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LEGAL NOTICE

This report was prepared by the Energy Modeling Forum (EMF), administered by the
Institute for Energy Studies, Stanford University, as an account of work sponsored
by the Flectric Power Research Ianstitute, Inc. (EPRI). Neither EPRI, members of
EPRI, EMF, nor any person acting on behalf of either: (a) makes any warranty or
representation, express or implied, with respect to the accuracy, completeness,

or usefulness of the information contained in this report, or that the use of any
information, apparatus, method, or process disclosed in this report may net in-
fringe privately owned rights; or (b) assumes any liabilities with respect to the
use of, or for damages resulting from the use of, any information, apparatus,
method, or process disclosed in this report.

This report summarizes the results of the EMF working group study. It does not
necessarily represent the views of Stanford Imstitute for Energy Studies or
Stanford University.




EXECUTIVE SUMMARY

ELECTRIC LOAD FORECASTING: Probing the Tssues with Models

Forecasts of peak load (kilowatts) and electricity consumption (kilowatthours)

are the starting peints in the electric utility planning cycle. As the lead times
required to add new generation capacity have lengthened, and the costs of new
capacity have risen, the importance of forecasting has increased substantially.

At the same time, the growth of electricity consumption has broken with past trends,
and the uncertainty of forecasting has widened.

To help utilities deal with the new complexities and uncertainties of forecasting,
the Energy Modeling Forum has examined several forecasting issues with 10 current
models. This report presents (1) observations from that investigation and (2)
recommendations for dmproving the quality and use of forecasting methods.

This study was conducted by a working group with participants from utilities,
government agencies, universities, and comsulting firms. The working group was
chaired by a senior utility planner and included model developers and users of
model results. The group met four times over nine months to design, implement,
and interpret several experiments with the medels.

Two major objectives were met in this process:

o the experiments identified and illuminated key forecasting issues;
and
e the interactions among working group members improved their under-

standing of the capabilities and limitations of the use of models,
The models studied illustrated two approaches:

® the econometric approach, which uses statistical methods and his-
torical data to infer the response of consumers to changes in
prices, incomes, and other wvariables; and

o the engineering approach, which emphasizes the end-use detail needed
to analyze the patterns of electric loads and to assess the impacts
of load management and efficiency standards.

Based on its discussions and analysis, the group reached the following conclusions:

& Electricity consumption, given the assumptions of the modelers, is
forecast to grow more slowly than in the past; see Figure 1.

e Load shape, peak demand, and electricity consumption are critical
determinants of future generation capacity requirements. Implemen-
tation of time-of-use pricing and load management techniques will
make forecasting load shape crucial in the future.
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Figure 1 Range of Historical Electricity Consumption and Ref-
erence Case Projections for Participating Models

Increases in real electricity prices significantly reduce the con-
sumption projected with models that explicitly include prices,
although the degree of response was substantially different among
the models; see Figure 2, As electricity prices change, capturing
this effect in the forecasts will continue to be important.

Increases in the relative prices of other energy sources {(e.g.,
natural gas) cause increases in the electricity consumption pro-
jected with models that explicitly include the prices of these
fuels. As prices of competing fuels change, it will be vital to
capture these effects in the models.

Combined historical data from many regions represent a largely

untapped source of information, but the appropriate use of these

data was hotly debated in the group. The significance of the issue

has been highlighted by the observation that the price effects are much
larger in two of the three models estimated with combined data than

in the models estimated with data from a single utility area. One
view is that the empirical estimates obtained using single utility

area data are most relevant, while the other view is that the

estimates derived from combined data are most appropriate.

Adoption of efficiency standards for appliances and building con-
struction may significantly influence electricity consumption.
Thus, forecasting techniques should be able to reflect the effects
of standards and other regulatory changes.

iv
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The working group observed several limitations on the use of the models it con-
sidered:

® Uncertainties associated with input variables, such as future elec-
tricity prices, fuel prices, economic growth, population, efficiency
standards, and other regulatory changes, create uncertainties in
the forecasts of electricity consumption. Specifying the values
of these input variables is a critical part of the forecasting pro-
cess. These uncertainties are in addition to the uncertainties
inherent in the models themselves.

° Econometric models, which focus on the estimation of consumer
response, normally are too aggregated to represent the effects of
detailed regulatory or load management policies. Conversely, engi-
neering models, which have extensive end-use detail, normally do not
represent the response of consumers to changes in prices and other
economic factors.

o Despite the recognized significance of load shapes, explicit projec—
tions of future load shapes are found in only 1 of the 10 models.

e Future electricity prices will be strongly influenced by the fore-
cast of future demand that guides the utility's expansion program,
especlally during a period of increasing costs of new generating
facilities. These higher prices, in turn, will dampen the growth

of electricity consumption. This feedback is considered explicitly
in only a few of the models.



The working group recommends:

e A comprehensive forecasting effort should previde a range of fore-
casts. Utility planners should recognize the uncertainty in the
forecast in making capacity expansion decisions.

e Econometriec and engineering methods should be used together, eijther
through the use of compliementary models or as a single model,

] Current data collection procedures should be scrutinized to improve
their cost effectiveness for forecasting purposes; e.g., standardized
definitions would permit data exchanges between utilities,

° Improved data should be collected, e.g., load characteristics of
appliances, further disaggregation of consumption by industrial
classification, and consumer response to alternative pricing structures.

® Since the models give meaning to the data, forecasting methodologies
should be improved in concert with the data bases; e.g., in order
to utilize better end-use data, improvements in engineering models
may be necessary,

® Comparing and evaluating forecasting models is very difficult. Pro-
grams aimed at defining evaluation ecriteria should be examined to
ensure that model development is not stifled.

e Cooperation among utilities with similar forecasting problems should
be encouraged. Examples of mechanisms for joint actions include
the Energy Modeling Forum and the Utility Modeling Forum. In
addition, the EPRI load forecasting symposium was a successful
vehicle for the industrywide dissemination of information, and
conferences of this type should be continued.
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PREFACE

Concern over the level of future energy demand is a key issue in energy policy
planning. The models utilized to project this demand are important ingredients in
developing strategies which can potentially keep the United States energy solvent
through the end of the century, It was for this reason that the Energy Modeling
Forum (EMF) chose the forecasting of future electricity demand as a topic for the
third Energy Modeling Forum working group (EMF 3).

In the winter of 1977, the EMF Senior Advisory Panel requested Bill Hogan,
Executive Director of the EMF, to establish a working group on modeling

for electric load forecasting. Shortly thereafter, Bill asked me to serve as
-chairman. We then selected appropriate individuals currently involved in the
modeling of electrical demand. The main section of this report, Volume 1, is

the product of the combined efforts of the working group. Although the members

of the working group are in general agreement on this report, not everyone nec-
essarily agrees with every statement. The responsibility for any remaining errors
rests with me. :

The efforts of the participants in the EMF 3 and the EMF staff make the result of
the work, in my view, highly beneficial to the energy community. In particular,
I believe that the overall objective of providing a vehicle for communication
betuveen modelers and policymakers has been well realized in this activity. 1In
completing this project, I would like to express a deep appreciation for the
contributions of the members of the working group. These members, although they
had been assured by me in the early working group formulation that the effort
would not impose unduly on their time, ended up contributing time and energy well
beyond that which had been anticipated. The "encounter" sessions which were held
in late 1977 and early 1978 developed the issues which needed to be evaluated.
The cases which were later produced by various models in the evaluation of these
issues further tested the endurance of all of the participants in the program.

I would like to acknowledge particularly those working group members who utilized
their models as a part of this effort. They included Paul Parker and Gary
Ackerman of Commonwealth Edison; Wen Chern, Heoang Nguyen, and Eric Hirst of 0Oak
‘Ridge; ®ill Irish of TVA; George Tu of Consumers Power; Mike Mills and W. G.
Bentley of FP&L; Don Burbank and Bruce Blakey of HNortheast Utilities; Martin
Baughman and Dilip Kamat of the University of Texas; Paul Neergaard of WEPCO;

and Tom Jacob of GPU. T believe it is appropriate and not coincidental that
these participants will reap the lion's share of the benefits from this effort.

I would like to acknowledge the major contributions which were made by Bill Hogan,
Jim Sweeney, and Mark Swift who, through their prior experience in EMF activities,
were able to give me perspectives in the EMF process which helped bring EMF 3 to

a successful conclusion. Mark Swift provided the daily coordination that kept

our group operating and guided the report to completion. Mary Fenelon, Rami
Grunbaum, David Kline, and Tom Wilson of the EMF staff provided tremendous support
in compiling, collating, and analyzing the results of the hundreds of cases which
were run to provide some comparison of the various models which were used. Theix

ix



efforts brought order out of potential chaos. The efforts of all the other people
on the EMI" staff who labored at Stanford were extremely important in making the
whole effort come together., Dorothy Sheffied and Nancy Silvis provided valuable
assistance. The unflappable nature of Dee Druhe and Pam Sherby of the EMF admin-
istrative staff in dealing with a large volume of correspondence and numerous
phone calls was most important. And finally, in my office, Sally 0'Brien was a
tremendous help,.

Financial support for the overall EMF program is provided through the Electric
Power Research Institute. We are most grateful for this institutional support
as well as for the contributions of time and talent of the EPRI working group
members.

B. H. Cherry




ENERGY MODELING FORUM

SENIOR ADVISORY PANEL

The Energy Modeling Forum seeks to improve the usefulness of energy models by
conducting comparative tests of models in the study of key energy issues. The
success of the Forum depends upon the selection of important study topics, the
broad involvement of policymakers, and the persistent attention to the goal of

improved

communication.

The EMF 1is assisted in these matters by a Senior Advisory

Panel that recommends topics for investigation, critiques the studies, guides
the operations of the project, and helps communicate the results to the energy

policymaking community.

The role of the Panel is strictly advisory.
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is not responsible for the results of individual EMF working group studies.
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ELECTRIC LOAD FORECASTING:

Probing the Issues with Models

INTRODUCTICN

Utility plan- Forecasts of peak load (kilowatts) and electricity consumption
ners confront

new problems. (kilowatthours) are two of the inputs used by utility planners

to determine the amount, type, and timing of additions to elec—
tric power generating capacity. Over the past several years,
disruptions of historical relationships in the electricity mar;
ket and of trends in the growth of electricity consumption have
led planners to the development of new, more complicated fore—‘
casting methods. This study has tweo major purposes: (1) to (
learn about the relative behavior and usefulness of some of thé
new forecasting methods and (2) to examine the potential impact
of factors that might strongly influence future electricity

consumption.

THE PROBLEM SETTING

Prior to the events of the early 1970s, planning in the electric
utility industry was less complicated than it is now.l During
the three decades preceding 1970, the cost of generation from
new facilities was usually less than the cost of generatien

from previocusly dinstalled capacity.2 The utility industry's
cost of capital for financing new generation facilities was
relatively low and stable.3 Several alternative generation
technologies were available for new facilities. These facilities
could be sited and constructed within the time horizon of a
reliable projection of load growth. Relative to today, load
growth was more predictable, utility companies were more healthy
financially, and they had less trouble in financing construction
programs. Planning under these conditions involved shorter time

horizons and fewer constraints.



Lead times
are longer.

Since 1970, the lead times required for capacity additions have
increased substantially beczuse of new environmental concerns,
greater complexity and larger scale of new generation technolo-
gies, and longer regulatory proceedings. Figure 3 indicates
that nuclear power plant lead time has almost doubled in the
last 10 years, increasing from five and one-half years in 1967
to 10 years in 1977, and increasing by two and one-half years
from 1974 to 1977. Coal-fired power plant lead time also has
increased.4 With longer lead times needed to add new capacity;
planners must look further into the future, which increases thé

uncertainty they must face.
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Costs are up. Generation costs are now increasing because of rising fuel,
capital, and construction costs, all of which are accentuated
by the rapid general inflation.3’6 National average electricity
prices declined from 1957 to 1969 and then increased by 248%

(in nominal dollars) from 1970 to 1975.2 Any errors, whether
in the form of overexpansion or underexpansion of capacity,

will be more costly than in the past.7

Uncertainty The growth rates of electricity consumption are lower on average

is greater. and also less stable than in the past. From 1960 to 1973, the
average annual growth rate in naticnal kilowatthour consumption
was 7.1%, while from 1973 to 1977 it was only 3.4%; see Figure
4. This break in the growth rate of electricity consumption
reflects changes in underlying facters, such as economic, demo-
graphic, and regulatory cenditions. The instability in the
growth rates and the variations in the underlying conditions

suggest that more factors and more complex interactions between

factors should be considered in forecasting.
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New fore-
casting tools
are emerging.

Modelers and
planners must
examine the
models.

STUDY PROCESS

The need for accurate, longer-range forecasts in capacity plan-—
ning at a time of greater complexity and uncertainty in elec-
tricity consumption trends has led planners to the development
and use of new forecasting methods. Each of these methods
represents an attempt to quantify the impact on electricity use
of some of the variations in regulations and in economic and
demographic factors. The methods include a variety of modeling
techniques and emphasize different factors. The impact of the
different modeling approaches on the electricity consumption

forecasts is neither easily observed nor well understood.

We can increase our understanding of the relative forecasting
behavior of the various modeling techniques and of the impor-
tance of some of the changes in conditions or factors by applying
the models to scenarios. Each model can be used to project '
electricity demand for each year between 1979 and 1990. Then

a single common input, such as electricity price, can be changéd
and a new projection obtained. Comparison of the output of the
two cases will identify the relative responsiveness of each model
to the change in that input. This knowledge is valuable both :
in designing a forecasting model and in understanding the results

of that model.

The develcpment and use of such knowledge will be enhanced by
improving communication between the builders of the models and

the users of the forecasts--the capacity planners and regulators——
as well as between the model builders themselves. The objective
of the Energy Modeling Forum (EMF) is to stimulate and facilitate
such communication and, thereby, to improve the use and useful-
ness of the energy models.8 The EMF is funded by the Electric
Power Research Institute and administered by the Stanford Univer-—
sity Institute for Energy Studies through the Departments of

Engineering-Economic Systems and Operations Research.

The EMI' operates through ad hoc working groups. TFocusing on
an important issue, such as the forecasting of electric leoads,

each working group applies a set of models to specified scenarios




Our working
group span-
ned the in-
dustry;

examined
many gener-
ic planning
issues;

and contrasts the results. The investigation of simiiarities'
and the explanation of differences in the key results help in
clarifying the specific energy issue while isolating the vital’
characteristics of the models. Previous EMF studies examined
the interactions between energy and economic.output,9 and the
changing nature of coal markets.l The investigation of electric
load forecasting is the third effort by an EMF working group

to study a relevant class of models in the context of a pressing

energy decision problem,

The members of this working group were from individual utilitiés,
state and federal government agencies, universities, research .
institutes, and consulting firms. The utilities that were in—:
vited to participate were selected so as to provide diversitieé
of region, climate, size, and economic conditions. No effort |
was made to identify or locate particular types of models or
particularly sophisticated models., The group met four times o?er
nine months to define the problems, design the scenarios, analyze

the results, and prepare the findings.

The first meeting of the working group made clear the need fori
more communication among forecasters. The members of the grouﬁ
had little knowledge of the specific capabilities and limitations
in the use of the models employed by other members of the group.
The discussion centered on the existence of a common, seemingly
unlimited set of modeling questions and forecasting issues faced
by the various forecasters, Tt was difficult to find a common
framework for examining models which were designed for disparaﬁe
regions and which emphasized region-specific forecasting prob—‘
lems. The common set of modeling questions and the problems

0of model comparisons were again discussed at the second meeting.
A few key issues were selected and scenarios were designed to
permit the examination of the issues and of the relative behavior
of the various models. The final two meetings were spent an-
alyzing the results of the scenarios and drawing conclusions

and recommendations about the role of modeling in forecasting

and planning by electric utilities.

L



compared
10 models;

and studied
8 commorn
scenarios.

Forecasts
serve many
purposes.

The 10 models investigated in the current Study cover a spec—
trum of purpeses and methods. Some of the models are policy
oriented with national perspectives, while others are designed

to provide information for capacity planning for a single utilicy.
Some of the models emphasize econometric methods and attempt to
estimate the behavioral response of consumers to changes in
prices, incomes, and other aggregate wvariables through statisti—
cal analysis of historical data. Other models emphasize the
engineering detail needed to analyze the electricity consumption
of various appliances or production processes in specific resi;

dential, commercial, and industrial settings.

These models were applied to a set of eight scenarios. The
scenarios were designed to examine several issues expected to
be important in future policy or capacity planning decisions. (
The issues include changes in the levels of electricity pricesé
and the prices of competing fuels, changes in the structure -
of electricity prices (time-of-day rates), and the introductioﬁ

of appliance efficiency regulations.

This report presents the main results of the discussions and
analyses of the working group. Volume 1 is the summary reportj

Volume 2 is a series of appendixes.

THE ROLE OF FORECASTS AND THE CONTRIBUTION OF MODELS

In addition to capacity planning decisions, forecasts are used
for financial decisions, system design, development of fuels

and energy policies, environmental impact studies, rate setting,
evaluation of load management programs, and a range of related.
activities that ave routinely carried out in the utility planning
environment. In each case, the objective is to obtain a forecast
of appropriate detail and accuracy, and there is a large varia-
tion in the requirements associated with each application. ¥or
example, the development of appropriate rates requires a pro- .
jection of the kilowatthour consumption in each rate class over

a horizon of about one or two yvears, while the development of

capacity plans requires estimates of total kilowatthour



Modeling
can aid
planning.

But there
are limita-
tions of
modeling.

consumption, peak load, and possibly load shape, over a horizon

of 10 to 15 years. 1In this study, we focused on the forecasting

tools that are used in capacity planning.

Forecasts are not simply inputs to capacity planning decisions.
In some utilities, there is explicit feedback: the load forecast
is used to produce a system plan, which is used to predict

future costs and electriecity prices. These prices are then

used to modify the load forecast. The forecasts are part of

a dialogue about the proper trade-offs of conflicting goals and
the likely outcomes of uncertain events, The use of a model té
help produce the forecasts can contribute to this dialogue by :
making explicit the assumptions and judgments that are inherené

in any forecast.

On a general level, modeling begins the structuring of the probu
lem by defining data needs and organizing the data through the
framework of the model. The data accessible in the model and :
the construction of the model begin to clarify both the judg-
ments that are needed to carry the analysis forward and the
assumptions that are implicit in these judgments. If all aspects
of the capacity expansion decision are modeled, the explicit :
nature of modeling can be exploited to facilitate the gradual
improvement in our understanding of the decision by structuriné

the debate about assumptions, outcomes, and trade-offs.

The limitations of modeling are important to recognize also.

The basic boundaries of the modeler's understanding are trans-—
ferred to a model. For example, the effects of time-of-day &
rates cannot be modeled without data, assumptions, and a theory
about how consumers will respond to the rates. Modeling, when
properly integrated with the decision process, does not compete
with good judgment and clear thinking; it both exploits and :
reinforces them. Modeling has the potential to help formalize
the decision problems, extend the scope of the analysis, and :

guide the decision process.



Better com-
munication,
understanding,
models, and
forecasts.

Analysis
begins with
the issues.

In the mere specific area of forecasting electric loads, tﬁe
full potential in the use of models is not always being realized,
despite the industrywide use of such formal analytical tools.
Although new forecasting tools are being developed rapidly by
many utilities, EPRI, and others, there has been little in the
way of systematic comparison of methods or results. There is
also a need for better communication between model builders and
users in order to appreciate the capabilities and limitations

in the use of existing models and to identify the most fruitful
areas for future model development. The opportunities are partic~
ularly ripe today for examining the diverse approaches of dif-
ferent utilities in dealing with their common forecasting and
planning problems. Examination of the relative behavior of _
different models applied to a common scenario can highlight the
impact on the forecast of different approaches to the particular

problem, assumption, or issue represented in that scenario.

OVERVIEW OF ELECTRICITY FORECASTING ISSUES

Electricity forecasting issues vary in the ways they impact on
the forecasting problem. The impacts may be divided into three

general groups:

® those that are directly related to the consumption
of electricity, such as from the development of
new appliances or industrial processes, the adop-
tion of appliance efficiency regulations, or a
change in the relative prices of competing energy
sources;

® those pertaining to the forecasting method itself,
such as determination of how price response should
be estimated and how it should be included in the
model; and

@ those that are concerned with the general process
of making and using forecasts, such as the treat-
ment of forecast uncertainty in planning decisions
or the treatment of the relatlonship between supply
and demand through the effect of generation costs
on electricity prices.

Although this study concentrates on the first two types of
impacts, the working group recognizes that the issues surrounding
the forecasting process may be the most important in determining

the usefulness of models,




Electricity
prices have
increased.-

Higher fossil
fuel prices
affect elec-
tricity costs
and compe-
tition.

Among the most consequential forecasting issues are those that
arise from the need to describe the effects of changing economic
conditions, particularly the effects of recent increases in
energy prices. The economic changes have direct effects on
electricity consumption, and they may affect developments in
technology and in regulatien. In the early 1970s, there was a
reversal of a long-term trend of decreasing electricity prices:’
after dropping from 2.5 cents per kWh (measured in comstant 1972
dollars) in 1957 to 1.7 cents per kWh in 1970, prices increased?
to 2.1 cents per kWh by 1977; see Figure 5. The prices of

competing fuels followed similar trends.
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Figure 5 National Average Price of Electricity

The increases Iin the price of electricity and its competing

fuels, such as o0il and gas, will directly affect the demand for?
electricity. The general increase in energy prices also will '
influence the demand indirectly through the impact of escalation
in the cost of transportation con the location and density of '

new development. To capture explicitly the effects of these



Price in-
creases
affect
techno-
logical
innovation.

New regula-
tions are
prevalent.

factors, the appropriate price variables must be incorpbrated

in the structure of the model. (The structure of a forecasting
model is the form of the equations that are used and the variables
that are included in those equations.)} Furthermore, the responée
of electricity demand to variations in prices must be accurately

reflected in the coefficients of the model. (The coefficients

or parameters are the numbers that describe the size of the

impact on one variable of a change in another variable.)

During the period of declining energy prices, technological de—i
velopment moved in the direction of more energy-intensive pro-
duction processes and labor-saving consumer appliances. FEconomie
theory implies that in a period of rising energy prices this :
trend can be expected to slow down or reverse, which could have
a large impact on electricity consumption. These impacts of
higher prices should be considered in forecasts of electricity

demand.

Another complicating factor is the increased participation of
regulatory agencles in the electricity market. In several states,
new rate structures have been introduced to promote efficiency

of energy use. For example, variants of marginal-cost or time-—
of-day pricing have been introduced as incentives to shift ‘

consumption away from pericds of peak demand.

Efforts to improve the efficiency of electricity use have in-
cluded regulations specifying minimum standards for appliances
and for building construction, such as those proposed by Con-
gress.ll Other efforts have been directed at encouraging the
development and use of dispersed sources of energy, such as co-
generation facilities and solar devices. Each of these regula-
tory activities affects the structure of the electricity market.
Because the regulations are recent developments, little data are
avallable on which to estimate their impact on demand. However,
efforts are under way to collect such data. Expansion of the
models to include the detail needed to represent alternative
structures of demand is one of the major trends in the analysis

of load forecasting problems, but it is in its early stages.

10




Environmen-
tal controls
affect costs
and lead
times.

The working
group ax-—
amined key
issues.

The lack of data is a major obstacle in guickly implementing

more detailed modeling methodologies.

Another set of issues derives from a possible shift in social
values. Higher energy prices, the threat and the reality of
supply interruptions, and the exhortations of national leaders
have focused our attention on energy problems. UWhether the
public response to these changes is through the emergence of a
new energy ethic or simply the natural response to a change

in relative prices is unresolved.

Efforts to reduce environmental impacts'include closer scrutiny
of and more control over the siting of generation facilities,
greater emphasis on plant safety, and stronger controls on air
and water pollution. Although these measures will serve to 7
increase the price of electricity, their effect on lengthening
the time required to bring new generation plants on line may

be just as important for the forecasting problem as the effect -
of increased prices. 1In the case of nuclear plants, the average
regulatory review time has grown from about one year to between
three and four vears. Such increases lengthen the time horizon
for capacity planning, increase the importance of long-range
forecasts in the plénning process, and expand the uncertainty

of the forecasts and capacity plans.

From this set, the working group selected a few specific issues
use in the design of the scenarios to which the models would be
applied. The primary selection criterion was that the issue

would be likely te have a significant impact on capacity plan-

ning decisions. The following issues were chosen for study:
° increases in the prices of electricity;
° increases in the price of competing fuels, such

as oil and natural gas;

'y load management in the form of time-of-day pricing
of electricity;

e the adoption of conservation regulations in the

form of appliance efficiency standards and resi-
dential construction standards; and

11
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® technological change in the form of the-development
of cogeneration facilities.
For each of these issues, scenarios were designed to highlight
the potential impact of the assumed changes on demand and on the

behavior of the forecasting models.

THE MODELS

Ten models were used in this study; see Table 1, All of the
models, or variations of them, are currently being used as in-
puts to utility capacity planning decisions, national policy
analyses, or regulatory decisions. Seven of the models were
developed by utilities. Two of the models were from the energy‘
research group at Oak Ridge National Laboratory. One was from 5
the Center for Energy Studies at the University of Texas. All
were applied to the scenarios in this study by the analysts whoi
developed them or who currently have responsibility for applying
them to planning problems. In this section, we present a briefﬁ
discussion of the differences between the particular methods
used in the models. More detailed descriptions of the models

are given in Appendix A in Volume 2 of this report.

Table 1

MODELS USED IN THE ELECTRIC LOAD FORECASTING STUDY

Commonwealth FEdison Company, Econometric Model (Comm. Td.)
Consumers Power Company, Kilowatthour Sales Hodel {CPC)
Florida Power & Light (FPL)

General Public Utilities (GPU)

Northeast Utilities, Electric Energy Demand TForecasting
Model (NU)

Oak Ridge National Laboratory, Residential Energy Demand Model
(ORNL~REDM) ;

Oak Ridge National Laboratory, State-Level Electricity Demand
Forecasting Model (ORNL-SLED)

Tennessee Valley Authority, Load Forecasting Model (TVA)

University of Texas, Baughman-Joskow Regionalized Electricity
Medel (Bazughman-Joskow)

Wisconsin Electric Power Company (WEPCO)

12




Model de- Fach model in this study can be characterized in terms of trade-
signs re- . :
flect data-
detail consumption processes and the use of empirical data to infer the
trade~offs.

offs between the use of detail in the description of the energy

behavior of electricity consumers. Ideally, both elements would
be developed fully in each model: extensive detail about the
many energy-using possibilities would be described in terms of
data drawn from the observation of actual choices made by con-
sumers. In practice, these elements are in conflict. Empirical
data are not generally available to describe all the choices of;
a very detailed model. For example, when dealing with new or )
speculative technologies, data on prices and market penetrationj
are neot available, so judgment and calculation must be used in f
place of empirical data to establish the behavier of the systemi
Conversely, the use of the available data may restrict the
modeler to a very aggregate structure, correlating prices and
quantiries without uncovering the technological workings of the‘

relationship.

Modelg re- Both approaches have merit and each can be found in the models
flect engi-

neering or
econometric but little behavioral data, are called "engineering models."
designs.

used in this study. The models with very detailed descriptions,

The Northeast Utilities model for the residential sector is an
example of an engineering model. The models based on the infer-
ence of consumer behavicr, but restricted teo a very aggregate
representation of demand, are called “econometric models.”
Examples of econometric models are the Baughman~Joskow, ORNL-SLED,
and Commonwealth Edison models. Some analysts have attempted to
capture the chief features of both methods; the ORNL-REDM model
represents an important early attempt at such a synthesis and
points to a promising direction in the development of load

forecasting models.

Models dif- The Comm. Ed. model used in this study is an econometric model
fer in the
regions _
covered. Chicago and portions of northern Illinois. The ORNL-REDM uses

of peak demand for its service area, which includes metropolitan
a mixture of econometric and engineering techniques to forecast

national residential demand for gas, oil, and coal as well as

for electricity. The ORNL-SLED model is an econometric model of

13



Models dif-
fer in the
systems
covered.

electricity consumption and prices for New York sﬁate. TVAmu;éé
several methods to forecast demand for its service area, which :
includes parts of seven southeastern states; the primary model
is econometric. CPC uses an econometric model to forecast for
most of Michigan. The FPL model is an econometric model of
southern and eastern Florida. Wortheast Utilities uses engi~
neering models for the residential and commercial sectors and an
econometric model for industrial sectors in parts of Connecticut
and Massachusetts. The Baughman-Joskow model embeds econometric
equations of electricity consumption in a regicnalized, nationai
system. WEPCO uses a very large econometric model of the regioﬁal
economy and the electricity use in southeastern Wisconsin, in-
cluding Milwaukee. GPU uses an engineering model to forecast

for parts of New Jersey and Pennsylvania.

In addition to the differences in regions and in forecasting
methods, the models differ in the framework in which these fore?
casts are set. Some models are strictly electricity forecasting
models. In others, the demand forecasting equations are included
as a compenent in a larger model that incorporates various as- ? 7
pects of supply, such as generation and distribution. 1In the
Baughman-Joskow model, the econometric demand model is set in

a framework that represents the entire utility planming, fi-
nancing, and regulatory process. With the ORNL~SLED model,
simultaneous forecasts of electricity prices and consumption

are obtained. The designs of the other models do not explicitly
incorporate both supply and demand relationships, However,

the forecasting procedures of some of the participating utilities
include review by system planners to ensure that the prices used
in the forecast are consistent with the supply implications of

the load forecast.

The variation in the regions represented is an important dif-
ference between the models. Although each utility company
model is designed for a specific service area, there is tremen—
dous diversity in the areas represented. For example, the
Corm. Ed. service area is dominated by the heavily urbanized

and industrialized region of Chicago and northern Illineois,

14




Scenarios
were de-
signed
around the
issues.

Problems re-
main in com—
parison of
model re-—
sults.

The Reference
case was
unigue for
each model.

while TVA encompases extensive rural areas in seven south-
eastern states and includes substantial amounts of electricity

use by federal uranium enrichment facilities.

EXPLORING MODELS AND ISSUES THROUGH SCENARIOS

The examination of the relative behavior of the different models
was accomplished through the application of the different models
to a common set of scenarios, Scenarios were constructed to
represent a subset of the important forecasting issues described
above. The issues selected were among those that the working |
group expected to have a major impact on capacity planning
decisions and were typical of major areas of debate in demand
forecasting. Of the issues initially identified as important

on the basis of these two criteria, some were not examined be- |
cause of limitations in the design of the models available to

the working group participants.

Even with a common set of scenarios, comparative analysis of
electricity forecasting models is difficult. As mentioned above,
there is no common geographical focus in the models., 1In com-
paring the results of several models for each scenario, this
means that some of the observed differences will be due to the
variations between the methods and some will be due teo the varié—
tions between the regions. The working group could not devise

a4 way to separate conclusively the effects of methodological
differences from the effects of regional differences. To help
alleviate this problem, the scenarios were designed in terms of
deviations from a Reference case. Each participating modeler
specified the Reference case for his own model and region. The
forecast results for each of the issue-specific scenarios were
then examined in terms of the deviations from the Reference |
case results., This eliminates the most obvious variations

across regions, but does not completely isolate the causes of

differences in the results.
The Reference case for each model was the modeler's own current

planning or "Base" case with two modifications. Since one of

the scenarios specifies a particular structure for pricing

15



Cther
scenarios
examined
prices,

cogenera-
tion,

efficiency
standards,
and

electricity by the time of day when it is consumed, any time-
of-day pricing influence was excluded from the Reference case.
Another scenario specified a set of appliance efficiency stan-
dards, so the effect of any other such set of standards was
removed, Aside from these two modifications, the Reference

case reflected the experience and knowledge of each forecaster
about his region and model. It thus embodied the best judgmenté
for each region and provided a basis for examining the changes
in the forecasts that resulted from each of the issue-specific
scenarios. The assumptions for these scenarios are summarized

in Table 2 and described below.

The working group constructed three scenarios to assess the _
impacts of an increase in the price of electricity on kilowatt;
hour consumption and peak load. In addition to the effect of :
an increase in the average price of electricity, the group

examined separately higher charges for peak kilowatt usage and .

an increase in the charges for kilowatthour consumption.

The effect of increases in the prices of fuels that compete with
electricity was studied in a scenario in which the delivered |
prices of oil and natural gas were increased by 20% over the
Reference case. Note that the price of electricity was not

changed from the Reference case.12

Twe models, CPC and TVA, were applied to a scenaric to ascertain

the potential impact of greater use of cogeneration.

For another scenario, a set of efficiency standards was assumed
to apply from Japuary 1, 1978 for new residential appliances
and buildings. These standards are specified in terms of per-

cent improvements in the efficiency of energy utilization of

new appliances and housing stock relative to the typical appliance

and housing stock existing in the early 1970s. The percentages
shown in Table 3 are intended to be approximations to those

proposed by Congress.
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Table 2

DEFINITION OF SCENARIOS USED IN THE
ELECTRIC LOAD FORECASTING STUDY

Scenario

Reference Case

Price of Electricity-~1
(Average Price Increase)

Price of Electricity--2
{Demand Charge Increase)

Price of Electricity~-3
{Fnergy Charge Increase)

Competing Fuels Price

Appliance Efficiency
Standards

Technological Change——
Cogeneration

Time-of-Bay Pricing

Definition

each modeler's current planning
of "Base'" scenario with time-of-
day pricing and appliance ef-
ficiency standard effects
removed

10% increase in the average price
of electricity over the price used
in the Reference case :

10% increase over the Reference
case in any demand charge with
energy charges held at the
Reference case values?®

10% increase over the Reference :
case in energy charges with

demand charges held at Reference
case values?® '

20% increase over the Reference
case in the delivered prices of
0il and natural gas®

Efficiency improvements relative
to typical equipment or buildings
in place in 1974 were specified
for major appliances and resi~
dential buildings? (Table 4).

10% incremental tax credit on
the cost of investment for
cogeneration facilitiesb

6~to~1 price ratio for on-peak
to off-peak consumption for all
customers with the peak period
being 8:00 a.m. to 8:00 p.m. on
nontheliday weekdays®

#a11 changes are specified to begin on January 1, 1978 in the
model runs.

bAlthough the scenario was initially specified in this manner,
later study showed that none of the models could be used to

assess the impacts of such a tax incentive.

Two models were

used to assess the potential for cogeneration on a more judg-
mental, or implicit, basis by preparing a separate analysis
of the demand for cogeneration and using this to adjust the
model results.

17



time-of-day
pricing.

Table 3

PERCENT IMPROVEMENT IN EFFICIENCY OF NEW RESIDENTIAL
ELECTRIC EQUIPMENT AND NEW RESIDENTIAL STRUCTURES

Equipment
Space heating 0
Water heating ' 20
Refrigerators 50
Freezers 30
Room air conditioners 55
Central air conditioners 25
Other (television, clothes washers
and dryers, etc.) 20
Structuresa
Single-family 40
Multifamily 30
Mobile home 25

aImprovements apply only to space heating.

Yor the scenario on time-cf-day pricing, separate rates were
specified for two periods, peak and off-peak, with the peak
period rate being six times the off-peak rate. The peak perio&

was from 8:00 a.m. to 8:00 p.m. on nonholiday weekdays.

All of the changes in the scenarios are assumed to begin on
January 1, 1978. The two modifications of each modeler's own
Base case, which must be made to obtain the Reference case for
this study, combined with the assumption that the changes din
each scenario are instituted on January 1, 1978, preclude the
interpretation of the results of this study as forecasts, and

the Reference case is not intended to be a forecast of the group.
It merely provides a basis for measuring the relative importance
of various factors or issues and the sensitivity of different
models to these factors. (Graphs of the results for all modelé

and scenarios are presented in Appendix D of Volume 2.)

Not all of the models were applied to every scenario. Table &

indicates which models were applied to each scenario.

18




aTuxad 30U PEP SwWI2 pur 23BT Apnis 2yl pautrcl sTopou

pesn Tepow @yl jo jaed jou sxem suoTienbs 1o s9TgETARL

Tt i Wgorapuens TTE 03 uorieorrdde
(om3) ¥S9YI~-O0TIBUSDS STUI I0J UNY ION--UN

*ifpnis STy i

JUBAD[RI-—-0TABUSDS STYI 03 porTddy 1oN--VN

VN VN ¥N VN VN VN VN X add 0T
VN VN VN N X YN N X 0DdIM '8
VN VN VN X ¥N VN X X Ao¥sor
—-ugpwysneg *g
X VN X VN VN VN Vi X N 4
VN VN X VN VN VN X X T4l "9
VN X X X VN VN X X 2dD S
VN X X X X X p:¢ p:¢ VAL "%
Vi VN VN X VN VN X ¢ qQIIS-IR30 ¢
VN VN p:¢ X VN VN X X RATE-TINEO T
Vi VN VN X X X e X ‘Pl ofumoy T
SuroTag HoT1E1o1us30 spaERpuURlg Muwwm 28aryg e8aeun Chyded-1 JSED
AB(~JO-2WT] H 9 AJU9TOTIIE wﬁawma%oo A83sug pusweg e3TIBAY 9OUIIDIVY
1 A 9 d a 0 g A ToPOR
0TiBUBDG

SOTYVNEDS HHL SSEUAIV OL dES STIGOH

7 3T4EeL

19



Reference
case demand
growth pro=-
jections are
lower than
historical
growth rates.

Higher elec—
tricity
prices re-—
duce demand.
But modelers
disagree on
price Im-
pacts,

OBSERVATIONS AND CONCLUSIONS

Analysis of the application of the models to the scenarios and
more general discussions of the working group led to several

observations and conclusions.

Growth Rates

The rapid growth of total electricity consumption that existed
prior to 1973 is not projected to continue under the conditions
used by the modelers in the Reference case of this study,.

Under the Reference case assumptions, the median model projection
is a growth rate of 4.7% from 1975 through 1990 (Figure 6) in
comparison to a national average annual rate of 7.1% from 1957:
to 1973 (Figure 4). Between 1973 and 1977, the national averaée
annual growth rate of electricity consumption was only 3.47%7.

The drop in the growth rate from that which occurred between
1957 and 1973 reflects the adjustment of electricity consumers?
to many new factors: low economic growth rates, higher energyi
prices, and policies designed to increase the conservation of _
all forms of energy. To a degree, the modelers address all of
these factors. The results are projections that are different:
from those of the past. In only one of the scenarios examined'
does the growth rate in electricity consumption approach the
historical rate. In this case, the rise in the price of com-
peting fuels, with no increases in the price of electricity,

causes a shift towards electricity.

Price Relationships

The increase of real electricity prices has contributed to the
recent reduction in the growth rate of electricity use. 1In 7
most regions, the price of electricity is expected to continue
to increase. Figure 7 shows the changes in electricity con- |
sumption in response to a 10% increase in the average price of .
electricity relative to the Reference case. As can be seen, f
there is a wide range in the size of the projected impacts.

The reducticen in the consumption of electricity in 1990 in
response to the 107 price increase ranges from more than 10%

for the Baughman-Joskow model to less than 2% for the CPC model.

20
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Similar results are observed in the proje
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ctions of peak load.

These results indicate that prices could have a significant im-

pact on future electricity censumption.

cate that there are considerable differen
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both for
electricity
and competing
fuel prices.

Effects of
higher prices
a key, unre—
solved issue,
with large
costs for
errors.

as to the importance of prices in determining demand. These
differences and the magnitude of the potential impacts identify
a key forecasting problem that deserves priority attention by

utility planners.

The prices of fuels that compete with electricity--oil and
natural gas--are also likely to continue to increase. Figure §
shows the change in electricity consumption in response to a
20% increase in the prices of all competing fuels but no change
in the price of electricity relative to the Reference case.
Again, there is a wide range in the projected impact on the
level of electricity consumption in 1990, from 8% for the

ORNL-REDM model to 1% for the CPC model.
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Figure 8 Change in Electricity Consumption with 20% In-
crease in the Price of Competing Fuels Relative
to Reference Case (for those models that were
price-responsive)

The dimportance of these variations in price response is under-
lined by examining the projected growth in electricity prices;
the wide variations in the projected impact of prices would not
be important if no significant price changes were expected.

However, such price changes are expected. Figure 9 shows the
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future electricity prices projected by the working group for
the Reference case. These range from an increase of only 2%
over the 1975 to 1990 period in the Baughman-Joskow model to
approximately 477 in the CPC model. The median, which is about

20%, is used in the ORNL-REDM model.

Figure 10 shows the natural gas price projections used by the
modelers in the Reference case. The lb5-year increase ranges
from about 30%, employved in the Baughman-Joskow and ORNL-SLED
models, to 350%, used in the Comm. Ed. model. Again, the median
value, which is 100%, is input to the ORNL-~REDM model. Thus,
the expected price Increases are quite large and their impacts

could be significant.

As an example of the potential significance of price changes,
let us consider the case of a hypethetical utility which, under
our median price projections (as shown in Figures 9 and 10) and
median price responsiveness (as shown in Figures 7 and 8), fore-
casts a 1990 peak load of 10,000 megawatts (MW). If the re-
sponse to changes in the price of electricity was not equal

to the median value, but was equal to the higher value found

in the Baughman-Joskow model, this difference alone weould
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reduce demand by about 1500 MW, the equivalent of one and one-

half large baseload plants..

Similarly, changing only the

response to natural gas price from the median value to the

highest response {exhibited by the ORNL-REDM model) could in-

crease demand by more than 1200 MW,

of generating capacity would

Addition of this amount

cost well over a billion dollars.

While these differences in total demand of 15% and 11% are

significant, they are an even larger percentage of the new

capacity requirements which,
median growth rate, would be
1975 and 1990, These simple
of having accurate estimates

price changes.

in our hypothetical example, with
approximately 5000 MW between
examples indicate the importance

of the response of demand to

The number that indicates the responsiveness of demand to a

price change is the elasticity of demand. If price changes by

a small percentage, the elasticity is given by the ratic of

the resulting percentage change in demand to that percent

change in price.

For example, if a 10% increase in price

resulted in a 5% reduction in demand, the price elasticity

would be -5/10, or ~0.5.
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Figure 11 Electricity Price Elasticity of
Kilowatthour Use

elasticity of electricity consumption exhibited in the models
in this study: the response of kilowatthours to a change in
the price of electricity with all other variables held constant.

Figure 12 displays the cross-price elasticity of electricity
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Figure 12 Competing Fuels Price Elasticity of
Kilowatthour Use
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What do inter-
regional dif-
ferences tell
us?

consumption: the response in consumption of kilowatthoufs.to 4

a change in the price of competing fuels with all other variables
held constant. These two graphs again show the wide variatien
between the models. They alsc show distinct differences in the
dynamics of the response to price changes: some achieve the
total response, albeit a small one, in only one year, while

others are still adjusting after 12 years.

It is difficult to reconcile the elasticity estimates from the
models for several reasons, First, there are different struc-
tures or types of equations in the models to represent the
relationship between price and demand. Second, each model is
estimated for and applied to a particular region, and the f
regions exhibit great diversity. Third, the type of data used;
to estimate the coefficients in the models varied from a single
time series of the values of variables from one region to a ;
pooled set of several time series of data from a cross section
of many regions. Nevertheless, examination of the results of
this study reveals that the magnitudes of the elasticities var&
directly with the geographical scope of the data used to esti-
mate them: larger geographic scope seems to be associated

with larger elasticities. This property may be simply a chance
occurrence due to the small number of models considered. How-
ever, the working group's analysis indicates some of the dif-
ferences in the elasticities may well be caused by the type

of data used,

This phenomenon is a common occurrence in econometric modeling.
The time-series data from a single region, or a single utility,
tend to yield relatively low estimates of the effects of prices.
Although this could be caused by many factors, the main dif-
ficulty may be the slow response of demand to changes in prices,
It is very difficult to get data of sufficient variety, dura-
tion, and accuracy to untangle the complexities of the demand
adjustment; the resulting econometric estimates may be an unde-
fined mixture of short- and long-run responses. OUne solution

to this dilemma is to combine the data from many regions. If

the structural differences in the regions can be accounted for
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(i.e., 1f the differences in income, population, weather, etc:i
can be controlled by inserting appropriate variables in the
model), the correlation between price and demand across regioné
can be interpreted as the loang-run behavioral fesponse. Even
if the prices are the same across regions, combinations of the
data increase the range and size of the sample and may improve
the precision of the elasticity estimate. Higher estimates

by as much as a factor of five may result from a combination
of the data; however, it is difficult to be sure that the
differences across regions have been isclated from the effect
of prices. (A general discussion of important econometric
issues in electricity forecasting, including the impact of
single-region (time-series) versus multiregion (cross~section)i

i

data, is contained in Appendix I, Volume 2, of this report.)

Efficiency Standards

Efficiency The introduction of efficiency standards for new appliances,
standards . . . . . '

construction, and industrial processes is a major thrust of
also are

Iimportant. national energy conservation programs. These standards also
represent a major modification to the forecasting problem;
the models are being adapted to accommodate this new situation,
Examination of the models indicates that there is a wide varia-
tion across models in the way that new standards are treated.
Also, the results of the scenarics indicate that the efficiency
standards could be a significant factor in changing future levels
and shapes of electricity load. Figure 13, for example, shows
the reductions in peak load due to the efficiency standards
relative to the Reference case. The models with explicit
engineering detail, often with separate representations of the
use of individual appliances, are the most sensitive to the
introduction of new standards; frequently this is the purpose f
for which these models were designed. For example, the NU
model, which is a strictly engineering approach to the resi-
dentlal sector, shows the greatest impact of the standards—-
an 18% reduction. To some extent, all the modelers are in-
creasing the engineering detail in their systems and this
trend is expected to continue. The full impacts shown in

Figure 13 may be greater than those that might actually occur;
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Figure 13 Change in Peak Kilowatt Load with Appliance
Efficiency Standards Relative to Reference
Casel?

because the standards tested here are slightly more stringent
than those recently proposed by Congress.]'l The scenario none—i
theless provides a good test of the importance of standards

and of the capabilities of models to incorporate this new

information.

One problem in modeling the effect of efficiency standards on
electricity consumption is separating the effects of the stan- '
dards from those reductions that would occur normally in response
to higher prices. 1If there are no efficiency standards, then |
as the price of electricity rises, a consumer can reduce elec—
tricity consumption in three ways: by reducing the use of :
currently owned appliances, by changing the number of electricél
appliances owned, and by purchasing appliances that use elec-
tricity more efficiently. Each change in use contributes a :
component to the measured demand elasticity. Mandated standards
will increase appliance efficiency to the regulated levels, '
Thus, in the presence of binding standards, as the eléctricity.

price rises, a consumer further reduces electricity consumption
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only by reducing the utilization or number of electric appliances,

but not by increasing the efficiency of his appliances.

More de- Accurate estimation of the consumption reductions associlated
tailed mod-

with price increases plus efficiency standards is possible
els needed P P Y p

to resolve through the use of a structural mcdel that separates appliance

gZZEifng ownership and utilization decisions from appliance efficiency

and choices., There has been only one attempt, among the models
included in this study, to separate the components of the de-
mand elasticity——the ORNL-REDM model. All three components of
the demand elasticity are significant in this model; no one
component dominates the others over the 15-year horizon exam-
:i.}:hed.l'slg

to evaluate Only two of the models, NU and TVA, explicitly forecast load

load shapes. factor.léi The methods used in the two models are different;

however, both results suggest that efficiency standards will
have a significant impact on load factor, as shown in Figure 14;
Since the efficiency standards apply to appliances operated
priﬁarily during peak hours, imposition of standards improves
the load factor. Hence, the load factor, an important input
into capacity planning decisions, may be quite sensitive to

economic and regulatory conditions.

Load Shapes

Even explicit modeling of the overall load factor may not be
sufficient for capacity planning; the shape of the load curve
on peak days may be more important. A possible result of time~
of-day pricing, as projected with the NU model, is the rapid
escalation in load at the time when the rates change from the
higher, "peak" rate to the lower, "off-peak'" rate. This could
result in a double peak; the normal daily peak would remain,
albeit at a lower level, and a secondary péak would be intro-
duced at the end of the peak pricing period. Tt might be
necessary to use peaking capacity twice each day, with attendan£
startup problems and inefficiencies. '"Shoulder" or intermediate
rates between the two periods could reduce the abruptness of the

load changes and simplify the capacity dispatching problems.
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Weather changes can also produce needle peaks with large,

rapid increases in load, which require that the necessary
capacity be available to be brought on line quickly. These
rapid changes in load create complicated problems for dis~
patching and capacity planning, particularly in selecting the
appropriate mix of generating facilities. Therefore, it is
important to forecast the daily load shape as well as the annual
kilowatthour consumption and the peak kilowatt demand. The
problems of needle peaks and the experience of one utility are
discussed in more detail in Appendix G, prepared by the working
group members from Florida Power & Light Company. The experi—j
ence of another utility with time-of~day rates is discussed

in Appendix F, prepared by working group members from Northeast
Utilities Service Company. Both appendixes appear in Volume |

2 of this report.
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Electricity
consumption
may cease
to grow
faster than

the economy.

FEconomic Activity

A further result of interest from this study is the relationship
between the kilowatthour projections in the Reference case and
the measures of economic activity in each model. 1In the past, .
the growth of electricity consumption has been much faster than
the growth in the output of the economy. The use of electricity
per dollar of real GNP increased at an annual rate of almost :
5.8% from 1950 to 1973. With the trend to higher energy prices
and greater conservation, this increase in the saturation of .
electricity might be expected to diminish. But the full :'meli—'E
cations of the data in Figure 15 are surprising; many of the
ratios projected with the models are essentially constant afteﬁ
1985. This indicates that the increasing saturation of elec- :

tricity may soon come to an end.

Model Comparisons :

i
These analyses, especially those concerning elasticities, depend

]

on comparing the results of models which have been designed for

and applied to regions with major differences in demographics, -
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Model
evaluation
technigques
need im-
proveient.,

Modeling
has 1imi-
tations:

climate, and industry. Even with carefully.designed scenariosf
and painstaking examination of the results, it is difficult toi
draw firm conclusions about the relative behavior and capabilities
of the different forecasting methods. Similarities and dif-~
ferences due to regional effects were not conclusively isolated
from those due to methodological effects. The results of the
scenario applications provide the setting for analysis of
alternative modeling approaches, but they are not the only
component of the study. There was a consensus among the workiﬂg
group that the primary benefit of the study to them was inhereﬁt
in the processes of communication, analysis, and comparison, :

rather than in specific results.

Part of the process included consideration of the requirements
for better model evaluations., Improved methods for comparing .
the results of models from different regions need to be deriveé,
but any comparative analysis should stress flexibility in modm?

eling, not certification of a few narrow approaches. Improvemént

of model analysis represents a serious challenge to the'ﬁﬁdéiing

profession. In developing new standards for modeling, the broad
contributions of models must be addressed, emphasizing the
modeling process as well as the details of the models' designs.
Models are complex, but this complexity cannot be circumvented:
by creating a guarantor to separate the "good" from the "bad"
models. The entire process, including the interaction between
the model user and the model developer, must be designed to

develop better insights dinto the forecasting problem.l7

LIMITATIONS OF THE MODELS

In the preceding section, we noted some of the strengths of
modeling in highlighting important issues and in structuring
the debate on those issues. In this section, we discuss some
limitations of modeling. Consideration of the limitations is
essential for proper application of the models and use of the

results.
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uncertainty The lack of an explicit treatment of uncertainty in forecasts
is seldom '
explicitly
treated major sources of uncertainty in the models: that associated

is a limitation of most applications of models. There are two

with the accuracy of projected values of the input variables,
and that associated with the accuracy with which the model
equations and parameters represent real worid phenomena. Some
of the input variables, such as population, prices, and future
regulatory actions, can significantly impact electricity use.
With the uncertainty in the values assumed for these variables,
the sensitivity of the model to changes in the values can be a :
limitation on the reliability of the forecast. In addition, thé
equations and coefficilents that describe the relationships be- ‘
twéen the variables are, at best, approximations to actual be-
havior. The uncertainty associated with input and coefficient
values usually receives some treatment by forecasters. The Un—é
certainty associated with the model structure is less frequentl§
addressed, although the accuracy of the approximation to his- ;

torical data is usually considered.

{but several An explicit treatment of uncertainty in the values of the input.
. approaches ‘

variables is found in the FPL model. This is achieved through
can be used);

the use of subjective probability distributions over the range
of likely future values for these variables. Other modelers
examine the impact of a range of input variable wvalues and
coefficient values on electricity consumption; sensitivity
analysis is used by many utilities to analyvze future lecads undef
high "optimistic" or low "pessimistic" assumptions. However, |
this approach usually does not allow for formal examination of

the effect of uncertainty on planning decisions.

During model development, alternative forms of equations are
tested to determine which best fits historical data or best
suits some other statistical standard., This is usually the
only recognition given to the uncertainty associated with the
structure of the model and the form of the eguation. It is
possible that the model that best fits historical data may not
provide the most reliable predictions. Many utilities address
this problem by using several models and evaluating the various

results before arriving at a forecast.
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limited end-
use detail;

difficult
to examine
load shape;

for capture
- feedback
effects.

Two closely related limitations were noted by the working group:
it was difficult to use econometric models for scenarios that
involved specific changes in end-use components, such as effi-
ciency standards, while the pure engineering models cannot be

used explicitly to deal with price-induced changes.

Load shape was considered explicitly only by Northeast Utilities.
Currently, most models are designed with constant load factors,
and peak demand is derived from annual kilowatthour consumption.
Even those models designed for peak demand estimation usually
cannot be used for load shape forecasts. A modeling approach
that yields load shapes would simultaneously forecast energy

and peak demand for a given type of day (e.g., peak day).

This information would contribute directly to the decision on
the capacity mix as well as on the total amount of capacity

required,

The price of electricity influences demand, which determines
capacity requirements., Capacity additions affect the cost and;
hence-the price of electricity, which then influences demand. .
The separation of supply planning from demand forecasting opens
this critical lecop and may bias the results of the forecasts,.
This is particularly likely in the current situation of in-
creasing costs of generation and long lead times for plant
construction. This loop can be closed either through explicit .
modeling of the relationships, as in the case of the ORNL-SLED
and Baughman-Joskow models, or through management review and
interaction between the capacity-planning and demand-forecasting

divisions of a utility.

RECOMMENDATIONS

The working group recommends that modelers explicitly recognizef

the uncertainty in their forecasts by providing both a range

of estimates and a mechanism for incorporating subjective |

probabilities in the estimates.
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Integrate
analysis of
uncertainty,
forecasting,
planning.

Use econo-—
metric and
engineering
methods
together.

Once the uncertéinty is described, the forecasters shbuld work':
within the planning process to help assess the probable costs
and benefits of alternate capacity decisions. Ultimately, un-
certainty in the forecasts is reflected in capacity additions
and so should be considered in capacity planning. If future
electricity demand falls short of capacity, consumers will paj
unnecessarily high rates. 1If demand exceeds capacity, outages
will occur and consumers will incur extra costs in the form of
production and property losses. The costs associated with each
type of error, and hence with the uncertainty in the forecast,
can be explicitly incorporated in capacity planning. Fore-
casting methods must advance to the level of incorporating
explicit treatment of the uncertainty associated with the fore—
cast in order to permit full use of this available capacity
planning tool. This could be accomplished, for example, by
embedding the range of forecasts within a formal decision

analysis.

The working group believes that a fruitful direction for
methodological development is the integration of econometric

and engineering approaches in modeling both electricity consumpi
tion and peak load. These techniques complement each other

over a wide range of problems.

Econometric forecasting models work through behavioral relationL
ships estimated with historical data, linking the consumption

of electricity to such factors as its own price, the price of
competing fuels, income, and weather and demographic variablesf
While the econometric approach is good at capturing the be-
havioral patterns of electricity consumers, it also has dis-
advantages. Generally, data availability limits econometric ‘
forecasts to aggregate variables, making it difficult to examine
the role of particular end uses of electricity. Also, since |
they are based on historical data, econometric models may not

be appropriate in forecasting the effect of new technologies

or radical departures from historical patterns of behavioer,.

35



Develop
better data

through lcad
research on

residential

uses,

disaggrega-—
tion of
industrial
uses,

The.engineering approach is based on detailed information on
the end uses of electricity. These models can be used to describe
the efficiency and utilization of appliances and electricity- |
using equipment, With the description of electricity consumption
at the end-use level, the effect of changes in the equipment &
can be assessed., Assumptions about behavioral responses to new:
technologies or price structures can be made with greater con-
fidence when limited to a specific end use, and the effect of
these innovations can alsc be assessed. The major disadﬁantage:
to the engineering approach is that the data are not available ‘
at this level of detail to describe the response of consumers té
changes in income, in prices of electricity, or in priceé of &
competing fuels. The econometric and engineering approaches
differ greatly, and the working group believes that their inte"i

gration could exploit their complementary strengths.

The working group recommends that efforts should be made to im—i
prove the quality of the data. All of the forecasting methods :
could benefit from better data. The econometric models could
benefit from more reliable estimates of the behavioral coef-
ficients, which would be facilitated by the existence of more
complete and consistent data. The development of engineering
models, or more detailed econometric models, or integrated

engineering-econometric models requires more detailed data.

In the residential sector, load research data are needed on

the amount and time of use of specific appliances. Much data
of this type currently exist, but updating is necessary to
measure recent changes in consumption patterns and to incor-
porate the use of newer, more efficient appliances. Since more
efficient appliances are both more costly to purchase and less |
expensive to operate, ownership and use of these appliances may?

not follow the same patterns as with current appliances,

In contrast to the residential sector, the equipment and appli-:
ances used in the commercial and industrial sectors are too
diverse to permit forecasting on the basis of ownership and

utilization of a common set of appliances, Some other basis
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and stan-
dardization
and sharing
of data.

Extend mod-
els by in-
corporating
new features.

of disaggregation must be found. One promising approach is to
disaggregate on the basis of similar types of business or indus-
try. Collecting data on total consumption and hourly load
patterns by industrial sector {perhaps by SIC class) would

facilitate the implementation of this approach.

Some standardization of the data collected by different utilities
or research groups would also be beneficial. Currently, data |
which purport to measure the same general phenomena differ across
utilities in the definitions used and in collection or survey
techniques. There are different definitions for appliance
saturations, usage, and efficiencies; for the separation of
residential, commercial, and industrial customers; and for
prices. This inhibits the transfer of data, the transfer or
comparison of model coefficients or other results, and requires
duplication of efforts and expense. Some standardization of -
data definitions and collection procedures could provide impro#ed
forecasting, as well as improved opportunities for model analysis
and examination, at little cost. Such standardization might even

result in a net reduction of costs.

The working group recommends that model development efforts
should proceed simultaneously with data development. Although
improved data are necessary to facilitate better application
and use of existing techniques, improved modeling techniques
could be utilized with more detailed and reliable data to pro-

duce more accurate forecasts.

Forecasters should work to include, wherever possible and appro-
priate for their service areas, the following additional factors
in their models:

° the effects of changes in the rate, such as two-
part, time-of-day, inverted-block, and seasonal;

° changes in appliance and other end-use efficiences
stemming from price changes or from mandated
energy-use standards governing insulation, light-
ing, space conditioning equipment, etc.;
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Expand the
model com—-
parisons

and the com-
munication
between
forecasters
and planners.

® technical change, such as cogeneration and load
management; and

@ the effect of electricity prices on appliance
saturation.

The working group recommends that additional technigues for
examining and comparing alternative forecasting methods be
pursued. However, this process of model analysis must proceed
with an understanding of the purpose of modeling and the limita-
tions of model comparisons. Comparing and evaluating forecasting
modéls is extremely difficult. Just as the primary use of models
should be to produce insight rather than to produce numbers, i
so the primary goal of model analysis or evaluation should be for
building understanding rather than certification and standardiza-
tion. The model evaluation process should promote the develop-
ment of new techniques. Rigid standards may retard or misdirecﬁ
the development of models as evaluation criteria begin to decayi
into modeling constraints. Programs aimed at defining evalua-
tion criteria and procedures should be scrutinized to ensure that

model development is not stifled.

However, the examination and analysis of forecasting models can
provide substantial benefits to load forecasting and capacity
planning. During the early discussions of the working group,

one of the most surprising discoveries was the lack of knowledge
by the participants of the specific techniques being used by other
memnbers of the group, even though all were confronted with simi-
lar forecasting problems. By the end of the study, there was
consensus among the working group that one of the primary benefits

of the EMI process was the exchange of ideas and information.

There was consensus that an annual meeting of load forecasters
should be held, similar to the FPRI load forecasting symposium.
There was also consensus that part of the work to be presented |
at such a meeting should consist of the results of further com-
parative model studies such as this one. For example, three or
four such working groups could be operating independently but

simultaneously, each one focusing on one particular issue (rather
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than the multi~issue appreoach of this study), and the results
could be presented to the industry at the annual meeting. Our
study didentified many topics that could serve as the issue foci
for these groups, including demand elasticities, appliance
saturation and efficiency elasticities, load shape forecasting,
and the impact of developing technology, among others, The
Energy Modeling Forum and the Utility Modeling Forum provide
vehicles for the conduct of these studies. Other similar efforts

should be encouraged.
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NOTES

1. See, for example: Vennard, E., "Forecasting" in The Electric Power Business,
Chapter 6, McGraw-Hill Book Co., Hightstown, N.J., 1970,

2. Generation costs are ultimately reflected in prices and revenues. The Edison
Electyic Institute Statistical Year Book provides data on total generation and
revenues for utilities in the United States. The yearbook for 1976 and
advance data from the 1977 yearbock provided the following data on revenues
(nominal prices deflated with the Consumer Price Index).

AVERAGE REVENUE PER KILOWATTHOUR SOLD
Year Residential Total Ultimate Customers
{current ¢/kWh) (1972 ¢/kWh) (current ¢/kWh) (1972 ¢/kWh)
1957 2.56 3.75 1.67 2.46
1958 2.54 3.67 1.71 2.47
1959 2,51 3.60 1.69 2.47
1960 2,47 3.48 1.69 2.39
1961 2.45 3.42 1.69 2.37
1962 2.41 3.33 1.68 2.32
1963 2.37 3.23 1.65 2,26
1964 2.31 3.12 1.62 2,18
1965 2.25 2.98 1.59 2,11
1966 2.20 2.82 1.56 2.01
1967 2.17 2.72 1.56 1.96
1968 2.12 2.54 1.55 1.87
1969 2,09 2.38 1.54 1.76
1970 2.10 2.26 1.59 1.72
1971 2,19 2.26 1.69 1.74
1972 2.29 2.29 1.77 1.77
1973 2.38 2.24 1.86 1.76
1974 2,83 2.40 2.30 1.96
1975 3.21 2.49 2.70 2.10
1976 3.45 2.53 2.89 2.13
1977 3.78 2,61 3.21 2.22
3. The cost of capital to utilities is reflected in the interest rates which they

must pay on bonds. The following data show capital and fuel costs (in
current dollars) for utilities.

Interest Rates on New Electric Utility Fuel Costs
Year Light, Power, and Gas Bonds (cents per million Btu)
(percent) Coal 0il Gas Average
1955 3.3 25 34 19 24
1960 4.7 26 34 24 26
1965 4.6 24 33 25 25
1970 8.8 31 40 27 31
1975 10.0 86 200 75 108

These data were taken from Rate Design and Load Control: Issues and
Directions, Electric Power Research Institute, Pale Alto, California,
November 1977, pp. 10 and 11.
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Coal-fired power plant lead time, from licensing to startup, has increased
from six years in 1974 to eight years in 1977. The licensing and design
phase increased from two years to four years in this period; the construction
and startup phase required four years. These coal-fired power plant lead
time data are from Bowers, H. I., "Capital Investment Cost Estimates for
Large Nuclear and Coal-fired Power Plants,' a paper presented at a seminar
entitled Coal vs. Nuclear Electric Utility Generating Costs in the 1980s

{in the Perspective of Recently Announced National Energy Policy), Washington,
D.C., June 29-30, 1977, Oak Ridge National Laboratory, Oak Ridge, Tenn.

These nuclear power plant lead time data for 1967 and 1969 are from Brewer, S.T.,
et al., "Power Plant Capital Costs--Current Trends and Sensitivity to Eccnomic

Parameters,' WASH-1345, U.S. Atomic Energy Commission, Washington, D.C., October
1974. The data for 1974 and 1977 are from H. I. Bowers, as referenced in Note 4.

Steam Plant Construction Costs

Year ‘Current $/kW
1964 127
1966 119
1968 118
1970 126
1972 144
1974 193

Source: same as in Note 3.

Additions to capacity din excess of that needed to meet actual growth in demand
result in losses to consumers in the form of unnecessarily high electricity
rates. On the other hand, insufficient additions can result in blackouts,
with losses in production and employment, disruption of transportation, and
damage to goods. The relative magnitudes of the losses from these two situa-
tions, together with the shape of the probability distribution over possible
future loads, have specific implications for capacity planning decisions in
the face of uncertain future loads. These issues are addressed at length in
EPRI EA-927, "Costs and Benefits of Over/Under Capacity in Electric Power
System Planning," prepared by Decision Focus, Inc. for the Electric Power
Research Institute, Palo Alto, California, October 1978, This paper demon-
strates the advantage of the use of range forecasts, rather than point fore-
casts in capacity planning, and describes the decision analysis methodology
for incorperating that uncertainty.

More complete discussions of the Energy Modeling Forum appear in: Greenberger,
M., "Closing the Circuit between Modelers and Decision Makers,'" EPRI Journal,
October 1977, ¥No. 8, Electric Power Research Institute, Palo Alto, Calif.,

pp. 6-13; Hogan, W. W., "The Energy Modeling Forum: A Communication Bridge,"
paper presented at the 8th Triennial IFORS Conference, Toronto, Canada, June
20, 1978; and Sweeney, J. L., and Weyant, J. P., "The Energy Modeling Forum:
Past, Present, and Future,'" Journal of Business Administration, 1978,
{forthcoming} .

EMF Report 1, Energy and the Economy, Volume 1, Energy Modeling Forum, Stan-
ford University, Staqford, Calif., September 1977.

EMF Report 2, Coal in Tramsition: 1985-2000, Volume 1, Energy Modeling Forum,
Stanford University, Stanford, Calif., July 1978.
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11,

iz,

13.

14,

16.

i7.

In 1975, Congress passed Public Law 94-163, also known as the "Energy Policy
and Conservation Act of 1975." This act specifies that "energy efficiency
improvement target(s)" be set for all major household appliances. These
targets were to be in terms of percent improvements over the efficiencies

of typical 1972 appliances and were to be the "maximum' percentage improvement

- which "...is economically and technologically feasible," with the proviso that

the aggregate improvement over the appliances should be not less than 207%. A
member of the working group devised the efficiency standards that were used in
this study as approximations to the legal guidelines.

This scenario was designed to isolate and examine the response of electricity
demand to changes in the price of fuels that compete with electricity. There-
fore, electricity price was held constant for this scenario, even though 20%
increases in the prices of oil, gas, and coal would raise the cost of genera-
tion and cause the price of electricity to increase,.

The Commonwealth Edison model was also applied to this scenaric. Since it

forecasts peak load and not electricity consumption, results are not reported
here.

The ORNL-REDM model was also applied to this scenario. Since it forecasts
electricity consumption and not peak load, its results are not reported
here.

The Oak Ridge National Laboratory Engineering-Economic Model of Residential
Energy Use separates price and income elasticities into three components,
One component represents the changes in the intensity of utilization of

various appliances in response to price and income changes. Another compo-

nent represents the technological developments in appliance efficiencies

(or building insulation in the case of space heat) that result from changes

in price. The final component represents changes in the purchase and owner-
ship of appliances. In the short run, the utilization response dominates the
other two components. Over a 15-year horizon, the price elasticity of utiliza-
tion tends to be smaller than the price elasticity of efficiency. However,

all of the components are significant over such a time horizon. Information
is not available on the magnitude of each of these components for the aggrega-
tion of all appliances, although it does exist for each appliance individually.
Figure 16 shows the evolution over time of the magnitudes of the components

and of the total elasticity for electric space heating as found in the
ORNL~REDM model..

Load factor is a measure of the "flatness" of the load experienced by a
utility. It is the ratio of the kilowatthours actually consumed to the
number of kilowatthours that would be consumed if the peak kilowatt load
was maintained throughout the year. Mathematically, this is expressed as

actual kWh consumption in a year
(peak kW load) (8760 hours/year)

This issue is discussed at greater length in, "Energy Modeling: Building
Understanding for Better Use," by W. W. Hogan, in Proceedings, Second
Lawrence Symposium on Systems and Decision Sciences, Western Periodicals,
Co., North Hollywood, Calif., 1978, pp. 1-10; and in "The Energy Modeling
Forum: Past Present, and Future,”" by J. L. Sweeney and J. P. Weyant,
Journal of Business Administration (forthcoming).
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