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FORECAST OF ELECTRIC POWER DEMAND
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FORECASTING

I. Introduction

Gulf Power Company's forecasting efforts utilize
two different methodologies as major inputs in the
forecasting of future electric use. These differ in
the inputs utilized and are termed (1) the in-house
end-use forecast, and (2) the econometric end-use
forecast. In the in-house end-use methodology, the
principal driving forces are past trends in customers,
and KWH sales per customer. In the econometric end-use
methodology, the two principal driving forces are the
values of socio-economic variables, unique to or

significantly affecting the Gulf service area, and the

expected conservation induced efficiency of structures

and appliances in future time periods.

The outputs (projections) of these two methodologies
are compared to each other based upon their underlying
assumptions and the differences, if significant, are
resolved. After consideration of these and other inputs,
the official budget is derived.

Each month a complete review of actual KWH salés,
customers and other relevant statistics are compared to
official budget estimétes and deviations resolved. Each
quarter a major review is accomplished by comparing actual
statistics to budget statistics and the underlying
methodologies are examined for relevancy.

Gulf Power continues to recognize that a major

problem facing any utility is the need to reduce
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uncertainty about the future. kIn recent times it has been
apparent that the relatively stable conditions during the
1955-1975 period will not return to our naticn for many
vears. Conseguently, increased efforts must be made at
every level to reduce the error of the estimate about
the future economic environment in which the company will
function. Gulf Power recognizes that additional expenditures
to reduce uncertainty is one of the most cost effective means
of providing effective service to its customers. This
increasing effort is continuing to be made.

The following are summaries of the current methods

used to project KWH sales:

(a) General Description of the In-House End-Use Methodology

for XWH Sals=ss

The in~house end-use methodology assumes a
continuing trend of past usage rates. This assumption
relies heavily upon the last 12 months' consumption,
by class of customers, after correction for
deviations of actual and expected weather. This
trend is then further adjusted for expected conser-
vation and expected changes in the number of customers
in each class.

Though a more detailed description of the
in-house end-use methodology is presented later, the
basic assumption of the methodology is that expected
sales can be based on the expected number of customers
in a period (t) and the expected consumption per

customer in a period (t). A simple multiplicative

17
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function is used to derive expected KWH sales

in the period (t) for each rate class. Summation
of the expected sales in the period (t) for each
rate class (residential, commercial, industrial,
wholesale and street lighting) then gives the
expected total territorial sales for Gulf Power

Company in the period (t).

(b) General Description of the Econometric End-Use

Methodology for EKWH Sales

The methodology in the econometric model

implicitly assumes that different individual

maximization problems are envisioned by each class

of customers. These different classes of customers,

given certain objective functions such as:

o 1. an assumed level of comfort for a residential

customer,

2. some least cost production function for a
commercial or industrial firm,

with assumed constraints such as:

1. Alternative prices of substitutable BTU for
heating or cooling,

2. Given income (for the residential class)

3. Given total revenue (for commercial and
industrial classes)

and that these individual units will make

conservation decisions (economic least cost

decisions) over time which will result in wealth,

profit, or other maximizing decision, given

sufficient information.

18
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Though this methodology does not attempt to
model these complex and unique individual unit
functions, it is, none the less, based upon some
higher general maximization function (problems)
such as that presented above.

The econometric end-use model assumes that the
principle driving force in KWH consumption (sales)
is some usage of current appliances, given current
prices, and expected revenues from sales of current
production (commercial and industrial). Additionally,
expected economic considerations will dictate future
levels of KWH energy consumption by changing
appliances, retrofitting old structures and changing
designs of new structures based upon life cycle cost
minimization function. Therefore, the principle
drivers in the econometric end-use model, either
explicitly or implicitly assumed, are expected:

(1) efficiency ratings of new appliances and
structures; (2) prices of electricity and sub-
stitutable fuels; (3) prices (cost) of conservation-
retrofit; (4) real income for residential units

or discounted total revenues to a firm; (5) values
of other socio-economic variables significant to
customers within the Gulf service area, and (6) the
speed in which these new technologies (improved
efficiency of appliances), retrofitted structures,
and new design structures will penetrate the Gulf

service area.
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ITI. Short Term Estimation of Customers and KWH

(a)

160186-OPC-POD-144-79

Customer Forecast

The results of both methodologies are highly
dependent upon changes in the number of customers
over time. Great effort is placed upon continuously
generating the expected number of future customers
by class, their expected consumption patterns,
and the means of adequately capturing this dynamic
and transitory evolution. This effort is initiated
at the division level by customer representatives
and marketing personnel. Detailed information is
obtained on actual and projected new construction
and expansion of existing projects by contacting
architects, engineers, developers, community
planning gréups, government permitting agencies,
local and state employment agencies, bankers,
savings and loan firms, and other financial
investment agencies, state and federal data
collection agencies, and private information
agencies. This data is then evaluated to ascertain
the expected change in customers by rate class, the
expected KWH consumption given the actual (or
expected) technical design of the structures and the
actual (or expected) efficiency of the electrical
consuming units within the structure.

The degree of reliability of this information

20
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processlvaries by both the rate class and the
length of time before the projected start of
construction. The industrial customers are
easiest to forecast due to their relétive long
planning horizons, necessitated by long term
permitting requirements, financing requirements,
and other decision making processes encountered

by large corporations. Thus, changes in the number
of customers, or more commonly changes in block
loads (additions and deletions of XKW and KWH) for
existing customers, are very reliable due to
contractual agreements and other long term
commitments. The wholesale class is also
relatively easy to forecast due to their long

term contractual obligations with this corporation.
Changes in the number of commercial and residential
customers are significantly more-difficult to
predict and the reliability of those predictions
less dependable over time. This is due primarily
to the extreme sensitivity of these sectors of

the economy to more rapid escalation of interest
rates and in the relatively short time necessary
to complete projects. Projected starts are more
easily deferred or cancelled entirely in the short
run due to local or national economic conditions.
This is less true of large multifamily units

(condominiums and high rise apartments) and large
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commercial development projects. These units
approximate the industrial class of customers due
to permitting and financial arrangements. How-
ever, the Gulf service area still has uncompleted
projects started in the condominium speculation
phase (1973-1975). Changes in the number of
customers in the street lighting class are highly
dependent upon the commercial and residential
sectors, therefore, more difficult to forecast
and of less reliability over time.

(b) KWH Forecast

1 Just as the expected number of customers by

class is dependent upon both local and national

economic conditions, the consumption of electrical

energy by customer class is also dependent upon

these same influences. The degree of reliability
in projections of KWH sales by customer class is,
however, different than the estimation of the
number of customers. Industrial customers are
much more sensitive to national and internétional
economic conditions because their products are

sold primarily outside of our service area, whereas
commercial and residential customers are much more
sensitive to local economic conditions. The large
influence of the federal government, especially the

Department of Defense components, impact all

customer classes but to different degrees.

22
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For instance, the decision by the Department
of Defense to expand or contract a major military
program in our service area affects the sale of
electrical energy directly to the military base.
Indirectly, the income change will ultimately be
reflected in the usage of electricity in the
commercial and residential markets and may even
result in migration of people. Continuing with
this example, the migration effect, if significant,
can either create a surplus or shortage of
residential units and, therefore, indirectly
decrease or increase commercial activities and
KWH sales in the local market far in excess of the
initial effect of the program change in KWH sales.

The division customer representatives
continuocusly monitor these local changes which
impact estimated KWH consumption within each rate
class. Their input starts the process of monthly
comparisons of budgeted sales to actual sales.

The company employs significant resoufces to
detect changes in consumption patterns by class and
establish causal relationships for these occurrences.
Load research projects and market research projects
are conducted on a continuing basis to determine
customer use patterns, quantities of and changes

in the usage as well as indications of saturations
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of some appliances. This extensive data base
is used for forecasting and it is also the primary
source for investigation of the causability of

deviations of actual forecast from budget forecast.

III. Detailed Discussion of Customer and KWH Forecast;

In-House End-Use Methodology

As previously indicated, customer changes are

forecast on a continuing basis by our divisional

customer representatives for each customer class and

is the starting point for our in-house end-use

methodology. The following represents a more detailed

description of this methodology.

(a)

160186-OPC-POD-144-83

Industrial Class

The industrial class comprises less than
1/10 of 1 percent of Gulf's total customers but
consumes approximately 1/4 of the energy. Within
the industrial class, approximately 90 percent of
the energy is consumed by the 34 largest customers,
even though these 34 large customers comprise only
20 percent of the industrial class. Local office
personnel contact each of the 34 industries and
discuss their power needs and employment projections
for the forecast period. Forecast data for energy
is based on the long term planning of these 34
largest industrial customers with the remaining
10 percent of energy usage (80 percent of customer
class) projected using a time trend. No additional

industrial load was included in the 1981-1985 trime
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(b
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frame unless an industry had made a definite
commitment to locate in our service area. Starting
in 1986, an increase in industrial load was forecast
in expectation of the Ellyson Industrial Park

Project.

Commercial Class

The commercial class is the most heterogeneous
grouping of our customers with specific similarities
being thie exception to the rule except for two
general classifications. A small percentage of
the customers consume a large proportion of the
total sales and a large proportion of the customers
consume small amounts of energy. In this general
respect, these groups could be considered like a
relatively small energy consuming industrial class.

Our customer representatives are highly
involved with new additions of major commercial
development projects which contribute large
block loads additions to ourvenergy sales. These
large block loads, commercial developments, which
are planned well in advance, account for approxi-
mately two-thirds of the energy growth in the
commercial sector. The amount of energy
consumption estimated for these additions is
calculated only after extensive discussion with
the developing firm and after explaining the
economic advantages to the firm in using energy

or demand conservation technology. The remaining
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(c)

(d)
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growth comes from small businesses which are
projected by historical relationship to residential
income and population growth.

Streetlighting and Wholesale Class

The forecasts for the street light and
wholesale classes are the sum of the projections
we received from the individual communities and
wholesale customers. These projections are
checked for reasonableness by comparing them
to long term trends, contract capacities, and
known changes which will occur.

Residential Class

The residential customer forecast begins
with all the job information obtained from the
survey of the industrial and commercial sectors
and the projections for growth in emp loyment
obtained from state employment agencies and
other sources. After this job information is
assembled at the local level and adjusted for
the number of persons and wage earners per
household, it is combined into our service area
residential customer forecast. This is tested
for reasonableness by comparing it to other
agencies' information and forecasts for our
ten county area, such as U.S. Department of
Commerce, University of Florida, Florida Department
of Commerce, local, state, and federal information

sources, and finally, Gulf's econometric forecast.
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The residential KWH forecast methodology
deals with a hypothetical average residential
customer as constructed using extensive load
research information, appliance saturation
surveys of customers, and anticipated changes
in consumption patterns due to conservation
measures over time. This detailed process begins
by separating historical average KWH consumption
per customer data into weather sensitive and
non-weather sensitive components.

This is done by using historical appliance
saturation information, typical usage patterns
of non-weather sensitive appliances, and
statistically estimating the weather sensitive
and non-weather sensitive components. Implicitly,
the usage of the non-weather sensitive appliances
are assumed to remain relatively constant over
each month of the year.

Once the weather sensitive component and
the non-weather sensitive component have been
separated, the latter is compared to the average
KWH residential usage for the month of April,
which is normally the least weather sensitive
month for our system. After testing these two
primary components for validity, each component
can be projected.

In order to project the weather sensitive
component, there are some factors that vary

from year to year that must be eliminated. Just
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as customer growth can be eliminated from
KWH growth by dividing KWH by the number of
customers, the factors of weather and billing
cycle length are eliminated, resulting in a
monthly factor with the dimensions of KWH/
CUST/C®HR/DAY.

For the weather sensitive component, this
leaves only two variables: (1) load growth (for
heating and air conditioning), and (2) level of
customer utilization.

With the customer utilization held constant
at the last known level, all that remains is to
forecast the growth of the heating or cooling
load. This is ‘done by determining from saturation
surveys and load reporting system the accumulated
connected heating and cooling loads and then
projecting, based on load management programs,
future heating/cooling load to be added, taking
into consideration the following:

(1) Decrease in heating and cooling requirements
caused by:

A. Smaller dwelling size

(1) Increased apartment, townhouses,
and condominiums
(2) Smaller single family residences
B. More insulation
(1) Good Cents Home Program

(2) 1Insulation Surveys of Existing Homes
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C. Improved equipment efficiency average
from present 6.8 EER to 7.5 EER by 1985.

This forecast of space conditioning is used to
project the monthly KWH/CUST/OHR/DAY factor.
When this monthly factor is multiplied by the
average %HRs and the number of billing days for
that month, the result is a weather normalized,
weather sensitive KWH/customer component of
consumption.

A similar projection is made for the non-
weather sensitive component by making projections
for the future saturation limits. Using typical
appliance consumptions that were validated based
on customers' historic usage and the number of days
in the appropriate monthly billing period, the
resulting figure is a future projection of the
non-weather sensitive, or base load KWH/customer
component.

Both the weather sensitive projection figure
and the base load projection figure are then
adjusted by year to incorporate the customers'
expected reactions to future economic conditions
(i.e., conservation).

The combined KWH/customer components for each
month of the year are then multiplied by the total
number of residential customers for each month,
and the result is the annual distribution of KWH
sales for the residential class based on normalized

weather.
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IV. Peak Hour Demand Forecast; In-House End-Use Methodology

In addition to the econometric end-use method of
forecasting peak hour demand which will be discussed
later, Gulf also utilizes an in-house end-use method
which analyzes changes in numbers of customers and
average use per customer, then converts KWH to demand
through the use of class load factors.

This method begins with KWH projections by customer
class which was discussed earlier. The next step is to
utilize actual load data gathered from a random sampling
of customers to determine annual class load factors.

The most recent development of class load shapes

was for the five-day average peak week (summer) in 1979.

The annual class load factors based on this five-day

average coincident peak are as follows:

Residential 58.54%
Commercial 51.547
Industrial 79.68%
Wholesale 55.08%

These annual load factors were assumed to remain
cbnstant throughout the forecast period with the exception
of the commercial group which was projected to increase
by two percentage points over the ten year period because
of the potential for load management.

The annual system peak demand was then determined
by applying the forecasted annual energy by class to the
class load factors and summing the class contributions to

system peak demand. This sum must be further expanded to
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account for the diversity inherent between the one-hour
peak and a five-day average peak. The factor used for
this was 1.17, which is consistent with historical
relationships. This total must be further expanded

by a factor of 1.02 to allow for expected variations
from normal weather.

A sample of this process can be seen in Exhibit
#MD-1, which shows the calculation for the summer peak
in 1981.

The winter system peak was projected by utilizing
the historical linear relationship between the one;hour
winter system peak and the highest monthly territorial

energy supply for the winter season.

V. Econometric End Use Model

(a) An econcmetric model is a mathmetical formulation
which relates a dependent variable such as KWwH
sales to expected and reasonable casual socio-
economic variables. Though exact relationships
between XKWH consumption and socio-~economic variakles
will in all probability not be discovered due to
continuously changing stimuli, close approximations
of these relationships can be estiméted and used
to predict future consumption patterns under
different socio-economic scenarios.

The model combines end-use appliances and
residential modules given certain socio-economic

information. The econometric technique is used to
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develop end-use equations for the formulation of
residential units and the expected appliance
saturation of these residences. The econometric
model then determines the expected usage rates of
this dynamic changing stock of end-use items for
different socio-economic conditions over time.

The econometric models, which are continuously
being revised and enhanced over time, were jointly
developed by Data Resources Inc. (DRI), the Load
Forecasting Section of Southern Company Services,
Inc., and Gulf Power Company. Of major importance
in any regional forecast is the expected National
Economic Forecast, which begins the forecasting
sequence through exogeneous inputs to the service
area's regional economic model.

DRI's model of the U.S. economy is one of
several nationally accepted models using quarterly
equation systems that describe and endogenously
produce measurable facets of the national economy.
DRI's models produce both short and long term
forecasts under several different groups of
assumptions and their output (projections) by
quarter are used by DRI's clients to test the
impact of their own assumptions on the national
economic outlook, and by DRI's clients, such as
Gulf, as exogeneous inputs into their own

regional systems.
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The Gulf econometric end-use model begins
with inputs from DRI's naticnal forecast which
drives the service area economic model to produce
input into the energy modules, which in turn
produces energy forecasts by customer class. The
energy forecasts by class are used in the peak
demand model to produce the peak demand forecast.
An electric energy price projection, along with
other socio-economic variables unique to the Gulf
service area and a préjection of losses from
supply to sales is also incorporated in these models.

The major link between Gulf's service area
economic model and the national economy is the
employment sector. Factors such as tax rates,
environmental regulations, transportation
facilities, wage rates, etc., that influence an
industry's decision to locate or expand in our
service area as opposed to elsewhere are used to
capture employment opportunities.. Other segments
of the economy, such as population, income, prices,
etc., interact with, and in turn are interacted
by, the employment sector to produce a consistent
economic scenario.

(b} Energy and Customers

Variables forecast within the economic
modules are classified as to how they affect the
customer classes: residential, commercial,

industrial, wholesale,. and street lighting.
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The residential portion of the energy model
contains sub-models which are driven by the fore-
cast of customers, appliance saturation, and usage
ber customer to generate total residential KWH
sales.

Customers are forecast as a function of
population 21 years of age and older (the assumed
household forming age group) and a two year weighted
average of real per capita ihcome. Real income is
used as the proxy for the ability to form
residential units and to purchase the stock of
residential appliances.

Usage per customer is a function of the
stock of appiiances owned by the average customer,
the price of electricity and other competitive
fuels, and real income.

The commercial portion of the energy model is
principally a function of population, commercial
employment, price of electricity, competitive
fuels and weather. Here commercial employment
tracks the growth of commercial activity while
price measures the incentives for conservation.

The industrial portion of the energy model is
divided into four sub-models:

1. Chemicals
2. Paper
3. Other Manufacturing

4. Non-Manufacturing

34
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(c)
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Each of these energy sub-models is a function
of local production, price of electricity and
competitive fuels, and pollution control equipment.
.The wholesale portion is a function of the
sales of commercial and residential energy, since
the REA Cooperatives do not currently have significant

industrial loads.

Peak Hour Demand

Three steps are required to develop this
model. First, historical peaks are normalized
for weather. Second, the normalized peaks are
sepafated into the compoﬁents of demand associated
with each class of customer. Finally, equations
are developed for each customer class.

The historical weather normalized peaks are
determined by developing for each year an equation
for hourly demand as a function of weather
variation. Then, typical peak day weather
conditions are used to compute the normalized
peak.

These normalized peaks are separated into

residential/commercial, industrial, and wholesale

compeonents by historical load development studies.
With the exception of the residential/ §

commercial class, the demand contribution is a N

function of energy sales to that class only,

i.e., a load factor model. Residential/commercial
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CHAPTER III

FORECAST OF FACILITIES

REQUIREMENTS
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AVAILABILITY OF PURCHASED POWER

Gulf Power Company coordinates its planning and operation
with the other operating companies of the Southern electric
system: Alabama Power Company, Georgia Power Company, and
Mississippi Power Company. In any year an individual operating

company may have a temporary surplus or deficit in generating

capacity, depending on the relationship of its planned generating

capacity to its load and reserve responsibility. Each company

buys or sells its temporary deficit or surplus capacity from or

to the pool. This is done through the mechanism of an Inter-

company Interchange Contract among the companies which is re-

viewed and updated annually.
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