1 9 7 5 , Schipper and 
Lichtenberg 1 9 7 6 ) . 

SUMMARY 

The quinquennial Census o f  Manufac tures and the Annual Survey o f  Manu
fac tures provide a useful base for improvement of exist ing data ser ies of in
dustrial energy consump t ion . These data can be improved by more timely pub
l icat ion , inclusion of  agricul tur e ,  mining , and construc t ion data , and a con
sistent and inclusive treatment of self-genera ted fuels and feedstocks . Data 
on bo th t otal energy use and energy use per unit output are needed in physical 
units ,  classified by fuel type . Proc ess-by-process data are needed for some 
industries in which alternat ive proc esses are widely used . 

Industry ' s  statement s of  conservat ion goals may be considered an es t ima t e  
o f  the combined effects of changes in processes , pr ices , regulatory pract ices , 
and fuel availability . However , much more detailed data ar e needed to analyze 
the energy embod ied in finished produc ts  and to ident ify potent ial changes in 
mater ials and processes at each stage of  manufac ture . 

Much of the informat ion needed to monitor and predict  indu str ial energy 
consump t ion is rela ted to engineering data on the feasibili ty of techni cal 
modificat ions to industrial processes , f inanc ial data on cap i tal inves tment , 
and da ta needed for analysis of  the impac t s  of public polic ies such as regula
tio n .  It is beyond the scope of the Committee to d iscuss fully al l these 
d iverse data need s .  Nevertheless , it  i s  our view tha t energy con sump tion 

Copyright © National Academy of Sciences. All rights reserved.

Energy Consumption Measurement:  Data Needs for Public Policy
http://www.nap.edu/catalog.php?record_id=20318

http://www.nap.edu/catalog.php?record_id=20318


54 

prac t ic es in industry exist within a wider context of energy consump tion prac
tices in soc iety . S Improvemen t in data on energy use can aid significantly in 
identifying and evaluat ing the most  productive ways to influence those pub lic 
polic ies that apply to industrial energy use . In the t ime periods appropriate 
to energy research and development p lanning ( i . e . , 2 5  years or more ) , the im
pact o f  plausible soc ial change , suc h as fertility ra tes and lifestyle choic es , 
can be as profound as ener gy pric e  proj ections in shap ing long-range indus trial 
dec is ions abou t energy use . 

FINDINGS AND RECOMMENDATIONS : INDUSTRIAL SECTOR 

A principal deficiency in non-household energy consump tion data is the 
lack of a consi stent clas sificat ion of both end users and end uses of energy . 
We have defined the non-household use o f  energy in t erms o f  the indus trial 
sector and the commercial/service sec tor . In the indus trial sec tor , the Com
mittee concent rates on the most energy-int ensive industries and suggests  that 
ba seline dat a be obtained for those parts of  industry in which l i t t le system
atic informat ion has been gathered . An urgent need for the analysis of energy 
use is to specify a systematic classifica tion for both industry and commerce 
in which all energy-consumption activit ies can be loca ted and on wh ich both 
data-collecting agencies and data-using agenc ies can agree . 

Findings . The five most  energy- intensive industries in the United States 
--chemicals , primary me tals , pe tro leum and coal produc t s , paper and paper 
products , and oil and gas extract ion--account for over 60 perc ent of total in
dus trial energy in the U . S .  For the mo st part , these indus tries chang e the 
chemical or molecular struc ture of materials , a fac t that account s for their 
intrinsically energy-intensive nature . To proj ect future energy consump tion 
for these indus tries , it is the Committee ' s  view that data on potential changes 
in methods of materials process ing are most needed , s ince maj or changes in 
energy use in the energy- intens ive indus trial  sector will  probably take place 
as a consequence of shi fts in processing methods and techniques over the next 
severa l decades . 

· 

For indus tries in the category of  moderate-to-low energy us e per uni t  of  
output , reasonably adequate da ta are current ly available for  manu fac tur ing 
firms but no t for other f irms , such as mining , agriculture , and cons truc tion . 
These indus tr ies are charac terized by a great deal o f  heterogeneity in the proc
esses employed , and it does no t seem cost-e f f ic ient to study firm-spec ific 
processing operat ions . Rather , the mo st important task is to categorize and 
monitor energy consump t ion within these indus tries by the maj or func tional 
uses of space condit ioning , transpo rtat ion , and materials mod if ication . It  
is our belief that space cond i tioning and transpor tation uses are relat ively 
more important in these indus tries , but basic data need to be obtained first 
to document the exist ing pat terns o f  energy consump tion across indus tria l  
group ings . 

S" • . .  goods , as  well as j obs that require ma terials , f i t  into other 
soci al ac tivities in an interlocking scheme that is hard to change ; social con
figurations are as solid a real ity as raw materials"  (Keyfitz  1 9 7 6 ) . 
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Energy- Intensive Industries 

Recommendat ion . For energy-intensi ve i ndus t ri es ,  da ta are needed on both 

total energy cons umpti on and energy cons umpti on per uni t of speci fi c product 
outpu t .  These dat a  should be in both physi cal and dol lar uni ts and shoul d be 

cl assi fi ed by fuel type . In general , ann ual or bi enni al data woul d be suffi 

ci en t  for these industri es ,  since major process changes take pl ace gradual l y . 
MOreover , for some indus tri es , s t udi es should be made to det ermi ne the amounts 

of energy used for al terna t i ve processes tha t are in acti ve use for the same 

basi c product bu t tha t  are si gni fi cantl y di fferent in energy use . 

Recommendation . Beca use energy i s  s uch an importan t part of cos ts in 

�hese energy-intensi ve i ndust ri es , the Commd t tee recommends research to s tudy 

�he factors tha t infl u ence the choi ce of al t erna ti ve producti on processes , as 

wel l as mat eri al s s ubsti tutes , in the energy-intensi ve industri es .  It i s  im

portant to obtain da ta on pl a usi ble trajectori es of fut ure energy prices , the 

uncertainty surrounding expected pri ce changes , and expectations about the 
fut ure regu l a tory envi ronment in whi ch energy-use deci si ons wi l l  be made . It 

is a l so important to obtain da ta on the capi tal costs needed to modi fy or 

change the energy intensi t y  of indus tri a l  processes and on deci si on makers ' 

es timates of the uncertainties a t tached to fu t ure suppl i es of vari ous forms of 

energy . Al l these types of da ta a re essential for bui l ding model s capabl e of 

provi ding an adequate understanding of possi bl e fut u re changes . These meas ure
men ts shou l d  be repea ted at interval s ,  as expecta t i ons , cos t s , and pol i ci es 
change . 

Indus trial Sector as a Whole 

Recommendat ion . For the indust rial sector (aside from the fi ve mos t 

energy-intensi ve i ndus t ri es) , we recommend a benchmark s urvey be done to de

termdne the di s t ri b�t i on of energy uses among space condi tioning , transporta

t i on , and " al l  o ther" uses . In the course of developing thi s  survey , a rea 
sonabl y smal l  l is t  of "other" uses sho u l d  be sel ected to organi ze dat a  abo u t  
the myri ad o f  energy -consumption acti vi ties in this ca tegory . 

It i s  unl ikel y tha t energy used for space condi tioning and transporta t i on 
is si gn i fi can t in the energy-in tensi ve indus t ri es , but there are insuffi cient 

dat a a va i l abl e to examine that question ful l y . A t  a l ower l evel of pri ori t y , 

we recommend that the benchmark survey of the moderate-to-low energy-intensi ve 

i ndustries a l so incl ude suffi ci ent sampl ing of the most energy-intensi ve in

dustri es to provi de a t  l east order-of-magni t ude es tima tes of the energy used 

for t ransporta t i on and space condi t i oning . 

Recommendation . We recommend tha t ful l er advantage be taken of the data 

presentl y avail abl e  in the Burea u of the Census Annual Survey of Manufactures 

and tha t the Ann ual Survey of Manufact ures be augment ed to incl ude agri cul t ure , 
mdning, and construction . Thi s wi l l  further require more consi s tent defini t i on 

and reporting of sel f-genera ted fu el s and fuel s used as feeds tocks . A more 

�imel y presenta t i on of prel iminary da ta woul d be useful , accompanied by esti 
mat es of appropria te confi dence l imi ts .  
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Recommendation . Al though anal ysi s o f  t echni ca l  change in energy suppl y 

condi tions i s  ou tsi de the scope of the ComR!d t tee , we recommend tha t  a t ten t i on 

be gi ven by the appropri a t e  advisory bodi es to the possi bi l i t i es of recl aiming 

industrial by-products tha t are now was ted , s uch as use of waste hea t for space 

condi t i oning of nearby s t ruct ures or for re- use in o ther l owe r-tempera t ure proc
esses . The i ss ues invol ved are both techni cal and insti t u t ional , and largel y 

outsi de the Commd t tee ' s  scope--but we think i t  i s  i mportan t for energy poli cy 

genera l l y  to examine them .  Furthe r ,  i t  i s  i mport an t  to obtain da ta on the po

ten t i al for industri a l  shi fts in fuel types . Whi l e  fuel shi fting ma y  not re

sul t in a net change on energy use , the cumul a t i ve effects of such shi fts can 
be i mportant nat i onal l y .  Improved da ta are needed to inves ti ga t e  the exten t  

t o  whi ch s uch shi fting can occur and the condi tions that mi ght hi nder o r  faci l 
i ta t e  i t .  

Demographic Data 

Recommendation . The ComR!d t tee recommends , as they did for the househol d 

sector (see Chapter 2) , t ha t  careful use be made of exi s ting demographi c data 
(1) to i mpro ve unders tanding of the effects on energy consumpti on of changi ng 

ferti l i ty ra tes and other demographi c characteri sti cs ,  especi a l l y  househol d 

forma t i on ,  l abor force part i ci pa tion , and the effecti ve l ength of the work 
week , (2) to project wi th greater assurance the pla usibl e  di rections tha t 
energy cons umpti on ma y  take in the fut ure , and (3)  to understand bet t er the 

energy and economi c impacts of demographi c trends and changes . 
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No tes t o  Table 3 

In the preparation o f  Table 3 ,  several inconsi s tencies among existing sets 
of indus trial da ta became apparent . First , three o f  these indus tries , o il and 
gas extract ion , new construct ion , and agr iculture , do not usually appear in 
mos t  tabulat ions of this type . Second , recent tabulations by the Federal 
Energy Adminis trat ion includ e  feeds tocks in chemical and al l ied produc ts be
cause they are no t eas ily separable from fuels in the bas ic petrochemical 
plant s .  Coke used in steel manufac turing is no t included in the Federal Energy 
Admin istration tabulations but has been included in Table 3 .  

The total energy consump t ion est imates for the 11 largest energy-consum
ing industries in Table 3 includ e three fac tors : energy purchased for hea t and 
power , fuel mater ials used as feeds tocks , and self-generated fuels crea ted in
c idental ly in the produc t ion process . Although sel f-genera ted fuel s do no t 
cont r ibute to deplet ion of energy supplies per se , they are important to the 
analysis of alternat ive produc tion processes in some industries . Feedstocks 
and sel f-generated fuels represent a signi ficant frac tion of the total  energy 
u s e  for each of  the five largest industries shown in Table 3 .  There i s  cur
r ent ly no exist ing national program of energy data collec tion that collects  
and publishes industrial energy consump t ion on this ba s is . Consequently , Table 
3 has been derived from several different sour ces and assump t ions , whi ch are 
d i s cu s sed s eparat ely for each S tandard Industrial Classificat ion (SIC )  code 
entry below. 

Chemicals and Al l ied Produc ts (SIC 2 8 )  

From the 1 97 1  Census survey d i scussed above , fuel s used for heat and 
p ower for S IC 28 were 2 . 78  quads (Commerce 1 9 7 3 ) . This was adj us ted by the 
Fed eral Reserve Board (FRB) produc t ion indices for 1 97 1  and 1 97 2  to obtain 3 . 1  
quads , not inc lud ing feedstocks . Using da ta from the Bureau of Mines Mineral 
Industry Survey , the 1 974 petrochemical feed s tock domestic demand wa s 0 . 7 
quads (reported as 363 , 000 BBD ) (Commerce  1 9 7 5c , Interior 1 9 7 5b ) . Again , ad
j us t ing by the FRB product ion indic es for 1 9 7 4  and 1 97 2 , a f eed stock equiv
alent of 0 . 6 quads is obtained . Natural gas used as feedstocks has been 
estimated from the Bureau of Mines ' April 5 ,  1 9 7 6  news release summarizing 
domestic supply and demand for natural gas (Int erior 1 9 7 6 ) . This release shows 
7 2 7  tri llion Btus of na tural gas energy used for chemical feeds tocks in 1974 . 
Again , adj us ting by 1974  and 1 97 2  FRB produc tion ind ices , we estimate  0 . 7 quads 
o f  natural gas feedstocks used by the chemical indus try in 1 9 7 2 . This brings 
our es t imate of the to tal energy used in 1 9 7 2  by SIC 28 to 4 . 4  quads ( 3 . 1  + 

0 . 7 + 0 . 6 ) . 

Primary Me tal Industries ( S IC 3 3 )  

Thi s category represents the producers o f  iron and steel plus the pro
ducers of nonferrous metals .  S ince the Fuels and Elec trical Energy Survey of 
the Census of Manufac ture s does not inc lude the coal us ed in iron and s teel 
produc t ion , the total iron and steel mill energy use was obtained from a 
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detailed survey conduc t ed by  the Amer ican Iron and S t eel Inst i tut e (American 
Iron and S teel Ins titut e 197 2 ) . This survey is conduc ted annually and obtains 
consump t ion f igures for each fuel and feeds toc k .  Based on responses from c om
panies repre sent ing 8 9  percent of steel mill produc t shipment s in 1 9 7 3 , an 
estima t ed total o f  3 . 0  quad rillion Btus of  energy wa s consumed for fuel and 
feed s tock by blast  furnace and steel mill ( SIC 3312)  operat ions . To get  the 
total for SIC 3 3 , the energy use for the remaining industries in thi s group 
was obtained from the 1 9 7 1  Survey of the Census of Manufac tures and then ad
j us ted to 1 9 7 2  us ing the ra t io of the FRB durables product ion indices for the 
pr imary nonferrous indus try for the two years (Federal Reserve Board 1 9 72 ) . 
This gave a total of 0 . 9 quadrill ion Btus for these remain ing 3- and 4-d igi t 
sec tors and a total of  3 . 9 quads for the SIC 3 3  totals . 

Petroleum and Coal Product s  (SIC 2 9 )  

This  category is dominat ed b y  pe troleum refining , which represen t s  more 
than 95 percent of the energy used . Energy a t tr ibutable to pe troleum re fin
ing inc ludes only the energy used to separate and reorganize the various com
ponents o f  crud e oil , no t the energy embodied in the crude oil being proc essed . 
Aga in , for this indus try the Census Survey of Manufactures cover s only the 
petroleum produc t s  that ar e defined as fuels ( e . g . , fuel o ils , na tural gas , 
etc . )  and speci fically does no t cover s t ill gas , tars , e tc . , whi ch cons t i tute 
a very subs tant ial port ion of refinery fuel . From the survey , we f ind a total 
of  1 . 6 quads of fuels and energy purchased in 1 9 7 1 , which adj us ts  to 1 . 7  quad s 
for 1 97 2 .  Again , the Bureau of  Mines monthly pe troleum statement (Interior 
1 97 5a ) g ives a f igure for still gas as fuel o f  1 . 1  quads (481 , 000 bbl /day) in 
1 974 , which conver t s  to 1 . 0  quads in 1 9 7 2  on the basis  of FRB product ion 
indices . This figure app ears to be low , sinc e other stud ies have ind ica t ed 
that natural gas and still gas ar e used in almo s t  equal amount s .  The Census 
survey shows 1 . 4 quads of na tural gas used by this indus try .  Therefor e , it 
was as sumed that 1 . 4  quads of  still gas were used and to tha t  0 . 2 quad s were 
added ( 6% o f  total ) for the other miscellaneous ma t erials used for fuel to 
get the total of 3 . 3 quads . This may be somewha t hi gh , but it corresponds 
wi th the Conferenc e  Board s tudy f igures (Myer s e t  al . 1 9 7 4 )  for the petroleum 
indus try ' s  energy use . 

Pap er and All ied Produc t s  ( S IC 2 6 )  

S ince the pap er indus try uses waste  liquor and wood was t e  f o r  a large 
frac t ion of their energy requirement , i t  is no t pos s ible to use the Census 
survey for the to tal energy demand of  this indus try . However , the American 
Paper Inst itute conduc t s  an annual survey of energy use wi thin thi s indus try , 
and their 1 9 7 2  to tal of  2 . 2  quads ha s been used . This number does not include 
the conver ted produc t s  segment (SIC 284 ) o f  the indus try . Bas ed on the t o tal 
shown in the 1 9 7 1  Census survey for SIC 264 ( . 07Q)  and adj us t ing for 1 9 7 2  
produc t ion , 0 . 1 has been added t o  g e t  the total o f  2 . 3  quad s shown in Table 3 .  
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O il and Gas Ext raction (SIC 1 3 )  

A s  a separate activity , the Census Bureau publ ishes a Census of Mineral 
Indus tries (Commerce 1 9 7 5a) , inc lud ing an analysis of fuel s and electric energy 
c onsumed . This report inc ludes no t only pur chased fuels and power but also 
fuels produced and consumed within the same establishment for heat or power . 
S inc e the mining indus tries consume no hydrocarbons for f eedstocks , we ar e able 
to obtain the total fuel and energy used in oil and gas extraction from the 
Census study . For SIC 1 2 , a total energy use of 1 . 4  quad s in 1 9 7 2  was repor ted , 
and this f igure was used in the tabulat ion . 

Stone , Clay , and Glass Produc ts (SIC 3 2 )  

S ince this industry uses n o  hydrocarbon feeds tocks and produces no self
generated fuels , we have used the energy consump tion to tal shown in the Census 
of Manufac tures 1 9 7 1  survey ( 1 . 3  quads ) .  Adj us ted to 1 97 2  on the ba sis of FRB 
produc tion ind ic es , it remains 1 . 3  quads . 

· 

New Const ruc t ion (SIC 15-1 7 ) 

There is no rout ine , formal collection of energy data for the construc t ion 
indus try . The Univers i ty of Illino is analysis ent i t led "Energy Flow Through 
the U . S .  Economy" (Commerc e 1 9 7 6 )  is based on 1 967  energy use by sec tor s of  
the  economy . This shows 1 . 05 quad s of d irec t  energy for  cons truct ion from 
petroleum ( 1 . 031Q ) , na tural ga s ( . 016Q) , and elec t ric ity ( . 007Q ) . This was 
increased by 11 . 5  percent , represent ing the dif ference in cons truc t ion expen
d itures ( in constant dollars )  between 1 967  and 197 2 .  From thi s figure were 
ob tained the 1 . 2 quads listed in the table . 

Food and Kindred Product s (SIC 20)  

This indus try covers the processing of food following agr icul tural ha r
vesting . Again , this is an industry that uses no hydrocarbon f eed s tocks and 
us es no self-generated fuel materials . Accord ingly , we have us ed the 1 9 7 1  
Census survey fuel and energy use of 1 . 03 quads . Adj ust ing to 1 9 7 2  on the 
basis of product ion indices , we get 1 . 05 quads as shown in Table 3 .  

Agriculture 

The agriculture industry is similar to cons truc tion in tha t no rout ine , 
formal collec tion of en�rgy use data i s  being made . For our tabulat ion , we 
found that the U . S .  Depar tment o f  Agr iculture had prepared an estimate of  
1 9 74 energy use  in agr icultural produc t ion at  the  reques t of the  Federal Energy 
Administra tion (U . S .  Department of Agricul ture 1 9 7 6 ) . The following data from 
this s tudy were given to us by the Economic Resear ch S erv ice of the Depar tment 
o f  Agricul ture : 
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Fuel 1 9 74 Use 

Gasoline 3 . 6  X 109 Gals 
Diesel fuel 2 . 6  X 109 Gals 
LPG 1 . 7 X 109 Gals 
Natural gas 9 2 . 0  X 109 Gals  
Electricity 32 . 3 X 109 Gals 

Employing s tandard conver sion factors to ob tain equivalent heat ing value 
give s a total of 1 . 2  quads in 1974 , which in turn convert s  to 1 . 1  quads for 
1 9 7 2 , using the ra t io of farm input indices for the two years . 

Total Indust rial Energy Use 

The annual totals published by the U . S .  Bureau of Mines showing demand 
distribu tion for fossil fuels are the acc ep t ed sour ce for total indus trial 
consump t ion of fuels and feedstocks . Some adj us tment and addit ions are re
quired , however , to obtain " total indus try" on the same basis as our previous 
tabulations of  the largest  energy-consuming indus tries . The adj usted data are 
shown below : 

Energy Source 

Coal 
Petroleum and synthetic gasa 
Natural gasa 

Asphaltb 
Electric i tyc 

Process residualsd 

(Paper industry )  
INDUSTRIAL TOTAL 

1 9 7 2  
B t u  x 105 

4 . 2 7 
5 . 78 

10 . 5 9 
. 91 

2 . 2 7 

. 92 
24 . 7 2 

From thi s total , the energy use in the 11  larges t energy-consuming indus tries 
was sub tracted to obta in the "all o ther " ent ry of  Table 3 .  

�/These da ta  are based on Bureau o f  Mines repor t s  o f  fos sil fuel consumpt ion 
for 1 9 7 2  and have been converted to Btu equivalent s by the Federal Energy 
Adminis tra t ion . The data are from the "Proj ect Independence Blueprint , "  Table 
H-8 ,  Appendix A-1 ,  prepared by the Federal Energy Adminis tra t ion , November 1974 . 
b / S ince the Bureau o f  Mines allocates asphal t to the commercial sector , this 
figure is ba sed on 80 perc ent (es t imate)  o f  total asphal t us ed in construc t ion . 
c /Thi s value is based on Edison Elect r ic Ins titute s ta t is t ic s  for 1 9 7 2  as 
repor ted by the Federal Energy Administra tion in "Proj ect Independence Blue
pr int , "  Table H-8 , Appendix A-1 .  
�/This value is from the Amer ican Paper Ins t i tute (API ) survey of 1 9 7 2  energy 
use in the U . S .  pulp and paper indus try ; i t  was received from Jef frey Duke of 
AP I in a telephone conversat ion April 26 , 1 9 7 6 . 
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CHAPTER 4 

ENERGY USES IN THE COMMERCIAL/SERVICE SECTOR 

INTRODUCTION 

In this report the commerc ial/service sec tor refer s  to Divisions F-K of  
the S tandard Industrial Classification (SIC , discussed in Chap ter 3) , which 
inc lude wholesale and retail trade , f inancial services , health and education 
servic es , governmental activities , and non-household transpor tation . Multip le
family rental housing , although frequently included in the "coliDDercial sector , "  
is treated in this r eport as par t of the household sec tor , because energy use 
decisions in multip le-family dwellings are roughly similar to those of owner
occupants . 

The estimated func tional end uses of  energy in this sector (excerpted from 
Tab le 1)  are presented in Table 5 .  

TABLE 5 End Uses of  Energy in the ColiDDercial/Service Sector 

Estimated P ercent- Estima t ed Percent-
age of age of 

End Use National To tal ColiDDercial &ector 

Space conditioning 6 . 9  35 

Transportation 7 . 3  3 7  

Other 5 . 3  27  

TOTAL 19 . 5  100 

This chap ter is concerned primarily with the energy used for space conditioning 
in buildings and transportation in the coliDDercial/service sec tor . The "other" 
category covers a number of highly diverse ancillary ac tivities--running type
writers and elevators , street light ing , cooking and refrigerating food , and 
operating X-ray machines . Although the "o ther" category is fairly large , its 
great heterogeneity sugges ts that the data needed to moni tor and understand 

6 1 
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patterns of energy consumption in this category would be relatively more expen
sive to ob tain and relat ively less produc tive as an ins trument of public policy . 
Hence ,  we have not discussed the "other" category of energy consump tion in the 
commercial/service sec tor in detail . However , this category should receive 
some attention af ter other high priority concerns have been at tended to . 

As d iscussed in greater detail below , the Committee finds tha t data needed 
by building owners and operators , utilities , the financial community , and 
government agenc ies to describe and monitor energy consump tion for space con
ditioning (as well as "other" uses) in commerc ial buildings are currently in
adequate . In contras t ,  data needed to descr ibe and monitor fuel use for com
mercial transportation , except for c er tain unregulated areas , are markedly 
better and may be signif icantly improved by minor modifications to existing 
sys tems of data co llec tion . 

ENERGY USE IN COMMERCIAL BUILDINGS 

Definitions and Assumptions 

The problems of energy consumption measurement for commercial buildings 
are more diff icult than those of the other sectors covered in this report . 
These dif f iculties s tem from several causes : ( 1) the lack of uniformity in the 
definition and concep t of  the various activities tha t  constitute this sector ; 
( 2 )  the wide d iversity of ac tivities covered by the sector and the d iversity in 
the types of s truc tures and equipment used ; and ( 3 )  the lack of basic data 
necessary to describe energy use even at the aggregate level . 

There are several definitions of  the commercial sec tor used by government 
agencies and private trade associations . In mos t  cases the definition is 
ob tained by the process of elimination and includes all indus tries and services 
that are not in the household , agricultural ,  transportation , mining , or manu
fac turing sectors . Sometimes the definition excludes utilities ; in other cases , 
not .  Governmental activity also may or may not be inc luded (FEA 19 74 ,  S tanford 
Research Ins titute 19 7 2 ) . 

The Federal Energy Adminis tration defines the commercial sec tor as Divi
s ions F-K and part of E of the SIC (U . S .  Office of Management and Budget 
19 7 2 ) . 1 Divisions F and G cover wholesale and retail trade (p . 241) ; Divis ion 
H is the Finance ,  Insuranc e ,  and Real Estate Division (p . 259) , inc luding both 
residential and non-residential rental property . Division I inc ludes a wide 
range of  service es tablishments and is defined by the S tandard Indus trial 
Classif ication Manual (p . 295)  as 

Isee , for example , contrac t C0-03-5-346-00 (June 30 , 1 9 7 5 )  of the Federal 
Energy Adminis tration with Jack Faucett Associates , Inc . (p . 7 ) : " • • •  provide 
data or es timates of energy consump tion and prices for the commerc ial sector of 
the U .  S .  economy�• (SIC Divisions F ,  G ,  H ,  I ,  J ,  and K plus the remainder of 
D ivision E) . 
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• • • estab lishments primarily engaged in providing 
a wide variety of services for indiv iduals ,  busi
ness and government es tablishments , and other 
organizations . Hotels and other lodging places ; 
es tabl ishments providing personal , business , 
repair , and amusement services ; health , legal , 
engineering and other profess ional services ; 
educat ional ins titutions ; member ship organiza
tions , and other miscellaneous services , are 
included . 

Pub lic administration , which inc lud es the activities of all branches of  
f ederal , s tate , and local government , forms Division J (p . 334) . Division K 
inc ludes those establishments that cannot be classified with other d ivisions 
( p . 347-8) . 

The remainder of Division E included in the Federal Energy Administration 
d e f inition of the commercial sec tor are es tab lishments providing communications 
service ( includ ing the postal system) and electr icity , gas , steam , water , and 
sanitary services (p . 219) . The transportation segment of E is not included in 
this definition . 

The American Gas Association ( 19 7 5 )  has developed a much broader def inition , 
based upon the definitions of individua l gas utilities . Commercial service 
cus tomers as defined by the American Gas Association include es tablishments in 
the agriculture , fores try , f isheries , and transportation sectors , in addition 
to the sec tors included in the FEA definition . 

The Edison Electric Ins ti tute ( 1 9 7 5 )  repor ts variation in the way that 
electric utility companies define the commercial sec tor . Some companies may 
define commerc ial users as those whose kilowatt or electric ity demand exceeds a 
certain number of kilowatt hours per month . This definition actually deter
mines the ra te at which the company bills , rather than de fining the sector. 
However ,  other elec tric companies define it  as those users who fit  into the SIC 
categories listed above . S till other companies define it as the SIC divisions , 
including rental and non-rental residential buildings that have over four units 
and more than three s tories and are serviced by a single master meter (Midwes t  
Research Ins titute 19 7 5 ) . There are many other examples of diversity in defi
nitions of the commerc ial sector used in energy studies by private research 
organizations and governmental agencies (University of Oklahoma 19 7 5 ) . 2 

This lack of consistency in definitions of the commercial sector used by 
differ ent groups who develop information for this impor tant sect or of the 

2see , for example , the ques tions related to the commercial sector that Data 
Resources , Inc . lists in their proposal to the Elec tric Power Research Ins t i tute . 
These ques tions include "How do definitions (of  the commercial sec tor ) vary by 
state or utility ? "  "Are commercial elec tricity , gas , or o i l  cus tomers the same 
as commercial establishments ,  as defined by the U .  S .  Census Bureau (govern
ment , trade and services ) ? "  ''Who are commerc ial cus tomers for electricity ? "  
(Data Resources , Inc . , "proposal to develop a model o f  the demand for energy 
in the commerc ial sec tor , "  Technical Proposal RFP- 3198 to EPRI ) . 
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economy causes problems for researchers in analyzing present and future energy 
use and leads to subs tantial differences in the es t imates of the amounts of 
energy consumed (compare FEA 19 74 and S tanford Research Institute 19 7 2 ) . Even 
if a standard definition of act ivity to be covered by this sec tor were developed 
and agreed to , it would still be very difficult to model energy consump t ion , 
because the range of activities conduc ted within the sector and by individual 
units themselves is so wide . Hospitals , for example , operate around the clock , 
utilize a variety of medical equipment , and provide meals and laundry service . 
For this reason , they have higher energy requirements pe r square foot than , 
for examp le , warehouses , which are used mainly for s torage , have low require
ments for space conditioning , and utilize very little in the way of auxiliary 
equipment . 

A recent study of energy consump tion in commercial es tablishments in 
Bal t imore (Rittman Associates 19 75)  illus trates some of the problems involved 
in measuring energy consump tion for commercial buildings . The number of each 
type of commercial es tablishment and its square footage were not available for 
buildings in the Baltimore central business district . The survey gathered data 
on the height , square footag e ,  glass characteristics , age , and space condition
ing systems . I t  was found that individual types of buildings vary by a fac tor 
of f ive in the amount of energy used per square foot , according to both the 
func tion for which the building was used and its struc tural charac teris tics . 
Table 6 indicates how energy-consump tion characteristics in commercial buildings 
vary wi th use . 

TABLE 6 Energy Consump tion of 383 Existing Commercial Buildings 
in Bal timore 

Type of Use 

Res taurants 
Night clubs 
Drug stores 
Food storesa 

Department s tores 
Hotels /motels 
Banks 
Offices 
Personal services 
Small s tores 
Theaters 
Warehouses 

SOURCE : Rit tman Associates 

Average Annual 
Energy Use Rate ( in 
Btu/ Sq Ft Per Year) 

300 , 000 
253 , 19 2 
232 , 6 7 2  
206 , 986 
164 , 4 12 
146 , 59 7  
144 , 634 
124 , 647 
117 , 318 

95 , 378  
7 5 , 844 
61 , 9 73  

19 75 . 

a/noes not include supermarkets . 

Number in 
Sample Size 

25 
23 

6 
5 

2 7  
6 

15 
87 
26 

132  
2 

29 

Total Square 
Footage 

in Sample 

70 , 991 
42 , 479  
15 , 303 

5 , 704 
1 , 142 , 175  

950 , 400 
68 , 743 

6 , 4 7 7 , 049 
46 , 299 

383 , 443 
51 , 608 

439 , 4 70 

Copyr igh t  © Nat iona l  Academy o f  Sc iences .  A l l  r igh ts  reserved.

Energy  Consumpt ion  Measurement :   Data  Needs fo r  Pub l ic  Po l i cy
h t tp : / /www.nap.edu/ca ta log .php?record_ id=20318

http://www.nap.edu/catalog.php?record_id=20318


65 

When data of this sort on energy use in commercial buildings are reported in 
aggregate form as "commercial" sector or as " residential / commercial"  sector,  
important sources of variation may become obscured . For many purposes , such as 
zoning , building codes , land use planning , and lending practices , data are 
needed at a much lower level of aggregation . 

Exis ting Data in the Commercial/Service Sec tor 

Data on energy consump tion in the commercial/service sector consis t of 
d isparate bits and pieces for different segments of the sector collected by 
numerous government agencies ,  utilities industry groups , and trade associations , 
without any coherent organizing principle . 

The Bureau of Mines survey on reserves , produc tion , and consumption of 
fuels and electricity has been the most frequently used source of data in 
recent studies ( Interior 19 7 3 ,  annual ) . However , the Bureau of Mines data do 
not generally provide information on which components of the sector are con
suming fuel , the specif ic fuel consumed , and the quantities of the individual 
fuels consumed by end use . 

The Federal Energy Administration and the Energy Research and Development 
Administration are conducting a series of studies to collec t data on energy 
consumption in office buildings , schools , and hospitals in different parts of 
the country . The hotel and motel industry is developing a survey to determine 
how energy is consumed in the industry and how it can be conserved .  

The Nat ional Retail Merchants Association surveyed the segment of the re
tail indus try that engages in interstate commerce ( i . e . , large multi-state 
chain stores) and found that 80 percent of the total energy consumption was 
electricity--used primarily for air conditioning and lighting . The retail 
sales indus try does not have a systematized data collection effort under way , 
but individual chains of s tores and shopping center management firms collect 
internal data on energy consumption . 3 S ince 1970 , data on energy consumption 
and prices have been collec ted for office buildings by the Buildings and Off ice 
Managers Association (1975)  for prime commercial office buildings in central 
business districts . In 19 7 1 , as part of a study of depreciation practices of 
building owners , the Treasury Department conducted a survey of the characteris
tics of  the 1969 s tock of non-res idential buildings (U . S .  Department of Treasury 
19 75) . 

There is no consistency in the def initions of the activities included , the 
functional uses covered , the design charac teristics of the buildings in which 
the energy is consumed , the units in which energy consumption is measured , or 
the time period to which the consumption is related . Data collection efforts 
in this sector would be much more useful if they were coordinated in order to 
establish cons is tent definitions and baseline periods for data collection . 

3comments of Lawrence R .  Green , Corporate Energy Administrator , Sears , 
Roebuck and Co . ,  for the National Retail Merchants Association at the Ad Hoc 
Indus try Group for Energy Conservation in Buildings , National Bureau of 
Standards , March 17 , 1976 . 
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Data Needs for Monitoring Energy Consump tion 

Despite the diversity of act ivities included in this sector , the maj or end 
use of energy is space conditioning . As shown in Table 5 ,  about 35  percent of 
energy consumption in this sector is for this purpose . The three maj or deter
minants of space conditioning consumption levels in commercial buildings are 
the physical , operat ional , and temporal occupancy characteristics of buildings . 
The phys ical characteristics include the location , the climate , and the site 
of a building wi thin a specific geographic area . The architectural design and 
thermal proper ties of the shell determine the basic parameters of the energy 
use . In addition ,  the design and operation of the hea ting , ventilating , and 
air conditioning sys tems strongly influence energy consump tion . The operational 
characteristics refer to the s tock of equipment and energy-using appliances 
within the specific struc ture--universities , for example , have a dif ferent 
inventory of energy-using equipment than retail stores . These characteristics 
in turn depend upon the number of people who occupy the building and the nature 
of their activities . Temporal characteristics refer to the time patterns of 
occupancy of the building . Hotels are occup ied on a 24-hour basis ; office  
buildings may  be occupied only 50 hours a week . The consumption patterns of 
these types of buildings are s ignificantly different . 

Thus , a basic data need in this sector is for information on the exis ting 
stock of buildings and on their energy-using characterist ics , as well as infor
mat ion on the func tional uses of the s tructure . Data are needed , for example ,  
on the design and type o f  building , heating o r  air condit ioning system ,  con
trol system, lighting system , building material , amount of glass , and insula
tion characteristics . 

A definition of the relevant physical parameters to be measured should be 
es tablished . For examp le , some reports have defined the area to be measured 
for energy consump tion by the physical dimensions of the building , while others 
define it in terms of the rental area alone . Maj or problems arise in the ab
sence of a standard definition of area or volume--for ins tance , is an indoor 
garage in a building considered part of the energy-consuming space of a 
building ?  S tandardization of the def inition of the space and use of space 
would be a maj or step toward better description and modeling of the energy
consuming characteristics of buildings . 

Information is also needed on the technical requirements of building con
s truction and operation . At present , not very much is known about the rela
tionship of building standards to the use of the buildings , e . g . , do office 
buildings need more or less ventilation than movie theaters to maintain com
parable comfort levels ? Information should also be collected on the rates of 
measured heat flow through specif ic types of buildings . Data should be col
lected to determine where potential savings are available now through modi
f ication and where design changes in construc tion are poss ible in the future . 
For ins tance , one of the potential modif ications that has been suggested is a 
change in lighting standards in retail stores and office buildings . I t  may be 
that the cost of making changes in lighting is very high to retail store 
owners ; however , when proposed as part of a normal renovation cycle , retailers 
might be amenable to these changes . 

Informa t ion is needed to determine the savings under different standards 
of ventilation and lighting and the costs in terms of comfor t ,  work efficiency , 
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and health . The Energy Research and Development Adminis tration i s  des igning a 
program to change ventilation standards in hospitals , but information is not 
yet available on the standards necessary to maintain the opera tions of different 
types of hospitals and health ins titutions . Fur thermore , data are scarce on 
the stock and thermal characteris tics of buildings as occupied by health 
ins titutions . 

An examination of the data currently availab le for energy consump tion in 
this sector sugges ts that data on energy consumption should be collec ted on a 
sample survey basis to es tablish benchmark energy consumpt ion data . The survey 
design and the samp le size should be developed to yield es timates for the many 
disparate units of the commercial/service sec tor . 

Several mechanisms of data collec tion exist that could be used for the 
f irs t s tep of data collection . The National Center for Education S tatistics 
collects a variety of data on primary and secondary schools direc tly or through 
contractors . It might be possible to design and at tach ques tions on energy 
consumption to the individual surveys of the Center to collect initial informa
tion on the energy-using characteristics of schools by type of building and 
geographic location . For institutions of higher learning , the American Council 
on Education could be asked to include questions on its higher education sample 
surveys . 4 

The General Services Adminis tration lists all buildings owned or leased by 
the federal government (FEA 19 75b) . The Department of Defense has a listing 
of buildings owned or leased and used by the military (U . S .  Office of Manage
ment and Budget 19 76) . These lists could be used as sampling frames for 
consumptiop surveys of federal es tablishments . 

Individual states list the build ings that they own or lease . A sample 
within each of the census regions could be designed to determine the space and 
the energy-using charac teris tics of the buildings used by local governments . A 
sample could be used to survey local governments to determine the number of 
buildings they occupy ,  the square (or better , cubic )  footage , the energy-con
suming characterist ics of these buildings , and informat ion on energy actually 
consumed in recent years ( see , for example , Hess et al . 19 76) . 

4Letter to H .  Richard Holt from David I .  Newton , Execut ive Director of the 
American Council on Education , Association of Physical Plant Adminis trators , 
National Association of College and University Bus iness Offices Energy Task 
Force ,  dated January 20 , 19 76 : "Having rec eived a grant from the Exxon Cor
poration , we are now in the process of designing an overall energy management 
program to assist ins titutions of higher education in their efforts to effec
tively manage resources , both fuel and financial . A crit ical part of this 
program is the assembling of accurate data to represent the cost , consumption 
and conservation investment trends across higher education . In cooperation 
with the Higher Education Panel of the American Council on Education , a survey 
has been developed and mailed to a s tatist ically relevant sample of 642 
colleges and universities . "  
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Summary 

The data on energy consump tion for commercial buildings are very incom
plete . A s tandard definition of the sector should be developed so that the 
data from different sources would be comparable . Next , data should be collected 
on the number , cubic or square footage , energy-consuming characteris tics , and 
uses of commercial buildings . Data needed for measuring energy consump t ion in 
these buildings relate to a broad spectrum of policy issues ; for instance , data 
are needed for builders and managers to design energy management programs for 
individual buildings . Similarly , data from experiments and case s tudies are 
needed by f inancial institutions , architects , building owners , and operators . 
These data would be useful in analyz ing the costs and returns of capital inves t
ment made to conserve energy . Finally , energy consump tion data are necessary 
for the development of improved utility demand proj ect ions and modeling of 
nat ional demand for energy . 

ENERGY CONSUMPTION IN COMMERCIAL TRANSPORTATION 

Background 

Commercial transportation is not organized as a separate sector in any 
current federal da ta series . However , this component of transportation is 
important because it accounts for an estimated 7 percent of to tal national 
energy consump tion and 17 percent of all petroleum consumption , second only to 
the private automobile . 

Commercial transportation includes a large number of diverse combinations 
of vehicles , fuels , and types of operation . It illus trates the comp lexity of 
attempting to sys tematically organize potential federal energy polic ies and 
associated energy consump tion data : ( 1 )  the sector is quite heterogeneous , 
including vehicles from motorcyc les to ships ; ( 2 )  there exists no commonly 5 
agreed upon def inition of the sec tor ; ( 3 )  at least a dozen f ederal agencies 
have policy authority in some aspect of commercial transportation ; and (4)  
fuel -use data are uneven in quality and availability ; existing data are widely 
scattered among federal and s tate agencies , trade associations , and proprietary 
sources . 

Su. S .  Department of Transportation 
National Highway Traff ic Safety Adminis tration - vehicle safety 
Federal Highway Adminis tration - highways ,  truck size and weight 

Bureau of Motor Carrier Safety - driver and in-use safety , 
noise enforcement 

Federal Aviation Adminis tration - air safety 
Federal Railroad Adminis tration - railroads 
U .  S .  Coas t Guard - shipping 
Urban Mass Transit Administration - public transit 

Environmental Protection Agency - noise and gaseous emissions 
Interstate Commerce Commission - truck , bus , and rail routes , rates , 

and entry 
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In transportation as a whole , an estimated 141 billion gallons ( 18 . 5  x 10 
Btu) of petroleum products were consumed in 1973 . 6 We es timate that about one
third of this total (47 billion gallons ) was used in the commercial/service and 
industr ial sector . The remaining two-thirds were consumed by cars , trucks , and 
other vehicles used for personal transportation . 

Patterns of Fuel Use 

The maj or uses of fuel by commercial transportation are shown in Table 7 .  
This table also includes fuels used by a relatively small number of vehic les 
b elonging to the residential and industrial sector that cannot be identif ied 
separately . Trucks used for freight account for over 50 percent of non-house
ho ld transportation fuel use--a maj or use of fuels . 

Commercial aviation is the second larges t consumer of fuels , accounting 
fo r about 2 3  percent o f  total commercial transportation fuel use . Most 
commercial aviation is regulated and submits periodic financial and 
operating data to the Civil Aeronautics Board (Civil Aeronautics Board 19 75) , 
f rom which fuel consumption data may be obtained in detail . Some small frac
t ion of commercial aviation fuel use , such as that consumed by non-regulated 
intra-state airlines , is not included in reports of the Civil Aeronautics 
Board but may be reported to state agencies . Data on air freight , which is 
growing rapidly , as well as improved data on passenger origins and des tination , 
may be of particular interes t in the future (Pilati 1975) . In addition ,  fuel 
used for commercial aviation is not easily separable into that used for passen
g er transportat ion and that used for freight . With these exceptions , fuel-use 
data in commercial aviation are bet ter than those for any other mode of trans
portation . 

Data availability varies widely for fuel used by the other modes of trans
port . All Class I railroads report fuel costs in detail to the Interstate Com
merce Commission . Fuels used in inland waterways are largely untaxed and un
regulated , so few data are available . Data are scant for off-road vehicles . 

The remainder of this chapter will concentrate primarily on federal 
policies and associated fuel consumption data needed for trucks us ed for 
freight . The tru�king industry is highly diverse and accounts for a large 
fraction of total commercial transportation fuel consumption . Commercial 

Civil Aeronaut ics Board - air line routes , rates , and entry 
U .  S .  Department of Labor 

Occupational Safety and Heal th Administration - worker health 
and safety 

Army Corps of Engineers - inland waterways , barge traffic 
General Services Administration - government transportation and 

procurement 
U .  S .  Department of Interior - park service 
U .  S .  Postal Service - mail trucks 
U .  S .  Depar tment of Defense - all services 

6Estimates derived from U .  S .  Department of Transportation ( 19 7 5 ) . Non
petroleum fuels are also used for transportation , but they account for only 
about 4 percent of total transportation energy use . 
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TABLE 7 Estimated Fuel Consump tion by Mode of Transportation ( 1973) a 

Gallons Percentage 
Mode of Transportation ( in Millions ) of Total 

Highway 

Trucks used for freight 24 , 200 5 1 . 4  
Buses 84 7 1 � 8  

Air 

Certificated carriers 10 , 68 2 22 . 7  
General aviation (es t imated)  925  2 . 0 

Marine 

Ships and barges 5 , 701 12 . 1  

Rail 

Locomot ives 4 , 246 9 . 0  

Other 

Transit (electric) 2 , 331 x 106 Kwhb 190 0 . 4  
Transit (non-elec tric ) 310 0 . 6  

TOTAL 47 , 143 100 . 0  

SOURCE : Estimates derived from U .  S .  Department of Transportation (1975) . 
Non-petroleum fuels are also used for transportation , but they account 
for only about 4 percent of total transportation . 

a /Automobiles , trucks , and motorcycles used for personal transportation 
excluded . 

b / Kwh converted to gallons , us ing a conver sion factor of 1 kwh • 0 . 08 
gallons as derived from "Monthly Energy Review , " PB 2 7 2-769-10 , FEA , October 
1975 . "Trans it " includes city and local bus , local railway , subway , trolley , 
airport transportation service , and other . 
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aviation , rail , pipeline , and marine transportation are either more fully 
regula t ed or account for smaller fractions of fuel use , or both . These modes 
of transportation pres ent less difficulty for the acquisition and maintenance 
of fuel consump t ion data . The other modes will not be discussed further , 
except when mode shifts  may be impor tant to monitor future trends in fuel use . 

We have not discussed fuels used for military purposes , al though they 
account f or a signif icant share of national petroleum consumption and an even 
larger share of petroleum consumption at tributable to the federal government . 
In 19 7 3 , military uses accounted for approximately 10 billion gallons of fuel . 
Cook ( 19 7 6 ) 7 has estimated military uses of fuels , based on Department of 
Defense data ; they are shown in Table 8 . 

TABLE 8 Estimated Use of Fuels by the Military (1973)  

Millions of Millions of 
Type of Fuel Barrels Gallons 

Jet fuels 150 6 , 300 
Aviation gasoline 7 290 
Navy special fuel oil 28 1 , 100 
Dis tillates and diesel 45 1 , 890 
Motor gasoline and other 8 340 

TOTAL 238 10 , 000 

Both the data needs and the public policy opt ions for energy consump t ion for 
military transportation are significantly different from those of the house
hold , indus trial , and commercial/service sectors of the economy and are no t 
treated further in this report . 

Trucks8 

In 19 74 , 23 . 9  million trucks were registered in the United S tates (Motor 
Vehicle Manufac turers Associat ion 19 75a) . More detailed data on trucks are 
available only for 19 7 2  (Commerce 19 75d ) ,  and we use this year as a bas is for 
discussion . In 19 72 , 19 . 7  million trucks were in use (exc luding government
owned trucks ) , and they traveled a total of approximately 244 b illion miles . 
Slightly more than 8 million of these trucks (41%) and 79  billion truck miles 
(32%)  were accounted for by the use of trucks as personal transportation (see 

7I t  should b e  noted that these f igures d o  not agree with those o f  U .  S .  
Department of Transportation (1975) , which , for example , reports about 16 , 000 
million gallons of j et fuel used in 1973 . Subtracting the 10 , 700 million 
gallons by commercial aviation implies 5 , 300 million gallons used by the mili
tary . Classif ied data on military consump t ion are not included in these 
f igures . 

8Trucks used for personal transportation are excluded from all weight 
c lasses in this discussion . 
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Chap ter 2) . Some of these trucks us ed for personal transportation are un
doubtedly also used partially for commercial purposes , but exis ting data do not 
permit separation of personal and commercial use . 

Trucks used for freight illustrate a range of potential f ederal policies 
for which improved energy consump tion data are needed : ( 1 )  to monitor total 
nat ional consump tion of petroleum ; ( 2 )  to model the effects of technological 
developments upon future fuel use ; ( 3 )  to es t imate the effects of regulatory 
practices on fuel consumption ; and (4)  to help the industry make decisions 
about oppor tunities for energy conservation . The range of po licies includes 
voluntary and educational programs to modify fuel use , fuel price changes 
through increased taxes , mandatory fuel-eff iciency s tandards (such as those 
imposed upon automobiles by the Energy Policy and Conservation Ac t of 1975) and 
regulatory and other non-price policies , such as highway speed limits . 

Data on Fuel Consump tion 

Data Availab ility 

Extensive da ta on numbers and types of trucks are available . Data on regis
trations , vehicle stocks , sales , truck types , and miles driven are collected by 
the Department of Transportation (Federal Highway Adminis tration) , Inters tate 
Commerce Commission , Bureau of the Census , s tate motor vehicle departments ,  and 
trade associations such as the American Trucking Associations and Motor Vehicle 
Manufacturers Associa tion . Data on numbers of trucks. , types of trucks , miles 
traveled , maj or use , and commodities carried have been collected by the Bureau 
of the Census Truck Inventory and Use Survey in 1963 , 1967 , and 19 7 2  (Commerce 
19 75) ; the survey wi ll be repeated in 19 7 7 . The sample for this survey is 
composed of about 100 , 000 trucks , stratified by state and by size of truck 
within s tates . Trucks owned by governments are not included in this survey , 
but some data on federally owned trucks are available from the General Services 
Administration (annual) , and da ta on trucks owned by s tate and local govern
ments are availab le from the Federal Highway Adminis tration ( 19 7 3 ) . In spite 
of the re latively large amount of data on trucking in general , specific data on 
fuel consump tion by trucks are not  available . Data in the Truck Inventory and 
Use Survey provide es tima tes of the numbers of trucks using gasoline or d iesel 
fuel , but quantities of fuel used are not reported . 

For expositional purposes , it  is possible to estimate the relative pro
portion of fuels used by trucks of differing weight classes by making plausi
ble assump tions about fuel efficiency . Table 9 shows estimated fuel consump
tion by weight class for trucks used for purposes other than personal trans
portation . 
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TABLE 9 Estimated Fuel Consumption of Trucks by Weight Class 

Department of 
Commerc e  No . o f  

Weight Gross Vehicle Trucks a Truck Miles Assumed 
Category Weight ( lbs . )  (thousands)  (millions) MPG b 

Light � 10 , 000 6 , 800 78 , 600 9 
Medium 10 , 001-20 , 000 2 , 510 2 5 , 900 7 
Light -heavy 20 , 001-26 , 000 810 8 , 600 6 
HeaY:I-hea!I � 26 , 001 1 1 480 51 1 800 5 

TOTAL 11 , 600 164 , 900 

Estimated 
Gallons 

Consumed ( in 
millions) 

8 , 700 
3 , 700 
1 , 400 

10 1 400 

24 , 200 

a/Based on U .  S .  Department of Commerce (19 75) ; trucks used for personal 
t ransportation are excluded from all weight c lasses in this discussion . 

b/Assump tions based on U .  S .  Department of Transportation and Environmental 
Pro tec tion Agency (1975) ; see also FEA (197 4) . 

This table shows the distribution of fuel consump t ion by weight class to be 
b imodal . Light trucks account for roughly 40 percent of all fuels consumed by 
trucks simply because there are so many of them . Trucks with gross vehicle 
weight in excess of 26 , 000 pounds also consume roughly 40 percent of all fuels 
used by trucks because of their combined high mileage and low miles per gallon . 

I t  is p lanned that the 19 7 7  Truck Inventory and Use Survey will collect 
two additional items of data not previously collected : f irs t , miles per gallon 
for each truck and whether or not the miles per gallon reported are "accurate 
or estimated " ;  second , whether the truck is equipped with any of three specif ic 
types of fuel conservation equipment : radial t ires , air shield , or c lutched 
fan . 

The remainder of the discussion will concentrate on heavy duty freight 
trucks for several reasons : 

1 .  S ince almost all of  these trucks are used for business 
purpos es , the decisions on purchase and use of these 
vehicles are made primarily according to economic 
criteria . 

2 . These vehicles comprise about 13 percent of all 
commercial trucks , but account for about 30 
percent of all truck miles and about 40 percent 
of the total consump tion of fuels by trucks . 

3 .  Many of these trucks are regulated and thus 
present several prac tical opportunities to 
improve existing data series in terms of 
energy use . 

4 .  There are extensive fuel conservat ion pro
grams for these trucks under way wi thin the 
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Department of Transportation , the Environ
mental Protection Agency , the Federal Energy 
Administration , and the trucking indus try . 
Improved fuel consump tion data are needed 
to evaluate the effectiveness of these 
programs and to es timate future fuel demand . 

The demand for fuel used by trucks is influenced by several factors . 
Trucking activity is s trongly dependent on the level of act ivity in those busi
nesses that use trucks to transport products or to provide services . The fuel 
consumed by trucks is a function of the physical characteris t ics of the truck , 
the weight and size of its load , truck speed , trip type ,  and dis tance . Driver 
behavior as we ll as the regulatory environment in which some trucks operate 
also influence fuel consump t ion by trucks . 

Types of Data Needed 

Current federal and trucking indus try programs to modify the fuel consump
tion of large trucks deal with : 

• Technological modifications to existing and new stocks of 
trucks , such as improved aerodynamic characteris t ics , 
driveline changes , demand-responsive fans , low-rolling 
resis tance tires , and turbo-charged diesels . Such 
modifications af fect  the fuel used on a given trip . 

• Regulatory modif ications such as more uniform size and 
weight limits , utilization of double trailers , routing 
and load utilization res tric t ions , and model shif ts . 
These regulations affect the number of trips , routes , 
and equipment type used . 

Programs also cover modifications to truck operating procedures , including 
reduced idling time , load make-up , and dispatching practices , improved driver 
training , and observation of 55-mph speed limits . However , these fuel con
servat ion measures do no t readily lend themselves to systematic data collection 
or analysis . This section will discuss specific examples of technical and 
regulatory data needed . 

Technological Modif ications . Fuel costs  for commercial trucking are a 
smaller proportion of total operating cos ts than they are for transportation 
in the household sector ; driver wages and terminal cos ts account for a large 
part of this difference . For this reason , commercial trucking fuel-use deci
sions may be less sensitive to fuel price than they are to expec ted future 
availability of fuel and the regulatory environment . 

In the shor t run , however , fuel-use decisions are sensitive to fuel prices , 
primarily because they affec t profits . Recent increases in fuel costs have 
s t imulated programs sponsored by both government and the trucking indus try to 
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promote fuel conservation . 9 One such method of promoting fuel conservation is ! 
to ins tall devices to reduce aerodynamic drag on large trucks (California Insti
tute of Technology 1974 , Innocep t  Inc . 1975) . These devices consist of retro
fit t ed equipment designed to s treamline the air flow over a truck body , thereby 
reducing air drag and decreasing fuel consumption at a given speed . 

The costs of these devices , when compared with the expec ted fuel savings , 
seem to indicate a pay-back period of about 60 , 000 miles of operation (Motor 
Vehicle Manufacturers Association 19 76) , which is less than twice the average 
annual mileage of heavy duty trucks . This trade-o ff seems quite at tractive , 
but very lit tle informat ion is available on the extent to which drag reduction 
devices have actually been ins talled by truck owners . As mentioned earlier , 
collec tion of these data is planned for the 1977 Truck Inventory and Use Survey . 

Drag reduction devices are j ust  one example of fuel-conserving equipment . 
Similar data are also needed for other devices , such as diesel turbochargers ,  
high-torque rise diesel engines , radial tires , tag axles , and more efficient 
driveline components ,  including automatic transmissions and clutched fans . 
Behavioral data also needed include data to evaluat e  the effectiveness of 
driver training and driver monitoring programs and other operational modifica
tions . As with other types of data on fuel consumption , data are needed to 
design policies to modify the demand for fuel , even though fuel costs are a 
relat ively small but noticeab ly increasing fraction of total cost . 

Much of this type of data already exis ts in the form of research reports , 
but it is fragmented and incomplete in terms of what is needed by either 
governmental agencies or the trucking indus try . Many of the existing data have 
not been synthesized into information that is usable to those individuals and 
firms who make decisions about the installation and use of retrofit equipment . 

Regulatory Practices 

Effects of Truck Size and Weight Limits. S tates place varying limits on 
truck size , weight , and configuration . Non-uniform s tate limits affect both 
the route and the equipment used on interstate freight in such a way as to 
increase total fuel consumption . In particular , size limits , weight limits , 
and restrictions of multiple trailers may cause trucks to be limited either in 
volume , for low-density cargo , thus increasing the numbers of truck trips 
required to haul a given volume , or in weight , to the lowest state limit of an 
interstate route (American Trucking Associations 1975) . 

Fuel consump tion by trucks is not direc tly proportional to payload weight . 
Increases in payload weight result in less than proportional increases in spe
cific fuel consumption . Consequently , fuel efficiency may be improved by 
increasing size and weight limits , but increased size and weight may also have 
consequences unrelated to fuel use , such as increased damage to  roads , increased 
noise , and decreased safety . Few data are available on the combined effects of 
changes in size and weight limits , highway damage , noise abatement , and safety 

9 For example , the Truck and Bus Voluntary Fuel Improvement Program spon
sored by the Department of Transportation , the Environmental Protec tion Agency , 
and the Federal Energy Administration . 
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and emissions cont rol equipment . 1° Controlled field experiment s may be neces
sary to measure the effects of these variables ,  both singly and in combination .  

Mode Shifts 

Previous discuss ion of fuel use by trucks emphasized the data needed to 
analyze the efficiency of a particular mode of transportation ; such analysis 
concerns owners , operators , and design engineers . The customers of commercial 
transportation , concerned wi th analyzing the efficiency of alternative modes of 
transportation , need a different kind of information . Truck , rail , and a ir 
freight are not fully substitutable due to differences in bulk and weight of  
commodities shipped , dis tance , timeliness ,  and convenience . For the modes of 
transportation that are interchangeable , data are needed on a commodity-by
commodity and route-by-route basis to analyze (a)  those route and commodity 
combinations for which shif ts are feasible and (b)  the net fuel consumption 
consequences of such shifts . In general ,  these data tend to be produced as a 
result of specif ic analytic studies rather than enumerative surveys (Roberts 
19 75) . 

Increased truck- train piggybacking and increased use of containerization 
to permit truck-ship , truck-rail , or truck-aircraft integration of transporta
tion modes are examples of long-term trends that wi ll affect the demand for 
fuels in commercial transportation . Such shifts also have effects  upon safety ,  
noise , and pollution , which must  b e  evaluated . (Mode shif ting for passenger 
transportation is discussed in Chapter 2 . )  

Load Utilization 

Some fraction of all truck miles are run empty or with partial loads . Pub
lished es timates of emp ty miles vary widely , from 8 percent to 40 percent . Part 
of this failure to utilize load capacity fully is a charac teris tic of equipment 
specialization for the commodity shipped (automobile carriers , dump trucks ) , or 
geographic imbalance (e . g . , the amount of freight shipped out of Washington , D . C . 
does not equal the amount shipped in) . Data are needed to measure the ac tual 
extent of empty backhauls and their potential reduction , exclusive of irreduc
ible fac tors of the distribution sys tem . ll  As in the case of shifts  in modes of 
transportation , such data are needed on a commodity-by-commodity and route-by
route basis . 

lO A p reliminary st udy of  these factors is contained in a draf t entit led 
U .  S .  Government Interagency Commercial Vehicle Pos t  - 1980 Goals S tudy . 

llThe Federal Energy Adminis tration and the Interstate Commerce Commission 
are currently conduc t ing an empty mileage survey . The Department of Trans
portat ion also conduc ts an annual survey of empty-loaded distribution . 
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Summary o f  Data Needs 

Because of the highly differentiated nature of the trucking industry , data 
quality and availability are uneven . Data on private fleet trucking and other 
unregulated carriers are inconsistent and incomplete compared to those for the 
regulated f leets , who mus t report operating and financial data . Much research 
data exis ts at the federal level on the potential of technical devices to 
improve fuel efficiency , but they do not appear to be well disseminated within 
the trucking indus try . 

The extreme diversity of truck types , routes , and commodities carried makes 
it unlikely that fuel efficiency standards , such as those for automobiles in the 
Energy Policy and Conservation Act of 1975 , could be agreed upon for trucks , at 
lea s t  not based on weight class alone . The effects of technological changes , 
either for new or modified trucks , as well as the effects of tax or fuel price 
policies , can be es timated accurately only if very detailed data are available 
on trip types , load size and weight , vehicle characterist ics , and route con
ditions . 

At the beginning of this discussion of trucks , four general areas were 
lis ted in which improved fuel consumption data were needed for federal policies . 
For trucks , such data are those needed to monitor national consump tion , to model 
the effec ts of technological changes , to evaluate regulatory practices , and to 
inform users . 

Monitoring National Consumption 

Data from the Truck Inventory and Use Survey of 1977  will provide adequate 
information to monitor national fuel consumption by trucks , both through pub
lished data and through other tabulations made possible through the public use 
tapes . Annual updates on a subset of the larger sample would be desirable .  In 
addition , it would be use ful to have fuel-use data on the 40 percent of all 
trucks whose maj or use is personal transportation but that may also be used 
part ly for commercial purposes . 

Modeling the Effects  of Technological Change 

Data on the adop tion of three specific fuel conservation devices is p lanned 
for the 197 7 Truck Inventory and Use Survey , but information is also needed for 
other devices and for new truck designs that incorporate a total sys tems approach 
for fuel efficiency . An open-ended ques tion on the Truck Inventory and Use Sur
vey would provide these data . 

Evaluating Regulatory Pract ices 

In the pas t , regulatory practices were designed to accomp lish obj ectives 
other than modifying fuel consumption . Even today , data on fuel consump t ion 
are only one aspect  of a multip le-criteria decision . For examp le ,  truck size 
and weight regulations interact with the factors of noise , road damage , safety , 
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and pollution in regulatory policy design . Specific analytic studies rather 
than extensive enumerative data are needed to evaluate  the fuel consumption 
consequences of regulatory practices . 

Informing Users 

Data and information are needed by the individuals and f irms who make 
decisions about the use of more fuel-efficient equipment . S ome such data now 
exis t but are usually not organized or disseminated in a form usable by the 
industry . 

Although trucking has been discussed here as a specific example , these con
clusions about needs for data on energy consumption app ly to other modes of 
commercial transportation as well . Data are needed that include fuel use by 
both regulated and unregulated portions of fleets of similar vehicles . The 
unregulated port ion of the trucking industry is quite large ; the unregulated 
portion of commercial aviation is small . Data are needed to separate personal 
and commerc ial uses of fuel in vehic les that are used for both purposes ; this 
applies primarily to light trucks . Finally , data are needed that  separate fuel 
used for passenger transportation from those used f or freight , primarily to 
evaluate the effects of shifts of freight from trucks to aircraft . 

FINDINGS AND RECOMMENDATIONS : COMMERCIAL/SERVICE SECTOR 

Finding . The lack of a consistent definition of the commercial  sector 
seriously interferes with careful account ing o f  energy consumption. Energy used 
in the commercial/service sector is dominated by transportation and the space 
conditioning of buildings . So few details are known about energy use and the 
characteris tics of energy-consuming structures and equipment in this sector 
( except for cer tain regulated us es in the transportation area) that the mos t  
urgent need is for a benchmark survey o f  energy consumption pat t erns . 

Definition of the Sector 

Recommendation . The Committee recommen ds that federal agen cies with 

authority to make policy in en ergy con sumption areas of the commercial/service 

sector un dertake a program to specify an d stan dardiz e the defin ition of this 

sector. The defin ition may be based upon the Standard In dustrial Classification 

system but n eed n ot be limited to it for en ergy accoun tin g  purposes. Such a 

program should also stan dardiz e elemen ts, such as floor space, within the sector. 

Greater con sisten cy would be esp ecially useful in defin in g an d reportin g in tho se 

areas of the comme rcial/ service sector that curren tly can not be accurately sepa 

rated fro m the household or in dustrial sectors, particularly multiple-family 

dwellin gs, light trucks, an d some portion s of agriculture. 
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Commercial Buildings 

Recommendation . The Commi ttee recommends that a benchmark survey of 
energy use in commercial bui ldings be undertaken . This survey shoul d  obtain 
information on energy used for space condi tioning , and all "other" uses , wi th 
appropria te speci fi ca tion of subca tegori es . In this benchmark survey , a t ten
tion to space condi tioning shoul d be primary , since i t  is our view tha t i t  
represents the most importan t prospect for changes in energy use in this 
sector . Da ta on space condi tioning incl ude type of building ma terial and 
construction , type of hea ting , ven ti la ting , and air condi ti oning system and 
associa ted regula tion control s ,  and varia tions in comfort level s .  Beca use 
energy use in commerci al bui l dings is so heterogeneous , we further recommend 
tha t ,  as a minimum , this survey classify energy use in buil dings on the basi s 
of age , size (cubi c footage) , na ture and use of in ternal equipmen t ,  temporal 
pa tterns of occupancy , the publ ic or pri va te (lessor and lessee) na ture of 
decisi ons concerning energy use , and the na ture of the opera tion and control of 
hea ting , cool ing , and lighting equipment . 

Space Conditioning 

Recommendation . For the commercial/service sector as wel l as the house
hold sector (see Chapter 2) , the ComnU t tee recommends tha t studies be made , on 
a na tionwide sampl e of struct ures , of the rel ation between energy consumed for 
space condi tioning wi thin struct ures , the physical characteri stics of struct ures , 
the beha vior of occupants ,  and the in tensi ty of equipment use wi thin structures . 
We also recommend tha t research and developmen t be undertaken to develop instru
ment s  for measuring the rel evant energy-consumption characteri stics of exi sting 
struct ures , wi th an eye toward simpl e ,  inexpensi ve , and easy-to-opera te instru
mentation . Such instrumentation fal l s  into two general ca tegori es : {1 ) tha t 
whi ch enabl es indi vidual bui lding occupants to moni tor and control the use of 
exi sting equipment , and {2) tha t whi ch suppl i es da ta needed to precipi tate 
constructi ve investment deci si ons . 

Commercial Transportation 

Recommendation . For the transporta tion componen t of the commercial/ 
service sector , da ta are needed principall y for unregula ted modes of transporta 
tion and for those routes and commodi ties for whi ch shifts from one mode of 
transporta tion to another mode may be infl uenced by publ ic pol ici es . The 
larges t users of petrol eum products for commercial transporta tion are trucks , 
and si gnificantl y improved da ta on their fuel use wi l l  be col l ected by the 1 977 
Truck Inventory and Use Survey . However , these da ta may be improved further for 
pol i cy purposes by (a ) separa ting personal and business uses of trucks , (b) 
obtaining addi tional da ta on the extent to whi ch technological modifica tions 
tha t improve vehicl e fuel effi ciency ha ve been adopted and wi th wha t effect , 
and (c) more frequent reporting on subsets of the larger sampl e .  Da ta needed 
to eval uate the effects of changes in regula tory practices mus t come from 
anal ytic studi es ra ther from than from enumera ti ve surveys . 

Copyright © National Academy of Sciences. All rights reserved.

Energy Consumption Measurement:  Data Needs for Public Policy
http://www.nap.edu/catalog.php?record_id=20318

http://www.nap.edu/catalog.php?record_id=20318


Copyright © National Academy of Sciences. All rights reserved.

Energy Consumption Measurement:  Data Needs for Public Policy
http://www.nap.edu/catalog.php?record_id=20318

http://www.nap.edu/catalog.php?record_id=20318


CHAPTER 5 

ASSESSMENT OF ENERGY POLICY 

INTRODUCTION 

Throughout this report , data on energy consumption have been discussed in 
terms of three broad purposes : monitoring , modeling , and assessment . Previous 
chapters have stressed the monitoring and mode ling of energy consumption ; this 
chapter concentrates on assessment--especially the assessment of public policies 
intended to affect pat terns and levels of energy use in the nat ion . 

Some policies may be designed to reduce energy consump tion either in gen
eral or in certain forms . Other policies may be des igned to shift  to more 
efficient pat terns of energy use . S t i ll others may be des igned to encourage 
the substitution of one fuel for another . Whatever the obj ectives of a policy , 
it is usually possible to express those obj ectives in measurable terms . If  a 
public policy is designed to reduce the use of  gasoline by households , then it 
is pos sible to express the reduction in quantitative terms : number of gallons 
of gasoline used by households . Even when the intended ef fects of a public 
policy are stated in more abs tract terms , it is poss ible to give it quantitative 
expression . If the obj ective of a policy were to achieve distributive justice 
in the use of energy , for example , it would be difficult to express this 
quantitatively , bu t it would be possible to develop f ormulas for per capita 
entitlement . 

Even though policy obj ectives can be transformed into measurable terms , 
other difficul ties may impede policy assessment . Many factors other than public 
policy affect the patterns and levels of energy use .  For example , an unusually 
severe winter may produce fluctuations in fuels used f or home heating that 
obscure the effects of a recently ins tituted policy that provides incent ives for 
home insulation . In short ,  a change in energy consumption that occurs af ter a 
change in policy has been adopted may ref lect many other changes as we ll . 

The ar t of assessing public pol icy depends on designing data collection 
and analysis to remove the effects of non-policy factors and thus estimate the 
"pure" effects of policy . Essent ially , there are two strategies for removing 
the effects of extraneous factors in policy research : s tatistical and experi
mental . S tatist ically , such effects can be removed through the use of multi
variate statistical analyses . The effectiveness of this approach is heavily 
dependent on good (properly specif ied ) models of the phenomenon be ing studied . 
To the extent that a model correctly identif ies causal factors for the energy 
consumption at which the policy is aimed , the model also prescribes the factors 
to be  held constant statistically in order to assess the policy . (For a 
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comprehensive discussion of policy assessment and evaluation , see Gutt entag and 
S truening 1976  and Rossi  and Williams 197 2 . )  The modeling ac tivi ties discussed 
earlier are thus critical to policy assessment because they provide an inventory 
of p laus ible competing exp lanations of changes in energy consump t ion ; an analys t 
demons trates the effects of a policy by testing and s tatis tically eliminating 
alternative explanations . 

The second maj or approach to the assessment of public policy is controlled 
and randomized field experimentation . In experimentation , changes in factors 
other than the policy being s tudied are eliminated f rom analysis by means of 
exper imental control . By des igning experimental conditions under which a policy 
is implemented and otherwise comparable control conditions under which the 
policy is not implemented , the purest possible estimate of the policy effects 
can be ob tained . Such controlled experimentation is par ticularly import ant in 
assessing policies that are beyond the range of data on which available models 
are based . Models of consumer behavior based on pas t  gasoline prices might not 
apply , for example , to circums tances in which gasoline prices are five t imes 
higher . The more innovative a proposed policy and the more qualitatively 
different its content and the context in which i t  is likely to be adop ted , the 
more important it is that there be prospec tive experimentation . (See Riecken 
and Boruch 1974 and Bennet t  and Lumsdaine 1975 for excellent discussions of 
experimentation . )  

The disadvantages of experimentation are subs tantial ,  however . Experiments 
are usually more expensive than non-experimental procedures , and they are more 
diff icult to  prepare and conduc t .  Sometimes they also present ethical problems 
in the treatment of human subj ects , as when people in the experimental group 
are to enj oy some special advantage that those in the control group by definition 
wi ll no t receive . For these reasons , we advocate the extensive use of non
experimental as well as experimental methods of policy assessment . 

NON-EXPERIMENTAL METHODS 

Non-experimental methods are built around naturally occurring variations 
in policies and in energy use ,  including dif ferences between localities , s tates , 
regions , and nations . Non-experimental stud ies or quas i-experimental studies 
can also be des igned around naturally occurring policy changes and the effects 
of policy implementation . 

Local Variations in Policy 

S ince the Uni ted S tates contains a variety of local political j urisdictions , 
each of  which may have developed energy policies appropriate to its situation 
and authori ty ,  there may be enough variation in policy among regions , states , 
or smaller polit ical j urisdictions to provide assessments o f  the effects of 
some alternative policies on energy consumption .  For examp le , public utili ties 
in different parts of the country charge different base prices f or electricity : 
the effects of price levels on electricity use can be approximated by comparing 
consump t ion of electricity for s imilar households under different pricing 
sys tems . The value of such analyses depends heavily on the ability of the 
analys t to adj us t for competing explanatory fac tors , such as climate , charac
teris tics of housing , the prices of substitute fuels , and household income . 
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International Comparisons 

Comparisons with other countries provide an opportunity to s tudy a broader 
range of policies than is available in the Uni ted S tates . A number of European 
countries have a level of per capita income close to that of the United S tates , 
yet their per capita energy consumption and their energy consump tion per dollar 
of gross domestic product is substantially less than those in the United S ta tes . 
Despite the limits on conclusions imposed by the many factors that make countries 
d i fferent , international comparisons can serve policy makers in two ways . Firs t ,  
they can suggest the varying effects o f  the broad range of  policies found in 
countries that use les s  energy than the United S tates . Second , they can display 
some of the limi ts of human adap tation wi thin the ins titutional and technologica l 
cons traints of  Western indus trial society . In designing policies intended to 
capture the advant ages of alternat ive energy consump tion practices , especially 
alternatives provided by new technology , it is important to estimate the prac
tical po tential wi thin the limits set by social s tructures comparable to our own . 

Before-and-Af ter S tudies 

Policies and practices change over time , and it  is possible to take 
advantage of those changes to evaluate the effects of the policies themselves .  
For example , automobile purchase patterns in 1972-73 can be compared wi th those 
of 197 5-76 , or the s ize , number ,  and efficiency of air conditioners sold in 
those year s can be compared . Average insulation used in new building cons truc
tion can be compared before and af ter changes in FHA regulations . Such compari
sons require that the "bef ore" data are available or can be  recons tructed and 
that effects of other s imultaneous ly changing variables can be estimated with 
suff icient precis ion to permit attribu tion of cause and ef f ect to the policy 
being studied . 

The r eal world is one in which many processes occur simultaneous ly . Policy
induced changes may ei ther be masked or exaggerated by such p rocesses . The 
ability of an analys t  to unravel the ske ins of cause and effect in assessment 
s tudies depend s on the availability of good models of energy consump tion pro
cesses , models that provide reasonable exp lanations of what caus es shifts in 
energy consump tion . Such models can be used to hold constant the non-policy 
factors that might be obscuring the effects of policy . The most  obvious 
limitation of be fore-and-af t er s tudies is also the mos t  serious : the naturally 
occurring events available for s tudy may not include suff icient varia tion in 
factors relevant to the policy changes that are of interest .  

Implementation S tud ies 

The question of how a policy is implemented is cr itical for evaluative 
activities , and it mus t not be answered by casual assumption . Ef forts at policy 
assessment during the pas t two decades have unearthed a problem no t ordinarily 
dealt with by either monitoring or modeling : failure to carry out an announced 
policy . All too o ften i t  turns out that the policies adopted are ei ther imper
fec t ly carr ied out or not carried out at all ( see Will iams and Elmore 19 76) . 
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For example , there is consensus that decis ions to enrich the school curriculum 
for underprivileged children under the Elementary and Secondary School Ac t of 
1965 were poorly carried out in some school systems and were no t carried out at  
all  in others . If an enacted policy is not really placed into operation , it 
cannot have an effect . 

Policies that involve little organizational change are easier to carry out 
than those that require considerable organizational change . For example , a 
policy tha t involved changing the price of energy through taxation might not b e  
a s  difficul t t o  implement a s  a policy that imposed maximum standards i n  the 
lighting o f  commercial build ings . In general , the more ambitious and innova tive 
a policy , the more impor tant it is to do research on the policy as implemented . 
In par ticular , any policy that depends on changes in the behavior of large 
numbers of people or organizational units should be moni tored to ascertain the 
extent to which the policy is implemented in practice . 

FIELD EXPERIMENTATION 

Non-experimental s tudies , such as those described above , usually involve 
the assessment of policies already in place or about to be implemented . There 
is also an impor tant role for evaluation research that is future oriented , 
looking to the problem of choosing among policies that may be adop ted . 

No matter how wel l  designed a prospective policy may seem or how s trong 
the reasons marshalled to argue for its  necessity ,  it  is quite poss ible that 
the policy , when implemented , will have results that differ from expectations . 
Indeed , it  seems likely that most  polic ies aimed at changing human behavior in 
significant ways will not meet their obj ectives in some maj or degree . Such 
uncer tainty of success sugges ts two important reasons for conducting f ield 
experiments : allowing failure on a scale that can be tolerated and demonstrating 
principles of change that can be applied in other si tuations . 

Another reason for experimentation is that many policies are diff icult to 
implement in the manner thought appropriate by decis ion makers . Further , policy 
interventions , even if imp lemented as designed , may be too weak to overcome the 
countervailing ef fects of other events in the environments o f  ind ividuals . 
Final ly , there are the obvious defects in existing theories of human behavior , 
which provide only a modest basis f or predict ing the outcomes of intervention ;  
many ef f orts t o  create change generate increased res istance . Whatever the 
reasons in a particular case , the outcome of a proposed policy is usually 
unclear . 

The risks involved in adop ting policies whose outcomes are unclear are the 
s trongest arguments for a program of scientifically designed f ield experimen
tation . Such experiments provide better est imates of  the associated costs and 
benefits--of the actual  outcome--of a proposed policy . Such a program can also 
provide policy makers wi th assessments of  the relative effectiveness of  alter
native proposals . 

Field experiments , even when successful , are not definitive predictors of 
the effects of full-scale programs . The extrapolation from samples to total 
populations always involves errors . But field experiments can reduce ar eas of 
ignorance and rep lace guesses wi th es timates of probable e ffects , wanted and 
unwanted , of a proposed policy . 
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The Essential Features of  Field Experiments 

A field experiment should enable one to determine whether change of  the 
int ended kind has occurred in the experimental populat ion and whether related 
unintended changes have occurred . (For detailed discussions of field experi
ments , see Campbell and Stanley 1966 and Cook and Campbell 197 5 . )  This is 
needed to permit a reasonable inference about the cause o f  the changes . One 
should also be ab le to make inferences about how larger populations would react 
if the experimental treatment were to become policy . 

I t  is , of course , much easier to stipulate the desirability o f  such proper
ties than to design them into a field exper iment ( see , for example , General 
Accounting Office 197 5 ) . To calculate the confidence int ervals for the param
eters of the larger population at real interest , for example , requires that the 
experimental participants be selected wi th known probability , without bias , and 
in sufficient numbers from the larger population . The ext rapolat ion f rom 
experimental groups to larger populations rests on replication , intuit ion , and 
judgment as well as on inferences of  statistical probability . The success o f  
such extrapolation is determined b y  the external validity of  an exp eriment . 

Criteria of internal validity also need to be established to ensure that 
an observed change in the experimental populat ion really was caused by the 
experimental treatment rather than by some other fac tor . Studies wi thout control 
groups ,  wi thout measures made prior to experimental treatment , or  without 
adequate follow-up are often described as experiments . Indeed , there is at 
least colloquial sanct ion for using the word " experiment" to des cribe any inno
vation , any trial . 

We wish to reserve the word " experiment" to  designate only a very specific 
type of endeavor :  the administration o f  a treatment t o  a group o f  persons , 
households , firms , or o ther units , for a specif ied period of  time , with the 
treatment being withheld f rom a stat istically comparable group , the control 
group . Both the treatment group and the control group are observed dur ing the 
experiment ,  and the di fferences between the two groups at the end of the trial 
period indicate the ef fects of the policy . 

A cri tical feature of f ield experiments is the way in which the treatment 
(experimental) group and the control group are divided . Although there are 
several ways to make the division , the essent ial procedure is randomizat ion : 
whether participants in the experiment are in the treatment group or the 
control group is decided by an appropriate randomizing device . Randomization 
ensures that the treatment group and the control group are s tatistically 
comparab le before the experiment (within the range of  differences generated by 
random error) . It also ensures that the pos t-experiment differences between 
the treatment and control groups are not the result of ini tial diff erences be
tween the two group s .  

Experiments have long been carried out in laboratories , where the condit ions 
for randomization ,  isolation of treatment and control groups from each other , and 
careful measurement of possible ef fects are relatively easy to maintain . Experi
ments  carried out wi th persons and social groups in their usua l environments 
involve special problems--prob lems of cost , problems of scale , and problems of 
meeting the criteria of  experiment al design wi thin the limits set by the principle 
of informed consent by participants . In spite of  these problems , f ield experi
ment s  have become s tandard procedure in the deve lopment o f  med ical products and 
they are becoming more commonp lace in other f ields of research . 
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Within the past decade , field exper iments have been used for assessing 
prospective social policies , an ex tens ion of experimental technique made pos s ib l e  
b y  the development o f  samp le survey procedures .  Field exper iments have been 
conducted (or are currently under way) to test the effects of negative income tax 
policies , the effec ts of federally sponsored health insurance on the demand for 
med ical care , and the use of rent vouchers to improve the quality of hous ing 
occupied by the poor . (For detailed descrip tions , analyses ,  and critiques of  
the negative income tax experiment , see  Kershaw 197 2 , Kershaw and Fair 19 76 , 
Pechman and Timpane 19 75 , and Rossi and Lyall 197 6 . ) 

Our main interes t is in the application of these methods of data collection 
and analys is to energy policies . Randomized experiments are now under way to 
tes t the effectiveness of alternative pricing policies for electricity . One o f  
the bet ter des igned o f  these experiments i s  being conducted b y  the Depar tment o f  
Water and Power (DWP ) o f  the City o f  Los Angeles in cooperation with the RAND 
Corporation . The purpose of this experiment is to observe whether pricing 
policies that take into account time- of-day and demand different ials will affe c t  
househo ld consumption of electricity . Approxima tely 2 , 000 households were se
lected to participate in three treatment groups , each of which will experience 
a different pricing policy , along with approximately 300 control households . 
The treatment and control households will be observed over a 30-month period , 
and changes in the use of elec tricity and in the household s tocks of appliances 
will be measured during this time . At the end of the experiment , it  will  be 
possible to gauge the effects of several pricing policies on household electrical 
consump tion in Los Angeles . l2 

Some Applications of Experiments to Assessments of Energy Conservation Policies 

Proper des ign of a program of field experimenta tion on energy conservat ion 
firs t requires specification of the alternative conservation policies that are 
contemp lated for the future . I t  is no t necessary to guess which programs and 
policies will be adopted , but only those that might be seriously considered . l3 

To illus trate the poss ible applications of field experimentation to energy 
policies , this sec t ion describes a number of spec ific examples . These mus t be 

12This description is taken from the proposal submi tted to the Federal Energy 
Adminis tration (FEA) by the Los Angeles Depar tment of Water and Power and the 
RAND Corporation , "Analysis of the Desirability and Effects of Al ternative Elec
tric Rate S tructures , "  dated March 19 75 . It is quite likely that the specif ic 
features of the experiment descr ibed in the proposal wi ll have been modif ied 
somewhat to take into account actual f ie ld experiences in implement ing the pro
posed experimental plan . There are many o ther "experiments•'  funded by FEA that 
are designed to test pricing policy variations in other ut ility sys tems . The 
RAND-Los Angeles DWP experiment is used as an illustration here because it is 
the mos t extensive and apparently bes t designed of the experiments that  were 
funded by FEA . 

1 3see . for example . "Energy Conservation S trategies , "  a 197 3 s tudy done by 
Marquis Se idel , Steven Plotkin , and Robert Reck in the Of fice of Research and 
Moni tor ing ,  U . S .  Environmental Pro tection Agency . 
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taken as illustrations of process and design , rather than as informed guesses 
about the future directions of energy policy . Although the examples involve 
mainly households  and individual consumers , the experimental units could also 
be f irms , governmental agencies , or o ther entities . 

Feedback Experiments 

This is a class of experiments in which the treatments cons is t of providing 
time ly information or signals to consumers on their consumption of energy .l4 The 
informat ion might be displayed in terms of price and in terms of the consuming 
appliance or source . The rationale behind such experiments is that mos t  con
sumers do not know the rates at which they are consuming energy nor how much each 
appliance uses . Such experiments hypothes ize that with such knowledge , consumers 
would alter their behavior to reduce energy expenditures (or , possibly to re
allocate energy use to conform more closely to their subj ective priori ties ) . 

Treatments would cons is t of ins talling meter ing devices that would provide 
the appropriate informa tion for each maj or app liance to a set of experimental 
groups ; control groups would have only their total energy consump t ion measured 
in accordance wi th usual pract ice . Comparisons between experimental and control 
groups over a period of time would provide estimates of  the savings that could 
be effected by the ins tallation of such feedback devices . Appliances and other 
energy-consuming equipment to which such metering devices might be applied are : 
furnaces and space heaters , s toves , washing machines , and dryers . For automo
biles , meters ind icating miles per gallon or vacuum gauges ind icat ing relat ive 
efficiency could provide similar information . l5 The critical question is whe ther 
the energy savings resulting from the use of such devices would offset the energy 
embod ied in meter ing devices and expended in the ir ins tallat ion , so that there 
would be a net savings of energy us ed . 

Various elaborations of this design are possible . By modif ication of 
util i ty bills , consumers might be g iven data to indicate trends in the ir energy 
use ,  comparisons with a previous month or year , or compar isons with community 
or neighborhood norms . The f eedback principle might also be extended from 
households to bus iness f irms , of f ice buildings , or government agencies . Experi
ence wi th feedback exper iment s  related to o ther public policies sugges ts that 
feedback is more effective when it  is comb ined with other efforts , such as public 
communication , education , and group decision making . For purposes of example , 
however , such progr ams are described here as separate kinds of experiments . 

Educational Campaigns 

An educational campaign can be defined as an attemp t to change people ' s  
beliefs , attitudes , values , or behavior by provid ing generalized informat ion , 
ins truction , or exhortation . Such campaigns can be conducted through televis ion 

l4"Giving Households Feedback on Energy Consumpt ion , "  by Fred D .  Baldwin , 
a paper prepared for the Commi t tee , d iscusses such experiments . 

15 tn a recent experiment , one type of relatively expensive ( $ 130) device 
was tested ;  see Transpor tation 197 6 .  
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or rad io , through newspapers or other printed mater ial , by mail , or through 
meetings or other forms of d irect con tac t . 

Educat ional campaigns are at tractive devices for effecting changes in 
behavior . A wel l-mounted educat ional campaign can have wide and economical 
coverage of a targe t populat ion : a spot commercial on prime- time TV ,  for examp le , 
may reach tens of millions of families ; a direct  mailing of a pamphlet can reach 
almost all households in the United S tates . Measured in terms of the cos t s  of 
deliver ing the treatment ,  such educational campaigns usually have very low per 
capita cos t s ,  and their effectiveness is too of ten measured in these terms alone . 
In terms of behavioral changes per exposure , however , the effect iveness of such 
campaigns is usually very slight . An educat ional campaign on energy conservation 
would be truly effective only to the extent that it induced changes in behavior 
sufficient to offset the energy expended in its conduct and thus yielded a net 
savings in energy : if  only one person in f ifty showed a behavioral change in 
response to the campaign , that person would have to change enough to cover the 
energy cos ts of reaching the 49 people who did no t change .  

A var ie ty of field experiments can be designed t o  measure the effectivenes s  
o f  educational campaigns . Med ia campaigns are perhaps bes t tes ted by random
izing treatment sources : a campaign of TV spo t announcement s  on energy conser
vation could be tes ted by showing the set of announcements on a randomly selec ted 
sample of televis ion s tations and not showing them on a comparably selected 
set of control s tat ions . The effectiveness of such a campaign could then be 
determined by measuring changes in househo ld energy consumption in areas covered 
by the televis ion s tations that showed the announcements and comparing them to 
the changes (if any) in the areas where the announcements were not shown . 

Ano ther type of f ield exper iment might involve selecting households in a 
specif ied community for direc t mail campaigns . In such a f ield experiment ,  it  
would be neces sary to ge t records of  energy consump t ion for bo th the exper i
mental and control households .  The Federal Energy Adminis tration ' s  Proj ect 
Conserve , for example , so lic ited informat ion about s torm windows and insulat ion 
by a mai ling to all househo lds in a given area and re turned computer-processed 
data about the costs  and benefits of their home heat ing practices to those who 
responded . Follow-up was carried out on non-respondents , who provided the 
control group . l6 

Within any of these designs , a number of experimental groups can be used 
simultaneous ly , each tes t ing a different appeal , thereby increas ing the amount 
of knowledge gained about a variety of educational approaches . For example , 
some campaigns might appeal to self-interes t ,  s tressing the financial savings 
that  would result from more careful habits of energy consumption ; o thers might 
rely on appeal s s tressing the benefits to Amer ican society . Some might feature 
messages from prest igious people , while o ther campaigns might feature persons 
whom the general public would see as more like themselves . 

16
see the Description of Maj or Programs of the Of fice of Energy Conservat ion 

and Environment ,  dated November 19 7 5 , and the Proj ect Conserve Final Repor t ,  
Conservat ion Paper No . 5 ,  dated October 19 7 5 , of the Federal Energy Adminis
tration . 
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Pricing Experiments 

Perhaps the mos t frequently discussed energy conservation policies involve 
pricing s trategies : in particular , differential pricing for peak demand 
periods in order to shift excess loads to off-peak periods , pr ic ing that would 
be weighted invers ely to demand , and price discounts for energy-eff icient equip
ment . A number of proj ects have been designed to test incent ives , and some of 
them have been presented as experiments . With few excep tions (for example , the 
RAND-Los Angeles DWP ) , descriptions of the " exper iments" indicate that they tend 
not to be experiments in the sense used in this chapter , but are rather more in 
the way of demons trations , using volunteer subj ec ts and lacking adequa te controls .  
I t  is diff icult to interpret the results of such demons trat ions , since almost  
any f ind ing may be the resul t of the self-selection of  volunteers rather than 
of the pricing policies being tes ted . 

Pricing policy experiments can involve some e thical d ilemmas . (For a 
useful d is cussion of this issue , see Rivlin 19 7 1 . )  For example , a policy that 
would involve the possibility of higher energy cos ts for the experimental group , 
without the possibility of  lower costs , might be regarded as expos ing experi
mental groups to harm or at leas t to disadvantage . Such action might be 
j ustif ied only if the social need were overwhelming and no o ther mode of policy 
assessment would suff ice . Perhaps a way out of the e thical dilemma would be to 
promise the experimental group reimbursement for excess ive cos ts at the comple
tion of the experiment ,  although the promise inevitably becomes part of the 
treatment . 

Field Tes ting of Ma terials and Technical Devices 

Field experimentation need not be res tricted to attempts to change human 
behavior . New energy-conserving materials , technical procedures designed to 
reduce energy consump tion , and other devices may also be tes ted in f ield 
experiments to assess their energy-conserving capacities in actual use . Materials 
or procedures that work we ll under laboratory cond itions when ins talled and 
operated by trained persons may work cons iderably less well under actual f ie ld 
conditions . For example , a new insultaing material may work very efficiently 
under laboratory conditions , but , when ins talled by ordinary ins taller s  or used 
under ordinary cond itions , may work much less ef f iciently and fail to provide  
the expected improvements . 

Field tes ting should be des igned and carried out as experiments rather than 
as demonstrations with volunteer households or f irms . Volunteers may be so 
committed to conservation that it becomes diff icult to separate out the effects 
of the newly ins tal led device or mater ials from the effects of other conservation 
efforts they are making outs ide the ex�eriment . Even among non-volunteers , 
however , Hawthorne effects may exist . r7 

1 7The Hawthorne effect refers  to the fact that people who are included in an 
experiment (whether in a treatment or control group ) may alter their behavior 
solely as a consequence o f  being s tudied , so that it  may be impossible to sepa
rate the effects of this general reaction from the reactions , if any , to the 
specific experiment .  
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Legal and Adminis trative Interventions 

Proposed changes in laws and adminis trative rulings may also be tested 
through f ield experimentation . For example , recent federal legislation encour
ages s ta tes to permit right-hand turns on red lights , to conserve the gasoline 
used by automobiles and trucks waiting to make right-hand turns . Some s tates 
(e . g . , California) have permi tted such turns for some time , but it is not pos s ible 
to  estimate clearly the energy-saving effects of the new legislat ion from an 
analysis of gasoline consumption in such states . Field experimentation in 
communities and s tates that do not presently have such laws but are like ly to 
enac t them could provide an appropriate tes t of the energy-saving effects of  
such legislat ion , as  well as  associated effects  on traf f ic safety and congestion . 

The ef fec t  of proposed legislation or administrative rulings pertaining to 
speed limits and their enfor cement or to gasoline sales might also be tested 
through field experimentation . 

Summary 

Sys tematic and repeated as sessment of exis t ing energy polic ies is impor t an t , 
and provis ion for such assessment of ten can be bui lt into data-collect ion activi
ties under taken for other purposes . Data collected to monitor levels and patterns 
of energy consump t ion , for example , can also gauge the effectiveness of pub lic 
policies aimed at changing those levels or patterns . Such resear ch is valuab le , 
but i t  is essentially re trospec tive : it  provides inf ormat ion about policies 
already enacted . 

For the assessment of prospec t ive policies , f ield experiments have unique 
advantages , since they can provide advance es t imates of the relative effective
ness of alternative energy polic ies that might be cons idered in the future . The 
results of such exper iments should be cont inuously availab le to decis ion makers 
as proposed energy policies and competing energy need s come before them for 
ac tion . 

FINDINGS AND RECOMMENDATIONS : ASSESSMENT OF PUBLIC POLICIES 

Find ing . Many public policies that could have a s ignificant effect  on U . S .  
energy consumption canno t now be properly assessed because there are no observa
tions on the behavioral response of the public . Because of this , the Commi ttee 
f inds that more extens ive use of f ield experimentation would be useful to  s tudy 
the effects of policies des igned to influence energy consump tion . Some of these 
policies should be des igned to provide wider d ifferential incent ives to consumers 
than those that exis t in present pr icing s truc tures ; others should provide feed
back informat ion to consumers about the re levant cos ts  of energy consump tion ; 
and still  o thers should be designed to tes t persuasion and exhor tation as means 
of inf luencing energy consumption . 

The po tential of these types of policies is as ye t unknown . It  is  impor tant 
that policy makers be able to assess which types of conservat ion policies are 
likely to be mos t  cost-effec t ive and which ones leas t .  Energy conservat ion 
s trategies , as well as supply development s trategies , shou ld be subj ect to  care
ful evaluat ion before they are widely implemented , and in many cases the only 
feas ible method of  assessing impac t is by f ield experimentation . 
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S cientif ically des igned field exper iments permit policies to b e  tes ted on 
a s cale that is suf fic iently large that reliab le results can be obtained and that 
is suf fic iently sma ll that failures can be tolerated . The proper design , imple
mentat ion , and analys is of f ie ld experiments require cont inuity and s tab ility in 
sponsoring agencies . 

Field Exper imentation 

Recommendat ion . The Commi t tee recommends more extensi ve use of con trol l ed 

and randomi zed fi eld experimen ta t i on to assess the i mpa ct of a l t erna ti ve energy

conserva ti on strategi es in the househol d ,  i ndustrial , and commerci al /servi ce 

sectors of the economy . A bri ef l i sting of possi bl e  pol i ci es tha t mi ght be 

(or a re bei ng) assessed i n  thi s manner i s  provi ded below. These pol i ci es are 

i l l ustra t i ve ,  being nei ther comprehensi ve nor even necessari l y  the ones tha t 
warrant highes t pri ori ty : 

• Experiments to determine the effects of time-of-day pr� c� ng 

for el ectri ci t y  (thi s  kind of experimen t is now being 

undertaken ) ; 

• Experimen ts to determine the i mpact of i ns trumen t feedback 

systems , incl uding appl i ance l abel i ng and metering devi ces 
tha t provi de real - ti me informa t i on on energy consumed i n  

the home o r  o n  mi l es -per-gal l on for a u tomobi l es ;  

• Experi ments t o  determine the effecti veness o f  informa ti onal 

campai gns to encoura ge modi fi ca t i ons of bui l di ngs based on 

ana l ysi s of the financi a l  returns to such i n vestments ; 

• Experiments to de termine the effecti veness of vari ous 

regula tory s tra tegi es in a reas where federal or other 

governmen tal a genci es have regul a tory a u thori t y . 
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APPENDIX 

STATE NEEDS FOR DATA ON ENERGY CONSUMPTION 

Lynda T .  Carlson 

INTRODUCTION 

The American energy crisis of 197 3-1974  found most states without an ex
�sting mechanism to cope with the problems or to coordinate their activities 
w�th those of the federal government . Individual states followed many dif fer
ent administrative avenues in attempting to solve the problems : some states 
set up temporary agencies ; others assigned allocation functions to state public 
ut ility commissions ; and a few established permanent state energy offices . 
�re recently , federal legislation has encouraged the establishment of perma
nent state energy offices to coordinate activities with the federal government 
and to implement s tate programs of energy conservation . These offices need 
data on energy consumption to determine where within the state energy consump
t ion is greatest and shortages most intense and where there is greatest poten
t ial for energy conservation . These data are also useful to states and the 
federal government as a mechanism for monitoring trends in energy consumption . 

The manner in which each state established an energy office reflects its 
political structure and philosophy of  involvement in public problems as well as 
the effects of energy on the state ' s  economy . Every state has individual 
energy needs and needs for specific sets of data on energy consumption , some 
of which are addressed by ongoing data collection programs at either the state 
or federal level . 

This paper attempts to describe some of the specific data needs of s tates , 
how these needs are being met , and the data gaps facing many states . It out
lines patterns in data needs and programs of the 50 states and describes the 
specific characteristics of a number of them. The experiences of the state 
energy offices of New Jersey , Washington , California , Montana , Texas , Minnesota , 
Oregon , Georgia , and o f  the New England states provide illustrations of the 
different kinds of problems encountered by states and the variations in needs 
and solutions . Problems with existing data on energy consumption at the state 
level are described , and improvements for the future are indicated . 

States ' energy data needs and programs are in a state of tremendous flux . 
Programs are now being developed that will change both the needs of  states for 
data and their own energy consumption data programs . This paper attempts to 
spell out the minimum data needs that most states share . 
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STATE ENERGY OFFICES 

In the past several years , the function of state energy offices has been 
mainly to deal with short-term emergencies : the disruption of energy suppl ies , 
changes in energy prices , the allocation of scarce fuel , and the varying needs 
of energy consumers . Because individual states have different fuel consump
tion need s , the roles of their energy offices have varied with the energy needs 
of the state . Perhaps most important in determining the role of an energy 
office , however ,  is the political infrastructure of the state . Energy policies 
have had to  operate within existing state ins titutions such as tax codes , land 
use pol icies , auto licensing s tandards , and building codes . The short-term 
policies of  these of fices have often not been integrated with other policies , 
either long or short term , of the state . 

The requirements of the Energy Policy and Conservation Act of  19 751 and 
the Energy Conservation and Production Act of 1976 will significantly change 
the functions and data needs of state energy offices (DeForest 1975) . S tates 
that participate in the voluntary program are required to enact energy con
servat ion programs , submit feasib ility and action plans , and carry out conser
vation plans . The state energy conservation programs will not be large plan
ning pro grams , but rather action programs that were to be in place by November 
197 6 . Although states will design them , implementation of the programs will 
be at the local level . The requirements of the Energy Policy and Conservation 
Act provide for interaction among different levels of government within a 
state on energy conservation measures . Local-level programs will require both 
small-area data on energy consumption to evaluate the effec ts of conservation 
programs and state-level data for comparison and planning . 

In the winter of 197 3-1974 , individual states created either emergency 
(New Jersey and Washington , for example) or permanent (California , for example) 
state energy offices . By Oc tober 197 5 , the Federal Energy Administration had 
identified 44 states with state energy offices or s tate energy representatives 
(Federal Energy Administration 1975) . These offices were generally responsible 
for distributing the fuel oil and gasoline allocations that had been made by 
the Federal Energy Office during the oil embargo of 197 3-197 4 .  They have con
t ingency and emergency powers for allocating fuels during periods of shortages , 
designing short-term conservation programs , and occasionally developing conser
vation policies and programs , although in some states , several of the programs 
have expired and have not been renewed . Under the Energy Policy and Conserva
tion Act , the functions of the energy offices have expanded for those states 
that have voluntarily chosen to participate in the program. 

lsee U . S .  Congress , Senate 197 5 . The Act calls for the reduction of pro
j ected s tate energy consumption of 5 percent by 1980 . The program is voluntary : 
s tates are not penalized if they do not participate , but they receive federal 
conservation funds only if they commit themselves to the obj ectives of  the 
program . In addition , s tates that choose to participate are required to make 
a minimum of five specific conservation actions . 
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Responding to Crises 

In the winter of 197 3-1974 , each state energy office was responsible for 
allocating fuel oil and gasoline within the state , attempting to ameliorate 
shortages in specific areas , and creating emergency planning and allocation 
mechanisms for a continued overall shortage . The state energy offices communi
cated almost daily with the Federal Energy Office to try to increase their 
state ' s  allotment of specific fuels and to alter components of the federal 
allocation system.  Many larger cities and counties (Los Angeles , for example) 
established similar energy offices , which coordinated the fuel allocations with
in their j urisdictions , attempted to develop emergency fuel oil conservation 
programs , and implemented state and local regulations for alternate-day gaso
line sales and priority sales of home heating fuels . 

Structural Organization 

The structure and function of the individual energy o ffices reflect the 
different interests and needs of the separate states as well as regional 
variations . The responsibilities of  each office are for the most part a 
consequence of the legal and political character o f  the state . Several ex
amples illustrate the range o f  differences . 

The New Jersey constitution allows for the creation of only a limited 
number of state agencies ; the governor and state legislature are prohibited by 
law from creating new ones . This prohibition is to prevent the creation of 
overlapping agencies performing similar functions . For this reason , New 
Jersey ' s  energy office is officially situated within the �tate Public Utility 
Commission , but functions as an adj unct to the governor ' s  office and is en
titled the Energy Cabinet Commission . The Commission has no permanent staff , 
budget , or permanent mandate . 

In California , the state Energy Administration has an official mandate 
from the state legislature and governor . The Energy Administration is struc
tured on the administrative lines of  the Federal Energy Adminis tration , with 
regulatory , conservation , analysis , and data s taff performing energy planning , 
information , and policy functions . The Administration can also initiate pri
mary data collection proj ects . 

The Montana Energy Advisory Council is chaired by the lieutenant governor 
who oversees its work ; the Council develops energy policies for the state . 

In Washington , after several years of  debate , a state energy office has 
been established within the governor ' s  office . The office is responsible for 
creating alternative energy forecasts , dealing with specific energy problems , 
and coordinating activities wi th other energy-related agencies in the Northwest . 

Texas has established the Governor ' s  Energy Advisory Council , which in
cludes representat ives of the governor and the state egislature as well as 
many independent agencies in Texas . The Council has a rather large staff and 
a legislative mandate to coordinate and plan statewide energy policy . 

The Minnesota Energy Office was established by the state legislature in 
1974 to develop energy conservation policies for the state and to provide fore
casts of future Minnesota fuel requirements . The Energy Office also reviews 
rate structures of utilities operating within the state (Minnesota Energy 
Agency 197 5 ) . 
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Functions of the Offices 

One of the first functions of a state energy office is to determine what 
energy problems the state has . Generally , the office will survey the exist ing 
fuel supplies , consumption levels , and fuel-use mix within the state to deter
mine what steps should be taken to maintain the existing supply and reduce 
consumption . Such energy planning and analysis by states was sporadic prior 
to 197 3 . Since then , most states have developed an approximation of  the energy 
flows within their s tates . This information is of little value , however , with
out corresponding information on future energy prices and the types of future 
supply situations states can expect to encounter . 

The problems faced by state energy of fices are exemplified by those of 
several states . In Montana , the maj or question is how that state will respond 
to demands for development of its coal supply--one of the largest strippable 
supplies of coal in the nation . In New Jersey , the problem is to maintain the 
supply of petroleum needed for the state ' s  residential sector and the petro
chemical industry , one of the state ' s  largest industries ; 68 percent of the fuel 
consumed in the s tate is petroleum. 

In Texas , perhaps the most important energy issue is consumption of the 
state ' s  natural gas supply . Planners and policy makers in the governor ' s  
office and the Governor ' s  Energy Advisory Council are concerned about the state ' s  
role as a maj or exporter o f  natural gas t o  the rest o f  the nation . In 1974 , 
Texas exported approximately 3 , 766 trillion cubic feet of natural gas , much of 
it supplied on non-interruptible contracts to industries or commercial estab lish
ments that hypothetically could consume other fuels . The Governor ' s  Energy 
Advisory Council is particularly concerned with the use of natural gas to 
generate electricity that could be generated by coal . Of particular interest 
to the governor and state legislature are es timates , made by the Advisory 
Council , of  how variations in the price of  individual fuels will affect the 
economy of Texas . In 1975 , tax receipts on the production of oil and natural 
gas were 19 . 7  percent of Texas ' s  to tal tax revenues (Grubb and Holloway 1974 ) .  

Planning for the Future 

Both the legal authority exercised by s tate energy offices and their 
energy planning , forecasting , and program development are functions of the 
ways in which the various stat es experienced the energy crisis of 197 3-1974 . 
The amount of  effort and money a state spends on energy planning and policy 
development is partly determined by how state policy makers perceive the ef fect 
of energy supply and consumption issues on the economy of the state and the 
economic well-being of its residents . The Energy Policy and Conservation Act 
provides funds as an incentive for states to set up workable programs in energy 
conservation . 

In Oregon , environmental concerns for the maintenance of the state ' s  
natural resources and the quality o f  life now enj oyed in the s tate are impor
tant to the s tate legislature and the governor . Energy conservat ion policies 
developed by the Oregon Department of Energy are linked closely to maintaining 
the state ' s  environment and natural resources . A report of the Oregon Depart
ment of Energy ( 1975)  notes that it has very broad authority to obtain "infor
mation to be furnished annually to the Department of Energy by utilities , 
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petroleum suppliers and coal suppliers regarding future energy demand , supply 
and other information" .  Oregon is attempting to play an active role in regulat
ing the consump tion of energy within the state . 

In Montana , energy consumption data is needed by the Montana Energy 
Advisory Council because natural gas prices in that s tate are increasing 
rapidly and curtailments of supply from Canada in the next few years have be
come a possibility . In addition , the state ' s  large supply of coal and the 
national demand for it are affecting Montana ' s  economy , ecology , and consumption 
patterns . The demand for coal may lead to the growth of towns and greater 
demand for governmental services . For these reasons the s tate ' s  energy policy 
makers are very interes ted in energy consumption pat terns , in both Montana and 
the nation (Christiansen and Clack 19 76) . 

Planning for Specific Fuel Shortages 

Because of their differing employment , economic , and population bases , 
states are dif ferentially affected by fuel shortages . For instance , the 
potential cutback of Canadian natural gas strongly influences Montana ' s  plans 
for alternat ive fuel sources as well as its concern for the fuel conversion 
needs of industrial plants and residential users . Montana is also concerned 
about the dislocation of workers in establishments supplied by natural gas and 
the effect of rising fuel prices on the state ' s  economy . Oregon , Washington , 
and other states in the Northwest are similarly concerned ; they all need data 
on fuel consumption related to the natural gas shortages that would result 
from the curtailment of Canadian supplies . The North Central s tates and Texas 
may also be affected by the cutback ; there may be employment impacts since 
other natural gas-producing states may be called upon to supply consumers in 
the Northwest on a short-term basis . Texas and the North Central states will 
also need data on the consumption o f  natural gas in their own and other states-
but not necessarily the same data needed by s tates in the Northwest . 

Many states need information on coal prices and the effect of  coal strikes 
or environmental legislation on the price of coal . In states in which coal is 
the main fuel used to generate electrici ty , a coal strike could have a greater 
effect than an oil embargo . In Montana , Wyoming , Utah , Kentucky , Tennessee , 
West  Virginia , North Dakota , Indiana , and Ohio , over 90 percent of the fuel 
used for generating electricity is coa1 . 2 

The New England states and New Jersey are more concerned with information 
on petroleum consumption than are mos t other states . Because petroleum consti
tutes 68 percent of the fuels consumed in the state , New Jersey is concerned 
with data on its current and future consumption . In comparison with New Jersey , 
petroleum constitutes 46 percent of the nation ' s  energy needs . Furthermore , 
most of the petroleum refined and consumed in New Jersey is imported from 
foreign sources (Governor ' s  Task Force on Energy 1974) . Information on the 
foreign and domestic mix of s tate petroleum consumption is needed by coastal 
states , especially those that have large refining or petrochemical industries . 
The inland states are not as concerned with the mix of foreign and domestic 
petroleum they consume , because it  is difficult to trace this breakdown and 

2see Edison Electric Institute 19 75 ;  data derived from Table 14 . 
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involvement in the petroleum industry is minimal . Washington is interested in 
proj ections of refiner and user demand for crude oil during the next ten years 
to determine s ites for marine transportation and to develop rules for trans
porting and unloading crude oil . 

Political and Policy Functions 

State energy offices fill polit ical needs of both governors and s tate 
legislatures by creating the image that the state is doing something about 
fuel shortages and , at the same time , providing a ready scapegoat for state 
energy problems . 

Policy makers need data on the possible effects of proposed changes in 
policy . To evaluate such a change or even to participate in the federal energy 
conservation program ,  policy makers need information on which segments of the 
population will be affected by the proposed changes . Perhaps the most impor
tant information needed is on the cos ts and potential savings of  alternative 
conservation measures . For instance , policy makers want to know the actual and 
potent ial costs and benefits of implementing proposed changes in building 
standards . Policy makers need information to compare the long- term-costs and 
benefits of various energy conservation proposals , such as solar development . 
They must also consider the financial and political cos ts of specific propos als 
in light of other programs that are compet ing for the s tate ' s  resources . The 
potential programs available to policy makers include those to change building 
s tandards for new buildings , develop programs to retrofit residences with in
sulation , create new s tandards for appliances sold within the state , change 
energy utility excise taxes , and provide tax incentives for the installation 
of solar devices . 

Individual states may plan for potential shortages and take steps to mini
mize predicted shortages , like a Canadian natural gas curtailment . If such 
emergencies do not occur , s tate energy planners may have a problem : the 
credib ility of their planning processes and the predictability of their data . 
A good example of  this kind of  situation is the natural gas shortage that was 
predicted for the winter of 1975-1976 but never occurred . 

S tate energy offices appear to serve a function for the governor analagous 
to that of federal energy agencies for the Pres ident . Like any government 
office , they provide quick data points or react ions to legislative initiatives . 
Lack of valid or detailed energy consumption data impedes the ability of state 
energy offices to perform this function . 

CONSUMPTION DATA NEEDED BY STATES 

Baseline Data 

In order to respond to current crises , develop ways to respond to future 
crises , and create policy initiatives , perhaps the consumption data mos t  
crucially needed b y  states i s  a baseline of their historical and current 
consumpt ion patterns for each fuel type in each consuming sector . At present , 
when available his torically , these data are either highly aggregated or non
existent , particularly in the commercial sector . For planning purposes , state-
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level data are often too highly aggregated for planning for the needs of  diverse 
areas within a state--counties or cities , for example . In addition to baseline 
data on energy consumption , states need baseline descriptions of the character
istics of that consumption : what type of houses make up the housing stock and 
the characteristics of these dwellings--i . e . , insulation , storm windows , and 
type of fuel consumed . Information is also needed on many other items besides 
homes , for ins tance the characteris tics of the stock of automobiles and the use 
and disposal of wastes . 

Comparative Data 

States need data to determine their consumption patterns relative to both 
the nation as a whole and the surrounding states in their geographic region . 
The New England states are interested in obtaining consumption data that pro
vide petroleum use by sectors for many purposes , specifically to determine 
the competitive advantage of industries in a state to similar ones in other 
states (particularly states the industries might be considering for relocation) 
and the nation as a whole . 

Of maj or interest to states that suffered severe shortages during the 
197 3-1974 crisis is obtaining current data on fuel consumption and related 
factors o f  change , such as population , the number and composition of automobiles 
owned , and the composition of the housing stock . S tates vary widely in the 
kinds of these data collected and the analysis of them. S tate energy offices 
need valid data for their own states and others so that each of fice has a stan
dard base of data on which to estimate future fuel allocation requirements . 

At present , data sets collected by various states are not always compara
ble . The Federal Energy Administration (1975 )  has noted these problems in 
comparing state data on gasoline consumption : "The Federal Highway Administra
tion collects  its data from state data on taxed gallons , exemptions , and re
funds . In some states refund claims are clearly excessive for gasoline used 
for nonhighway purposes . Some figures have necessarily been estimated by FHA . 
This is particularly true for th e nonhighway use of gasoline . "  The definitions 
used in data collection by different sources can also differ . 

There are also likely to be differences in the time period in which indi
vidual states collect energy data . Such noncomparability of data creates 
difficulties in reconciling allocations from the federal government and setting 
regional energy policies . In the Pacific Northwest ,  the governors of Oregon , 
Washington , and Idaho are interested in determining coordinated energy needs 
for the region so they can interact in the planned siting of  electric generating 
facilities . Energy consumption data that are comparable for these regions 
would facilitate the planning of the coordinated energy policies . 

Determining Policy Priorities 

Energy consumption data are needed by various states to determine what 
energy questions should concern them and which fuels are most important . For 
inst ance , consumption and supply data on Georgia ' s  energy needs permitted 
state energy planners to determine that the state ' s  use of  natural gas was not 
a critical issue . However ,  Georgia planners did need data on energy consumption 
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for specific agricultural crops in the state . This information enabled them 
to forecast state energy needs for petroleum and natural-gas-based fertilizers . 

State Economic Planning 

State energy planners also interact with other kinds of planners to eval
uate the effect of energy policies and future energy prices on such things as 
employment , economic development , and land development . New Jersey has con
sidered the implications of changing natural gas rate structures on an emer
gency basis for the glass industry . The state ' s  energy planners must evaluate 
the policy in the context of both state economic policies designed to supply 
natural gas to all users and state economic development policies designed to 
maintain industries in southern New Jersey . If the New Jersey Energy Office 
recommends that the Public Utility Commission lower gas rates for the glass 
industry , the state would implicitly be subsidizing an industry that may 
currently be noncompetitive with those in other states ; New Jersey energy 
planners would then be temporarily ensuring j obs in southern New Jersey . If 
this happens , a precedent will have been established for the state to inter
vene with specific energy policies to protect employment opportunities in 
individual industries . Lower gas rates have not yet been requested for the 
glass industry , because the state economic planners are evaluating the total 
effect on the state of such an intervention policy . Energy data are , there
fore , a necessary component of the total economic and demographic data set 
that states may need to design policies in an era when energy fuel shortages 
are important . 

Evaluation of Federal Policies 

Energy consumption data are needed to evaluate the effect of many federal 
policies on states . For instance , the federal regulation requiring a speed 
limit of 55 miles per hour on highways might be evaluated within each state 
according to the type of trips taken , the types and condition of roads , and 
the forms of commerce and industry that are predominant . It is possible that 
the regulation might be dys functional in states in which households are highly 
dispersed , roads are comparably empty , and farmers , ranchers , and families 
have to travel great dis tances rout inely . If states knew the actual savings 
in gasoline resulting from the lower speed limit and whether an increase in the 
rate would affect gasoline consumption , then state officials might develop a 
case for changing the state data used by the federal government in establish
ing national speed limits . Similarly , mortgage regulations and standards set 
by the Federal Housing Administration and building standards proposed by the 
National Bureau of Standards and the Department of Housing and Urban Develop
ment are being examined by states to determine their potent ial effect on long
term consumption levels of various fuels . For short-term consumption levels , 
states are examining the usefulness of  energy labeling of new appliances , in
creased energy efficiency of appliances , and electric load leveling . 
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CONSUMPTION DATA AVAILABLE TO STATES 

The energy consumption data collected by the states varies with their 
�ndividual needs , the fuel shortages experienced or anticipated , their capa
b�lities to manipulate and analyze large data bases , and the extent to which 
each state ' s  government engages in planning for its economy . To state energy 
o ffices that are interested in planning for energy shortages and forecasting 
demand , both federal data and some data related to fuels and collected within 
the state are available . Several states are developing planning programs to 
collect energy data ; others are relying on the data system created by the 
State/Federal Energy Conservation Program of the Federal Energy Administration 
f or individual states . 3 

To facilitate the development of energy data bases by the state , the 
Federal Energy Administration , upon the advice of the National Governors ' Con
ference , worked with the states to develop a series of historical statistics 
and baseline energy consumption forecasts for each state . A uniform data 
classification system was created to be used as a base for energy forecasts to 
1985 . After the Federal Energy Administration collected the forecasts and 
data , the data were sent to the states for verification and necessary correc
tion ; a data set for each state is now operational . 

National Data Sources 

The principal source for data on fuel consumption available to the states 
comes �rom the state ' s  own gasoline tax receipts . Additional data come from 
the Federal Highway Administration , the Bureau of Mines , the Federal Power 
Commission , the Bureau of the Census , the Ethyl Corporation , the Edison Elec
tric Institute , the American Petroleum Institute , the American Gas Association , 
the Army Corps of Engineers , and the National Coal Association . For the most 
part , the se sources produce data for specific fuel types consumed by a broad 
sector of the state ' s  economy . 

The data used by states from both the federal government and private 
sources create a number of problems for them ,  the primary one being the matter 
of definitions . In some instances , the reported years are fiscal years ; in 
other cases , calendar years are used , depending on bookkeeping and historical 
practices . Such differences are not problems for the individual states , but 
they do make it difficult for the federal government to use the data for 
state-by-state comparisons . The reliability of data is currently a concern 
of the Federal Energy Administration , as is illus trated by their program to 
collect petroleum data independent of those collected by the petroleum industry . 

The data provided by industry sources such as the Edison Electric Institute , 
the American Gas Association , the American Coal Association , the American 
Petroleum Institute , and the American Trucking Institute are collected on a 
voluntary basis from their members . These data relate only to energy supply 
and sales data , and the data on sales are related to depletion from primary 

3see Fels 197 6 ; this research is part of a proj ect carried out by several 
members of Princeton University ' s  Center for Environmental Studies for New 
Jersey ' s  Cabinet Energy Commission . 
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stocks , rather than actual consumption . Trade associations are interested in 
protecting market shares information about individual companies , and their 
data may be subj ected to standards of confidentiality that might not necessar
ily constrain a federal regulatory agency or the Census Bureau . In the Texas 
energy report (Grubb and Holloway 1974) , data on gasoline consumption per 
capita for the state had to be supplied by the American Petroleum Institute . 
The only complete data series on fuel reserves , consumption , and consumption 
by fuel type for oil and gas are available from the oil and gas industry trade 
associations . 

For the data supplied by the federal government ,  there are many problems . 
It is difficult to verify the data from many of the surveys and reporting 
forms . Many data , such as the price of fuel produc ts sold to specific indus
tries , are not being collected as frequently or at the level of detail that 
individual states (Oregon , Texas , and the New England states , for example) 
require . In several cases , the sector types used for these data compilations 
do not coinc ide because of discrepancies in the definitions used . In the 
Federal Power Commis sion data , electric energy use in apartment houses is in
cluded in the commerc ial sector ; in other data , it is included in the residen
tial sector . 

Most states have very few detailed data on the use of  coal by utilities 
and industrial consumers .  Lack of informat ion on coal consumption limits the 
ability of energy planners to deal with potential emergencies such as coal 
strikes and to obtain alternat ive fuel supplies . With regard to petroleum ,  
states have few end use data on petroleum either shipped into o r  refined in 
the state . The Texas analysis of the state ' s  energy consumption noted (p . 55) : 
·�ata on consumption of Texas refinery output by end user in Texas for all 
petroleum products is not available from recorded information . However , quan
titative data reported to the Bureau of Mines , u . s .  Department of Interior 
show refinery output by product type ; • • •  The existing data do not distin
guish between Texas consumption of these products and those which are exported . "  
Neither Texas nor New Jersey , with large petrochemical industries , has actual 
data on petrochemical produc tion , capacity , or feedstock requirements for 
these industries . 

States appear to need en�rgy supply and consumption data at 3-digit S IC 
levels4 and to want the information for counties or county groups within the 
state . Geographic areas such as counties differ markedly in their industrial 
base , employment mix , and economy . An aggregate figure on consumption needs 
for a specific fuel does not help state energy planners in determining which 
county has a specific fuel shortage or specific energy planning needs . 

State Data Sources 

In addition to data acquired from the federal government , the states 
collect some primary data , although rarely is the collection designed specif
ically to fit the needs of their energy planners . Collection of specific 
energy-related data is at an incipient stage in many states . Data may be 
collected within the state , but the energy planners do not necessarily know 

4see Chapter 3 of this report for an explanation of the Standard Indus
trial Classification . 
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of their existence because they may not have been documented or even entered 
into a data file by the other agency . In Texas this problem occurred with the 
state tax files . A great deal of information is collected by state revenue 
of fices , but only small segments of it are included in the state tax files . 
(The information included in the state tax data files is often designed to be 
linked to the federal/state data files so that the states can determine who 
has not filed state tax forma . )  

Most states co llect data for sales taxes , franchise taxes , severance taxes 
( that is , taxes on minerals extracted from the ground) , corporate income taxes , 
and state personal income taxes . From these data , the state can develop a 
p icture of the fuels consumed in the state . For instance , state data on taxed 
gallons of fuels can potentially provide information on nonhighway (marine , 
aviation , etc . )  and highway use of gasoline . However , the quality of this 
information varies from state to state , depending on what uses they exempt 
from taxation , how aviation fuels are classif ied , which fuels are taxed , and 
how rapidly the data is processed . Data are generally not standardized to re
flect population growth , fluctuations within states due to tourists , and divi
sion between personal and commercial uses of gasoline . It is questionable 
whether the data presently available could take these changes into account . 

Generally , states also have gas and electric utility consumption data for 
the residential , industrial , and commercial sectors , although these data are 
usually at the broad sectoral level and not available for individual components 
of a sector . Some states have broken down the data by sample surveys of user 
categories and then extrapolated patterns of use to the general population in 
that user category . However , sample surveys on utility consump tion have not 
been conducted in most states . 

SUMMARY OBSERVATIONS 

From an examination of energy policies and data needs , a few general ob
servations can be made about the procedures that states are following , and 
some alternat ive approaches for energy data use can be described . 

The degree of sophistication in the collec tion and use of energy consump
tion data differs drast ically among states , depending upon their fuel needs . 
California , Oregon , Texas , Minnesota , and Washing ton have very sophisticated 
methodologies and forma of data collection . These states can provide the 
federal government with advice and are presently providing informal advice to 
other states . South Dakota , by contrast , has little information on the data 
that are available to the state . Many states are using the resources of  
either state univers ities or independent contractors to do some energy consump
tion data collection , compilation , and analysis , rather than undertaking these 
tasks within the state government . 

There are three maj or considerations that determine the differences in the 
energy policies and data needs of states : First , the reasons for gathering 
the data--for planning , allocations , or perhaps only to satisfy one of the 
requirements of the Energy Policy and Conservation Act . Second , the planned 
use for the data--for the development of policy alternatives , conservation 
plans , or emergency program planning . Finally , the specific policies for which 
the data will be used--does the available data answer the quest ions raised in 
the policy formation process ?  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

E n e r g y  C o n s u m p t i o n  M e a s u r e m e n t :   D a t a  N e e d s  f o r  P u b l i c  P o l i c y
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Many states are overwhelmed by "data overload , "  that is , many of them 
have too many data of the wrong type for state planning and not enough basic 
historical data relating to functional end use in the state . It would be 
better for states to start with non-emergency energy data policies that the 
s tates and local j urisdictions can implement and then define the data needs 
related to those policies . In addition , many states are overwhelmed by the 
number of data bases on energy consumption that are currently being developed 
in which they are expected to take part . The Federal Energy Administration 
has constructed longitudinal state energy data bases (as was previously noted)  
as  well as a consumption data base for the various sectors that has state-level 
data for some sectors . Several of the regional governors ' councils are plan
ning to create energy data bases . As might be expected , such a duplication of 
effort creates multiple problems in terms of both costs and the different in
terpretations of  the same data for each state . 
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