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A econometric model of the energy sector in Florida can provide decision
makers with a framework for evaluating past developments and formulating future
energy policies. This project took the first steps towards constructing a
comprehensive model for Florida. We then use the model to generate forecasts
of energy consumption by sector and fuel type for 1991, 1996 and 2006. Both
final energy consumption and total (primary) energy consumption are calculated,
where the latter includes the energy that went into the production of electricity
but which does not reach the final consumer due to generation and line losses.

The key features of the individual sector models draw upon economics and
statistics:

1) They incorporate energy economizing behavior (conservation) by economic
agents in response to energy price increases. The forecasts assume that
the degree of price responsiveness in the past will also hold in the
future.

2) The models also incorporate interfue1 substitution by economic agents
in response to changes in the price- of one energy source relative to
the prices of alternate energy sources.
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A key advantage of economic modeling over the simple extrapolation of
historical trends is that underlying substitution possibilities -may not
be captured in trends. Of course, price controls and energy regulations
have also affected past consumption - - which limits the inferences which
can be drawn from our models.

3) Finally, the models emphasize that the scale of Florida's economy is
a key determinant of aggregate energy consumption. The scale factors
determining consumption levels are households (for the residential
sector), employment (for the· commerci"aL. sector), both output and
employment (for the industrial sector), and output (for the
transportation sector). Forecasts of these variables are key
determinants of levels of final energy consumption. Similarly, total
electricity consumption drives the demand for primary inputs in the
electricity production process.

Thus, the sector models utilize fundamental statistical and economic concepts.
After the introductory section, Section 2 describes the data used in this
modeling effort, including past patterns of energy consumption. This historical
summary is followed by forecasts of the price and scale variables so important
to this study (Section 3). The next two sections consider two cuts at the data:
forecasts by sector and forecasts by energy type, including electricity. After
the energy-using sectors are discussed, levels and shares of final consumption
are forecast. under alternative scenarios - - depending on whether oil prices and
household growth are high or low relative to the base case. The low oil price
scenario also corresponds to a high economic growth rate - - so the outcomes
reflect another scale factor. Fuel usage within the electric sector is forecast
in Section 7, followed by a discussion of total energy consumption (primary
fuels) in Section 8. Part II of the Report describes the specific models used
to make the forecasts, as well as alternative specifications. The residential,
commercial, industrial, and transportation consuming sectors and the electric
utility producing sector are discussed in Sections 9 through 13.

Final BTU consumption grew at an annual rate of 2.8% between 1971 and 1986
(the sample period). We forecast that the annual growth rate will be 3.7% in
the short-run (1986 - 1991). Over the short-term, the scale variables are
expected to experience slower growth than over the sample period; on the other
hand, real energy prices are expected to decline. The first effect will lead to
a slowdown in the growth rate of energy consumption (relative to sample period
growth rates) while the second effect will tend to boost consumption growth. The
prediction based on our model is that the second effect will outweigh the first.

~~tween 1991 and 1996, dampened growth and rising energy prices lead to
a 2.3 p~rcent annual growth rate, with the annual rate for 1996-2006 projected
to be 1(~ percent. The key findings for our base case (medium household growth
and medftun oil price) are presented in Figures E. 1 - E. 4. They can be summarized
as follows:

1) The share of the different fuels is expected to remain fairly stable
until 1991; electricity's share increases slightly at the expense of
petroleum and natural gas. By and large, this pattern continues in the
long run; the only difference is that we expec-t that renewables will
become more important by 2006, rising to 7. 7 percent of total final
energy consumption--up from 6.1 percent in 1986.
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2) In terms of growth rates, we expect that the growth of electricity
consumption will be about 5% a year until 1991, which is roughly what
it was over the sample period. This rate is forecast to decline to 3.7
percent for 1991-1996, and 2.1 percent thereafter. Nevertheless, the
share of electricity is forecast to increase from 22.1 to 28.5 percent
of final energy consumption (where the share in 1971 was 16 percent).
Because natural gas prices were controlled for most of the period, our
historical price and consumption data reflect a disequilibrium
situation. Thus, one must be skeptical of the forecast decl~es in
residential and industrial natural gas consumption. :';:.~ The
substitutability of natural gas for electricity warrants ~urther

analysis, since the forecast of low natural gas growth is.i,tartly
responsible for the relatively high electricity consumption forecasts.

3) Driven by strong" output growth in transportation and declining prices
in the short-term, petroleum use will grow faster than it did over the
sample period. However, beyond 1996 the growth rate for petroleum in
final energy consumption is forecast to be .4 percent annually,
reflecting continued improved mi1es-per-gal1on in response to higher
petroleum prices.

4) With the exception of renewables, the use of all fuels grows modestly
after 1991. No new nuclear generation for electrict"ty is forecast,

"although national concerns over acid rain and/or the "Greenhouse effect"
could alter public opinion- -leading to the exercise of this option.
Note that while interstate purchases accounted for 4 percent of
electricity inputs in 1986 (measured in BTUs) , they comprised about 11
percent of KWH consumed. These purchases of "coal by wire" are expected
to continue to be this important through 1996 with its share declining
slowly thereafter.

5) Coal use "expanded at a phenomenona1 rate over the sample period, but
we predict only modest growth over the forecast period. Due to very
limited data availability, we were not able to model coal use in the
industrial sector satisfactorily; hence, our forecast of coal use must
be considered very tentative. Although coal consumption in electricity
production grew at 9.1 percent per year between 1971 and 1986, it is
projected to grow at 6.8 percent per year between 1986 and 1991. As
an input for electricity production, it is forecast to grow at a annual
rate of 1.8 percent from 1991-1996 and to experience an annual decline
of 1.3 percent for the 1991-2006 period.

6) Natural Gas for final consumption declined at an annual rate of 1.2
percent between 1971-1986. It is forecast to increase overall at a 2.0
percent rate in the short term,andatarate of 1. 3percent .. after 1991,
primarily due to demand in the commercial sector. In addition, its
utilization in electricity generation is forecast to grow dramatically,
at an annual rate of 4.5 percent from 1986-1991, 10.3 percent from 1991
1996, and 6.7 percent from 1996-2006. Part of this growth could be
interpreted as due to cogeneration. The growth of natural gas
consumption cannot occur without additional pipeline transmission
capacity. Thus, if regulatory authorities' do not permit such
investments., the other fossil fuels will take up the slack electricity
inputs.
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We also present forecasts of final energy consumption under four other oil price
and household growth scenarios:

The electric utilities sector is both a consumer of primary energy and
supplier of final energy. This leads to some complex interrelationships which
we have attempted to incorporate into our model. For example, natural gas is
an input in the production of electricity, but natural gas also competes with
electricity for some residential and other applications. Our model of final
energy consumption takes inter-fuel substitution into account in residential
energy consumption, but as was noted earlier, data problems plague the natural
gas sector models.

Many methodological issues warrant additional attention. The comprehensive
nature of the modeling effort is also a source of potential problems. Further
disaggregation could reveal other patterns, yielding more precise scale and price
elasticities. Alternative specifications of key relationships could yield
improved forecasts. Clearly, there are a number of sectors where additional
analysis is called for: the Iron Law of Research is that answers beget
questions. Another limitation of the present effort is the number of historical
observations which could be utilized. We do not go back earlier because of the
structural changes in the state's economy, including, shifts in output
composition, demographic developments, and technological changes.

Although other groups have examined specific sectors in more detail than
we have, we are unaware of any other effort which attempts to incorporate
interfuel substitution in a relatively complete way. Similarly,
sectoral-specific responses to overall economic activity and population growth
are emphasized in our model. Because of the comprehensive nature of the GEO
sponsored project, the model serves as a good foundation for further empirical
work.
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Figure E.l Florida Final Energy Consumption by Sector and Fuel-Type
(trillion BTU)
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Figure E.2 Florida Electricity Inputs
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FIGURE E.3
ANNUAL GROWTH RATES OF ENERGY CONSUMPTION BY SECTOR AND FUEL-TYPE

(1971-1986) 1986-1991
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FIGURE E.4
ANNUAL GROWTH RATES OF ENERGY CONSUMPTION BY SECTOR AND FUEL-TYPE

(1991-1996) 1996-2006
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PART I: OVERVIEW

1. Introduction

Florida's population is proj ected to -increase from about 11 million to
nearly 18 million by the year 2020. There has been much discussion within the
state on estimating future infrastructural needs. However, the estimation of
future energy requirements has not received the attention it deserves .c.~rhaps
this is due to the fact that energy prices, particularly oil prices, have" been
falling over the last few years. However, there is still a significant::t~~~reat

of higher energy prices in the future due to potential supply disruptions such
as those of 1974-75 and 1979-80. Informed energy policy can mitigate the adverse
impacts of such disruptions on state economic growth. A statistical model of the
energy sector in Florida would provide decision makers with a basis for
formulating appropriate energy policies and programs. In this report, we have
undertaken the first steps in constructing such a model. We then use the model
to generate forecas.ts of energy consumption by sector and fuel type for 1991,
1996 and 2006. Both final energy consumption and total (primary) energy
consumption arecalcul.ated, where the latter includes the energy that went into
the production e>felectricity but does not reach the final consUmer due to
generation and line losses.

The forecasting method employed is econometric modeling, which combines
techniques drawn from economic theory and statistical inference theory. Energy
is used by both households and firms. Economic theory suggests that consumption
of an energy source by cost-minimizing households depends on their income, the
price of the energy source, the price of substitute energy sources and the price
of other goods. The use of an energy so~rce by profit-maximizing firms is related
to their production levels, the price of the energy source relative to other
energy sources that can be used in the production process and the prices of other
inputs used· by the firms. These theoretical considerations are embedded in a
statistical model which is estimated using historical data on consumption, prices
and scale variables (such as population and economic activity). Finally,
forecasts of future consumption are generated from projected values of prices
and other variables.

Hence, the-key features of the sector model are the following:

1) They incorporate energy economizing behavior (conservation) by economic
agents in response to price increases.

Thepublic>response to the energy disruptions of 1973 and 1979 clearly
indicates that conservation must be an important feature of any model
of energy consumption. For example, a survey conducted for the New York
State Department of TransPQrtation detailed the variety of ways in which
consumers reacted to the supply disruption of 1979. Conservation was
achieved through purchase of more fuel-efficient vehicles, car-pooling,
more frequent tune-ups, by shopping closer to home, by shopping on the
way home form work and so on. All in all, the gasoline price increases
produced a saving of 6% of normal consumption in the first three
quarters of 1979.
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2) The models also incorporate interfuel substitution by economic agents
in response to changes in the price of one energy source relative to
the prices of alternate energy sources.

A key advantage of economic modeling over the simple extrapolation of
historical trends is that underlying substitution possibilities may not
be captured in the latter. Relative price changes among petroleum,
coal, and natural gas have affected the mix of fossil fuel use in
Florida and in the nation. Models can identify the extent of
substitution, and use the relationship to incorporate projected price
changes into our forecasts of energy mix. Of course, price controls
and energy regulations have also. affected past consumption - - which
limits the inferences wh~ch can be drawn from our models.

3) Finally, the models emphasize that the scale of Florida's economy 
measured by population, output or employment - is a key determinant of
ag.gregateenergy consumption.

This third feature of the modeling approach implies a top-down structure
to the forecasts. . Individual final consuming sectors are seen as
utilizing energy. The scale factors determining consumption levels are
households (for the residential sector), employment (for the commercial
sec:;tor), both output and employment (for the industrial sector), and
output (for the transportation sector). Forecasts of these variables
are key determinants of levels of final energy consumption. Similarly,
total electricity consumption drives the demand for primary inputs in
the electricity production process. Primary fuels or delivered energy
(both measured in BTUs) can sen-e as indicators of energy utilization.

Thus, . the sector models utilize fundamental statistical and economic
concepts. We left a detailed discussion of individual sectors until Part II of
this Report. The specific functional forms and coefficients estimated from the
historical data are discussed then. Section 2 describes the data used in this
modeling effort, including past patterns of energy consumption. This historical
summary is followed by forecasts of the price and scale variables so important
to this study (Section 3). The next two sections consider two cuts at the data:
forecasts by sector and forecasts by energy type, including electricity. After
the energy-using sectors are discussed, levels and shares of final consumption
are forecast under alternative scenarios -- depending on whether oil prices and
househ~d growth are high or low relative to the base case. The low oil price
scenar~ also corresponds to a high economic growth rate - - so the outcomes
ref1ect:another scale factor.

"';;'f..

We-cdistinguish total consumption from final consumption, in that the latter
takes a BTU-equivalent for determining final electricity consumption. However,
the BTU-content of the primary fuels used to produce the electricity is greater
than final consumption due to generation, transmission and distribution losses.
These losses account for about two- thirds of the primary inputs, so final
consumption by residential, commercial and indus trial demanders is less than
total consumption -- which includes losses within the electric utility sector
(an intermediate sector). Fuel usage within the electric sector is forecast in
Section 7, followed by a discussion of total energy consumption (primary fuels)
in Section 8 .
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Part II of the Report describes the specific models used to make the
forecasts, as well as alternative specifications. The residential, commercial,
industrial, and transportation consuming sectors and the electric utility
producing sector are discussed in Sections 9 through 13. We hope that the
analyses serve as foundations for further studies. In our models, the main
determinants of future consumption involve price and scale variables. Past
consumption responses to changes in these factors are captured in our models
which are used to forecast future levels and patterns of consumption. However,
we are more confident about the short-term forecasts of these variables than the
long termforecasts.;~~

Note that the forecasts do not incorporate major changes in policies~~which

are - - by definition - - relatively unpredictable. We have taken the"i!\:Jolicy
environment to be relatively unconstraining and unchanging. An example of one
change would be large subsidies for solar or other renewables which would affect
future patterns of energy use. Similarly, encouragement of nuclear energy (in
response to concerns over the greenhouse effect or acid rain) would alter
electricity input patterns in the last part of the forecast. Mandated automobile
fuel efficiency standards which took miles per gallon up to the 50 or 60 range
on average would be another example of a policy change.

Such policy discontinuities would have minimal impact in the next few years,
even if the changes occurred today. Lessons from history suggest that
incremental impacts are most realistic. Dramatic changes (like the first and
second OPEC shocks) are rare, and basically unpredictable. Likewise, new energy
taxes, early applications of superconductivity or other dramatic developments
(like a depression or multiperiod boom) would alter the premises on which these
forecasts are based, but such developments are not analyzed here.

There is one prediction in which we have great confi~ence: Improved energy
forecasts will be made within two years. The improvements will not be due to
two additional data points for each series - - although this helps. Rather,
improvements will come about because now there are models and associated
forecasts which can be refined. If history is any guide, our particular
forecasts will be forgotten within ten years. However, we hope that they serve
as a foundation for improved modeling efforts by both public and private groups.

2. Description of the Data

We begin by briefly describing the main features of the data set supplied
to us by. the Governor' sEnergy Office. The data set consisted of energy
consumption and energy price data for five sectors and six energy sources (fuel
types) for the period 1970 to 1986. We will refer to this period as the sample
period.

In Table 2.1 we show the distribution of energy consumption by sector in
1970 and 1986. (Tables are attached at the end of each section.) The
transportation sector accounts for nearly 55% of total energy consumption. Also,
the share of the residential, commercial and transportation sectors has increased
over the sample period at the expense of the industrial sector.
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In Table 2.2 we identify the important energy sources for each sector. The
residential and commercial sectors rely largely on electricity. The
transportation sector largely uses petroleum, most of which is gasoline
consumption. The industrial sector and the electric utilities, on the other hand,
use a wide variety of energy sources.

Table 2.3 combines the information provided in the two earlier tables. Each
cell of this table shows how important that cell is in total energy consumption.
For instance, petroleum consumption in the transportation sector accounts for
55% of total consumption in Florida. The second largest cell is residential
consumption of electricity, which accounts for 11% of the total.

In the statistical model, described in detail .in Part II of this report,
the data on energy consumption are used as the dependent variables. Energy prices
and various scale variables are used as exogenous variables. The data for the
scale variables - population, output and employment - were gathered by us from
various sources. The derivations are discussed in the Appendices.
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Table 2.1 Share of Final Energy Consumption by Sector for 1970 and 1986

Year Total Shares(%)
Consumption

Res Comm Ind Trans

1970 1123.78 12.5 9.7 27.7 50.1

1986 1800.37 13.2 12.2 20.1 54.5

Table 2.2 Shares by Fuel Type of Final Energy Consumption: Sectoral Shares,
1986

Fuel Type Res Comm Ind Tran Total

Natural Gas 6.1 16.9 18.7 6.6
Coal 5.3 1.1
Petroleum 10.8 16.9 30.5 100.0 64.1
Electricity 83.2 66.2 15.0 22.1
Renewables 30.5 6.1

Total 100.0 100.0 100.0 100.0 100.0

Table 2.3 Sectoral Shares of Final Energy Consumption: Fuel Type, 1986

Fuel Type Res Comm Ind

Natural Gas 0.8 2.1 3.8
Coal 1.1
Petroleum 1.4 2.1 6.1
Electricity 11.0 8.1 3.0
Renewables 6.1

Total 13.2 12.2 20.1

15

Tran

54.5

54.5

Total

6.6
1.1

64.1
22.1
6.1

100.0



3. Forecasts of Exogenous Variables

The construction of the statistical model was only the first of our two
major tasks. The second was to use the model to generate forecasts of energy
consumption for 1991, 1996 and 2006. Therefore we had to generate forecasts of
the exogenous variables, prices and the scale variables. We will refer to the
period 1986 to 2006 as the forecast period, with 1986 to 1991 being the short
run forecast period. Also, the periods 1991 to 1996 and 1996 to 2006 will be
referred to as the medium-term and long-term forecast periods, respectively.

There are three maj or sources of the forecasts used in this report.
Forecasts of household growth for Florida were developed by Dr. Stanley Smith,
Director of the Population Program at the Bureau of Economic and .Business
Research (BEBR) at the University of Florida. The methodology used to make
household projections builds on the procedure used by the U.S. Bureau of the
Census to make national household projections (e. g., Current Population Reports,
Series P-25, Number 986, May 1986). The methodology is discussed in detail in
Appendix A.

Number of households is used as the scale variable in the res idential
sector. Over the sample period the number of households grew at abo'ut 4% a year.
Dr. Smith concludes that, over the forecast period the rate of growth will be
about 2% a year.

Proj ections of gross state product and employment by sector were de~eioped
by Dr. Carol Taylor West, Director of the Forecasting Program at BEBR. These
projections are based on the BEBR's annual econometric model developed for long
run forecasting of the Florida economy. The methodology is described in Appendix
B. Employment is used as the scale variable in the commercial and industrial
sectors, and output is used in the industrial and transportation sectors. As with
household growth, Dr. Taylor West forecasts a slowdown in employment and output
growth over the next twenty years.

The main source of price forecasts was the Energy Information
Administration (EIA) document entitled Annual Energy Outlook 1987 With
Projections to 2000. In Part I of the report, the price forecasts that are used
correspond to what the EIA considers its B.ase Case. In Section 6 of the report
we show how our energy consumption forecasts would be altered if we were to use
the two alternate scenarios considered by the EIA. The historical data and
forecasts of exogenous variables are listed in Appendix C.

We""made two adjustments to the EIA forecasts. The EIA forecasts use 1987
as the blise year; we changed this to 1985. Also, the EIA forecasts end in 2000.
We extrapolated these forecasts to 2006 by assuming the forecasted annual growth
for the':Deriod 1990 to 2000 would continue to hold for the period 2001 to 2006 .

.\";~

The EIA forecasts that, on average, real primary energy prices will decline
by over 4% a year in the short-run (1987 to 1991) and then increase by 3.6% a
year thereafter. Real electricity prices are forecast to decline at an annual
rate of 2.3% up to 1991 and remain essentially unchanged thereafter. Forecasts
by Florida utilities are roughly in line with EIA national forecasts.
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4. Forecasts by Sector: Energy-Using Sectors

All Energy-Using Sectors

Table 4.1 gives our forecasts for final BTU consumption and the breakdown
by the four energy-using sectors for 1991, 1996 and 2006. Table 4.2 provides
the forecasts for sectoral shares. Over the sample period, the share of the
industrial sector declined while the share of the other three sectors incieased.
As shown in Table 4.2, we forecast that this trend will continue in the:;;short
run. Between 1991 and 1996 we do not expect major changes in sectoral ~ares.

Beyond 1996, we expect the transportation sector's share to fall.

It will be easier to evaluate our forecasts by looking at growth rates,
rather than levels or shares. This information is given in TAble 4.3. Final
BTU consumption grew at an annual rate of 2.8% over the sample period. We
forecast that the annual growth rate will be 3.7% in the short-run (see Table
4.3). It is fairly easy to explain the major influences behind this forecast.
Recall that, in the short-run, the scale variables are expected to experience
slower growth than over the sample period; on the other hand, real energy prices
are expected to decline. The first effect will lead to a slowdown in the growth
rate of energy consumption (relative to sample period growth rates) while the
second effect will tend to boost consumption growth. The prediction based on our
mode1·is·that the second effect will outweigh the first.

Over the medium- and long-term, the growth of scale variables is expected
to slow down further while the prices of primary energy sources are expected to
rise. Both these factors lead to a forecast of extremely modest energy
consumption growth between 1991· and 2006, "as shown in the same table.

Next, we provide a broad-brush discussion of the forecasts of each of the
sectors.

Residential Sector

The Residential Sector, consisting of private households, consumes around
13 percent of final energy in Florida. Space heating and cooling, water heating,
cooking, lighting and clothes drying are the main applications of energy. As
we shall see in later sections, the share of residential energy consumption
accounted for by electricity is 80 percent and growing. For now, it suffices
to note that although the share of final energy is small relative to other
sectors, residential consumption raises important issues for policy-makers.

Over the sample period, residential energy consumption grew at an annual
rate of 3.2%.·· Weforecas t this rate to increase to 4.3% in the .short-run but then
fall to 2.0% and 1.4% over the medium-term and long-term respectively. Household
growth in Florida was about 4.3% a year over the sample period. It is expected
to slow down significantly over the next twenty years. By itself, this factor
would reduce the growth of energy consumption. However, in the short-run, this
dampening effect is countered by the forecasted decline in real energy prices.
Particularly important is the forecasted 2% annual decline in real electricity
prices until 1991 (Table 4.4).
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Commercial Sector

The commercial sector is of considerable importance in Florida. All non
manufacturing business establishments are included in this sector: motels,
restaurants, wholesale business, retail stores, laundries and other service
enterprises, the construction industry, finance, insurance and real estate
businesses, plus federal, state and local governments. Given the demographics
of the state and the role of tourism, this sector consumes nearly as much energy
as does the residential sector.

We forecast that consumption growth will be about 4.2% a year in the short
term, which is only a little bit lower than the annual growth during the sample
period. The reason is that we expect only a modest slow down in the scale
variable - commercial employment growth - and a small change in the real prices
of electricity and natural gas (Table 4.5).

Industrial Sector

The Industrial Sector includes agriculture, mining, and manufacturing, plus
fishing and forestry. The growth rate of industrial energy consumption is
historically less than the other sectors. Although its share of final energy
has fallen since 1971 to about 20 percent, it is forecast to remain a relatively
stable 18 percent of final energy through 2006. So its role in final consumption
remains significant.

In terms of growth rates, we predict energy consumption in this sector to
grow faster than it has over the sample period. As we discuss in Part II of the
report, we had to use three scale variables in this sector. One of these
variables, industrial employment, is negatively correlated with electricity
consumption (perhaps reflecting substitution between labor and energy inputs).
Since industrial employment is expected to grow much slower over the forecast
period than over the sample period, this leads to an increase in the forecasted
growth rate of energy consumption (Table 4.6).

Transportation Sector

The Transportation Sector is composed of those establishments moving people
and commodities. In addition, gasoline consumption by private automobiles is
included in this category -- comprising about 70 percent of the total for this
sector ~:,:,;,:,Vesse1 bunkering, marine uses and natural gas pipeline transmission also
require-energy and thus are included in the Transportation Sector.

~~r the sample period, final energy consumption in this sector grew at
a rate of 3.3% a year. We forecast that this rate will increase to about 4% in
the short-term, but then fall to 2.4% and 0.7% over the medium- and long-term.
This pattern is driven largely by the forecasted pattern of transportation output
growth; we expect output growth to be 3.5% a year in the short-term and then fall
to 2.3% and 1.2% in the subsequent periods (Table 4.7).
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Table 4.1 Final Energy Consumption by Sector
(Trillion BTU)

Year Total Res Comm Indu Tran

1971 1178.5 146.8 113.9 321.7 596.1
1986 1800.4 237.2 220.1 361.9 981.1

1991
1996

2163.7
2425.6

293.4
324.5

271.5
304.7

396.5 1202.3
439.2 1357.3

2006 2669.4 371.7 357.6 492.9 1447.1

Table 4.2 Sectoral Share of Final Energy Consumption

Year Total Res Comm Indu Tran

1971 1178.5 12.5 9.7 27.3 50.6
1986 1800.4 13.2 12.2 20.1 54.5

19

Table 4.3 Annual Sectoral Growth Rates of Final Energy Consumption

Period Total Res Comm Indu Tran

1971-1986 2.8 3.2 4.4 0.8 3.3

1986-1991 3.7 4.3 4.2 1.8 4.1
/

1991-1996 2.3 2.0 2.3 2.0 2.4

1996-2006 1.0 1.4 1.6 1.2 0.7

55.6
56.0

54.2

18.3
18.1

18.513.4

12.5
12.6

13.9

13.6
13.4

2163.7
2425.6

2669.42006

1991
1996



Table 4.4 Annual Growth Rate of Residential Sector

Scale Variable
Period Consumption (Households) Price Index

1971-1986 3.2 4.3 3.1

1986-1991 4.3 3.1 -1.7

1991-1996 2.0 2.1 0.3

1996-2006 1.4 1.7 1.0

Table 4.5 Annual Growth Rate of Commercial Sector

Scale Variable
Period Consumption (Employment) Price Index

1971-1986 4.4 6.2 2.0

1986-1991 4.2 4.6 2.0

1991-1996 2.3 2.6 1.6

1996-2006 1.6 2.5 1.4

Table 4.6 Annual Growth Rate of Industrial Sector

Scale Variable
Period Consumption YI IEMP WOOD

1971-1986 0.8 4.9 3.7 2.4

1986-1991 1.8 3.3 0.6 2.6

1991-1996 2.0 4.0 1.8 2.9

1996-2006 1.2 2.0 1.4 1.6

Price
(Petroleum)

3.0

6.8

4.6

4.5

Notes YI - industrial output
IEMP - industrial employment
WOOD - output in lumber, wood products and pulp and paper

industries
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Table 4.7 Annual Growth Rate of Transportation Sector

Scale Variable Price
Period Consumption (Output) (Motor Gas)

1971-1986 3.3 3.0 -0.9

1986-1991 4.1 3.5 4.2

1991-1996 2.4 2.3 3.6

1996-2006 0.7 1.2 3.5

Notes: Sources for historical data

1. Energy consumption and prices: GEO
2. Scale variables: Florida Statistical Abstract, various issues
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5. Forecasts by Energy T~e: Energy-Using Sectors

This section provides a breakdown of the forecasts by final energy type,
including electricity. The forecasts are given in Tables 5.1 to 5.3. Although
the tables reveal many interesting patterns, the key findings can be summarized
as follows:

1) The share of the different fuels is expected to remain fairly stable
until 1991; electricity's share increases slightly at the expense of
petroleum and natural gas. By and large, this pattern continues in the
long run; the only difference is that we expect that renewables will
become more important by 2006.

2) In terms of growth rates, we expect that the growth of electricity
consumption be about 5% a year until 1991, which is roughly what it
was over the sample period. Driven by strong output growth in
transportation and declining prices in the short-run, petroleum use
will grow faster than it did over the sample period.

3) With the exception of renewables, the use of all fuels grows modestly
after 1991; the reasons for this slowdown were discussed in the earlier
section.

4) Coal use expanded at a phenomenonal rate over the sample period, but
we 'predict only modest growth over the forecast period. Due to very
limited data availability, we were not able to model coal use in the
industrial sector satisfactorily; hence, our forecast of coal use must
be considered very tentative.

5) The growth of natural gas consumption cannot occur without additional
pipeline transmission capacity. Thus, if regulatory authorities do not
permit such investments, the demand for other fuels will take up the
slack.
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Table 5.1 Final Energy Consumption for Five Energy Types

Year Total NG CL PT ES RN

1971 1178.5 142.6 0.0 783.3 188.6 64.0
1986 1800.4 119.2 19.2 1154.3 397.3 110.4

-----------------------------------------------------------
1991 2163.7 131.9 21.3 1372.8 512.0 125.7
1996 2425.6 123.5 22.9 1509.5 615.9 153.9

2006 2669.4 108.8 26.1 1568.2 761.4 204.9

Table 5.2 Annual Growth Rates of Final Energy Consumption by Energy Types

Period Total NG CL PT ES RN

1971~1986 2.8 -1.2 33.5 2.6 5.0 3.6

1986-1991 3.7 2.0 2.1 3.5 5.1 2.6

1991-1996 2.3 -1.3 1.4 1.9 3.7 4.0

1996-2006 1.0 -1.3 1.3 0.4 2.1 2.9

Table 5.3 Share of Energy Consumption for Five Energy Types

Year Total NG CL PT ES RN

1971 1178.5 12.1 0.0 66.5 16.0 5.4
1986 1800.4 6.6 1.1 64.1 22.1 6.1

1991
1996

2006

2163.7
2425.6

2669.4

6.1
5.1

4.1

1.0 63.4
0.9 62.2

1.0 58.7

23.7
25.4

28.5

5.8
6.3

7.7

Notes: Source for historical data

1. Energy co~sumption and prices: GEO
2. Scale variables: Florida Statistical Abstract, various issues
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6. Forecasts under Alternative Scenarios

In the forecasts discussed above, we used the EIA's Base Case forecasts
and Dr. Smith's "medium" household forecast. In addition to the Base Case, the
EIA provides forecasts under two alternate scenarios : (1) Low World Oil Price
(2) High World Oil Price. The price scenarios also involve different economic
growth rates, with the low world oil price corresponding to a higher growth rate.
Also, we have two alternative forecasts of household growth. Combining these
alternatives, we present forecasts of final energy consumption under the
following four scenarios:

(1) Medium Household Growth and Low Oil Price Case

(2) Medium Household Growth and High Oil Price Case

(3) Low Household Growth and Base Case (Medium Price Case)

(4) High Household Growth and Base Case (Medium Price Case)

The forecast for the level of final BTU consumption under the alternate
scenarios is given in Table 6.1; the forecast for growth rates is given in Table
6.2. (Foreca.sts for all other series under alternate scenarios are contained on
a diskette provided to the Governor's Energy office.)
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Table 6.1 Final Energy Consumption: Five Scenarios
(Trillion BTU)

Year MM LM HM ML MH

1971 1178.4 1178.4 1178.4 1178.4 1178.4
1986 1800.4 1800.4 1800.4 1800.4 1800.4

1991
1996

2006

2163.7
2425.6

2669.3

2202.2
2479.7

2741.5

2137.4
2375.9

2573.6

2152.4
2389.4

2579.5

2177.9
2465.7

2770.8

MM medium oil price, medium # of households

LM10w oil price, medium /1 of households

HM high oil price, medium # of households

ML medium oil price, low # of households

MH : medium oil price, high # of households

Table 6.2 Annual Growth Rates of Final Energy Consumption: Five Scenarios

Period

1971-1986

1986-1991

1991-1996

1996-2006

MM LM HM ML MH

2.8 2.8 2.8 2.8 2.8

3.7 4.0 3.4 3.6 3.8

2.3 2.4 2.1 2.1 2.5

1.0 1.0 0.8 0.8 1.2

Notes: Sourc.es for historical data

1. Energy consumption and prices: GEO
2. Scale variables: Florida Statistical Abstract, various issues
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7. Electric Sector Fuel Usage

The electric utilities sector is both a consumer of primary energy and
supplier of final energy. This leads to some complex interrelationships which
we have attempted to incorporate into our model. For example, natural gas is
an input in the production of electricity, but natural gas also competes with
electricity for some residential and other ·applications. Our model of final
energy consumption takes inter-fuel substitution into account in residential
energy consumption (see Section 4). Here, we report primary energy devoted to
the production of electricity ..

The first step is to relate the final electricity consumption (measured in
BTU's and presented in Table 4.1) to primary inputs used in electricity
production. Table 7.0 shows the historical and forecasted growth of primary
inputs used in electricity production and the growth of final consumption.
During the sample period, inputs grew at an average annual rate of 3.94 percent,
while output (final demand) grew more rapidly 4.97 percent. Primary inputs grew
less rapidly than final consumption due to improvements in efficiency (reduced
transmission losses and higher heat rates) and changes in the generation mix
(shift to nuclear and interstate purchases). A similar pattern is projected for
1986 - 1991, with growth dampening in the 1991- 1996 period, and falling off
substantially by 1996 - 2006 (only 1.89 percent growth of primary inputs). The
model relating primary inputs (measured in BTUs) to electricity output is
described iq Part II (Section 13).

Patterns of Utilization

Table 7.1 shows the implied fossil inputs, given· two forecast period
assumptions: (1) the contribution of nuclear averages 250 billion BTU annually
and (2) interstate electricity purchases are 4.5 percent of total BTU inputs from
1987 - 1995, declining thereafter. The composition of inputs would differ under
alternative assumptions but are consistent with recent experience, In the case
of interstate purchases - - the assumed levels reflect signed contracts and
expected patterns of utility purchases. Note that in 1986, interstate sales
represented about 11 percent of KWH sales (final energy), but only 4 percent of
BTU input. Tables 7.2 and 7.3 depict the energy shares and annual growth rates
for fossil, nuclear, and interstate purchases.

The composition of fossil fuels is shown in Table 7.4, with percentage
shares and growth rates shown in Tables 7.5 and 7.6, respectively. The share
of coal in fossil fuels nearly doubled between 1971 to 1986, from 18 to 37
percent, while the shares of natural gas and petroleum both halved. The future
raises. number of issues.

The long lead times for capacity adjustments complicate making forecasts
for fue~ mix in the production of electricity. The dramatic changes in the
relative shares of total BTUs between 1970 and 1986 reflect the impact of changes
in relative input prices, as well as other factors which are difficult to capture
in a forecasting model. To illustrate this point, note that the imposition of
stringent environmental controls (based on national Clean Air Act requirements
and water quality discharge regulations) raised the BTU input from primary fuels
required for electricity production. However, this was 'offset by improvements
in generating unit heat rates (a measure of the engineering efficiency of the
process translating inputs into outputs) and changes in the mix of energy inputs.
For example, the increased dependence on interstate electricity implies less
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generating losses -- since the BTU equivalents for these KWH primarily represent
final consumption (rather than primary inputs used in its
production).

Before presenting the forecasting results, we will summarize changes in
relative shares and relative input prices. Cost minimizing firms will alter the
input mix in response to relative price changes. In the utility industry,
construction lags mean that adjustments in input use will involve substantial
lags. Furthermore, adjustments will occur in response to perceived chang~s in
permanent relative prices, since transitory price differences will not JU$tify
major commitments to input-specific capacity with an operating life of twenty
years.

Share of Production

The tables present the shares of each of the five maj or energy types: coal,
natural gas, petroleum, and nuclear. Florida has seen dramatic modifications
in both capacity mix and fuel usage between 1970 and 1986.

(1) Nuclear's share of total electricity grew from zero to eleven percent
from 1972 to 1974, increasing to about twenty percent in 1977. From
a peak of twenty- five percent in 1984, nuclear's share of the total will
decline, as no new nuclear capacity will come on-line in the next
'decade. We assume none comes on-line for the next twenty years,
although changes in the political climate or dramatic modifications in
public attitudes towards fossil fuels could occur.

(2) The 20 percent share of coal declined slightly from 1970 to 1975. By
then, petroleum prices were bringing petroleum's share down from its
58 percent share--to 15 percent in 1985. Petroleum's increase to· 27
percent in 1987 reflected a nearly 40% drop in its price relative to
other fossil fuels. The nearly 30 percent increase in the relative
price of coal resulted in a slight drop-off in the coal share which by
1986 had reached about 40 percen~.

(3) Natural gas comprised 35 percent of the BTUs in 1970, falling to 25
percent in 1972, as petroleum prices remained low and national policy
discouraged the use of natural gas by electric utilities. Its share
has remained at roughly 20 percent since 1974, declining slightly from
1982 to 1986.

(4) Petroleum decline can be expected to stabilize, as its price stabilizes
-- resulting in continued utilization of petroleum generating capacity.

(5) Interstate purchases have grown in importance -- although the level is
highly yolati1e. The level of purchases depends on interstate prices
versus the variable costs of using marginal generating capacity in
Florida. As noted earlier, we did not .attempt to model this particular
energy source. We basically adopted intermediate-term utility industry
forecasts for this component of electricity production: roughly 13
percent of final electricity output, which corresponds to about 4.5
percent of primary energy input.
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Policy Issues

The issues raised by policy uncertainties regarding electricity input
patterns are no less troublesome. We do not try to model the impacts of
alternative governmental policies, although the model serves as a starting point
for such analyses. Many issues are going to be resolved by action or inaction
in the coming two decades. For example, federal initiatives in the area of acid
rain could result in new investments in environmental controls, higher
electricity prices, and new levels and mixes of generating capacity. If the
fossil fuel mix is driven by future concerns over the Green House Effect, there
could be a shift away from coal, which (for comparable BTU input) produces 40
percent more CO2 than natural gas when generating electricity.

In addition, the role of cogeneration and independent power producers
remains somewhat uncertain. The Federal Energy Regulatory Commission has been
encouraging experiments in competition- -with possible changes in industry
structure affecting the level and pattern of input usage. The Florida'
Coordinating Group foresees small power producers increasing their share of
electricity production from .3% in 1986 to 3.8% in 1995 (1989 Planning Hearing
20 year.plan, FCG). However, price and other terms of access to transmission
facilities is an open issue affecting the feasibility of some cogeneration
projects. Historical data just do not' reflect this option which is available
in the year~ ahead.

Added to these two issues is another complicating factor: the industry
itself goes through an enormous forecasting effort every two years--so detailed
company forecasts are aggregated to obtain Peninsular Florida forecasts for each
of the next ten years and beyond. These forecasts are able to take into account
a host of technical and organizational factors , including least.-cost dispatch
by generating units, scheduled outages (for maintenance), firm contracts for
interstate purchases, planned fuel-specific investments, and scheduled unit
retirements. A detailed model of input uses for the utility sector would require
a disproportionate amount of effort for this project, so we emphasize broad
trends within a consistent set of simple assumptions.
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Table 7.0 Primary Energy Inputs and Final Consumption of
Electricity: Annual Growth(%)

Year

1971-1986
1986-1991
1991-1996
1996-2006

Production
(Primary Energy Inputs)

3.94
4.14
3.20
1.89

Consumption
(Final Energy Rates)

4.97
5.07
3.69
2.12

Note: Efficiency improvements and changes in the generation mix cause ;growth
rates to differ.

Table 7.1 Electricity Energy Sources:
Fossil, Nuclear, Interstate

Year Total Fossil Nuclear Interstate

1971 652.26 652.26 0.00 0.00
1986 1178.47 892.29 238.19 47.99
1991 1449.77 1034.53 250.00 65.24
1996 1701.45 1380.00 250.00 71.45
2006 2052.55 1755.96 250.00 46.60

Notes:

(1) Nuclear fixed at 250 billion BTU for forecast period (beyond 1986).

(2) Interstate interchange is held to 4.5% of total BTU from 1987 to 1995.
The levels for 1996 to 2004 are estimated by taking a fraction of the
1995 level.

Year: 1996
Fraction: 23/24

1997
22/24

2003
16/24

2004
15/24

2005
15/24

Table 7.2 Share of Electricity Energy Sources: Fossil,
Nuclear, Interstate(%)

Year Total Fossil Nuclear Interstate
(Level) (Share)

1971 652.26 100.00 0.00 0.00
1986 1,178.47 75.72 20.21 4.07
1991 1,449.77 78.26 17.24 4.50
1996 1,701.45 81.11 14.69 4.20
2006 2,052.55 85.55 12.18 2.27
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Table 7.3 Electricity Energy Sources: Annual Growth(%)

Year Total Fossil Nuclear Interstate

1971-1986 3.94 2.08
1981-1986 2.15 0.07 8.00 32.40
1986-1991 4.14 4.80 1.00 6.14
1991-1996 3.20 3.92 0.00 1.82
1996-2006 1.88 2.41 0.00 -4.27

Table 7.4 Fossil Fuels for Electricity: Coal, Natural Gas
and Petroleum (Trillion BTU)

Year Fossil Coal Nat. Gas PetroleUDi

1971 652.26 117.13 203.53 331.60
1986 892.29 437.57 175.64 279.08
1991 1134.53 620.37 236.64 277.53
1996 1380.00 680.90 492.13 206.98
2006 1755.96 632.67 753.76 369.53

Table 7.5 Fossil Fuel Shares for Electricity: Coal, Natural
Gas and Petroleum (%)

Year Fossil Coal Nat. Gas Petroleum

1971 100.00 17.96 31.20 50.84
1986 75.72 37.13 14.90 23.68
1991 78.26 42.79 16.32 19.14
1996 81.11 40.02 28.92 12.16
2006 85.55 30.82 36.72 18.00
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Table 7.6 Fossil for Electricity Annual Growth Rate

Year Fossil Coal Nat. Gas Petroleum

1971-1986 2.09 8.78 -0.98 -1.15
1986-1991 4.80 6.98 5.96 -0.01
1991-1996 3.92 1.86 14.64 -5.87
1996-2006 2.41 -0.07 4.26 5.80

Note: Source for Historical data on energy consumption: GEO
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8. Concluding Observations

This report presents the results of the Public Utility Research Center
energy forecast project.. We believe that the estimated models provide an
internally consistent and comprehensive characterization of Florida's energy
sectors.

The comprehensive nature of the modeling effort is also a source of
potential problems. As is discussed further in Part II, many methodological
issues warrant additional attention. Further disaggregation could reveal other
patterns, yielding more precise scale and price elasticities. Alternative
specifications of key relationships could yield improved forecasts. The Iron
Law of Research is that answers beget questions.

Another limitation is the number of historical observations utilized. We
do not go back earlier because of the structural changes in the state's economy,
both in terms of output composition, demographic developments, and technological
changes. Although, other groups have examined specific sectors in more detail
than we have, we are unaware of any other effort which attempts to incorporate
interfue1 substitution in a relatively complete way. Similarly,
sectoral-specific responses to overall economic activity and population growth
are included in our model. The model serves as a good foundation for further
empirical work. We hope that it stimulates debate and discussion regarding
possibleene-rgy futures for Florida.

Total (Primary) EnergyConsumRtion

By replacing final electricity consumption (measured in BTUs) with the
primary energy inputs, total. energy consumption can be calculated. The
historical record is represented by Governor's Energy office data for 1971 and
1986. Table 8.1 also shows the forecasts obtained by combining information from
Table 4.1 with Table 7.1 (interstate, nuclear and fossil) and Table 7.4 (mix of
fossil inputs). Tables 8.2 and 8.3 depict the annual growth rates and shares
of total primary energy consumption.

For some purposes, primary energy consumption provides useful perspectives
on past and future consumption patterns. For others, the final demand based on
sectoral patterns is a more appropriate indicator of energy growth.
NeverthfJess, the growth rates of total (primary) energy consumption and final
energy consumption are nearly identical: respectively, 3.0 vs. 2.8 for 1971 
1986. They are both projected to be 3.7 percent per year for 1986 - 1991, and
2.5 pertpnt (final) and 2.3 percent (total) for 1991 - 1996. Although final
energy '6'l>nsumption is forecast to grow at a 1.0 percent rate thereafter, total
primary inputs grow at 2.4 percent, partly reflecting electricity's growth and
decreases in the relative importance of nuclear energy and interstate purchases.
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The policy implications of this are unclear. If residential, industrial
and commercial consumers value flexibility and cleanliness, then the resulting
consumption patterns will balance these values against the opportunity costs of
using alternative energy sources (or using substitutes -- such as insulation,
sweaters, and smaller homes). The apparent trends toward electricity use reflect
the choices of maximizing decision-makers. To focus on utilization of BTU
equivalents rather than energy costs may be-quite inappropriate for comparing
alternative energy futures. Economists believe that resources are used most
efficiently when product characteristics and price signals (reflecting social
costs) determine consumption patterns.':;;;).;J';-

Components of Total (Primary) Energy Consumption

When total energy inputs are the focus of attention, the growth of coal
consumption from 1971 - 1986 needs to be underscored. However, the demand is
a derived demand for coal as an input in the production of electricity. The
forecast has natural gas returning to its 1971 share (21.1 percent) by 2006,
after having fallen off dramatically to 11.4 percent of total primary consumption
in 1986. Comparisons of Table 5.1 and Table 8.1 indicate that only 59 percent
of the natural gas utilization occurred in the electric sector in 1971, gut 83
percent will be in the electric sector in 1996 -- rising even higher in 2006.
We are not terribly confident regarding these forecasts. Whether natural gas
will be ,:!sed as a final energy source or as an input in electricity production
is dependent on a host of technological and policy developments -- more of which
are factored into our econometric models. We draw statistical inferences from
historical consumption patterns and questionable price data. Clearly, here is
one area for further analysis.

Petroleum's share of total primary energy consumption will continue its
decline, about total consumption is forecast to grow 35 percent over the 20 year
time horizon. Based on our models, petroleum will comprise less than half the
BTU primary inputs in 2006, down from the two-thirds in 1971.

The three other energy types now total 14.3 percent of total primary energy
consumption, up from 3.9 percent in 1971 (all in the renewables category). By
1996, they are projected to be 17.9 percent of the total, declining to a share
of 12.7 percent by 2006. Nuclear power and interstate electricity purchases were
both discussed in Section 7. Note that the growth rate of renewables is high
and rising, although it includes only a minimal role for solar energy, energy
from was te , or other new technologies during this time frame. Again, the
economic potential of these ··energy sources warrants further analysis;

Per Capita and Per·Household·Final .Energy Consumption

Returning to th~ sectoral (final energy consumption) series, one additional
comparison is of interest from abroad perspective: What are the forecasts for
per household and per capita final energy consumption? Tables 8.4 and 8.5
present the growth rates of consumption per household for the historical period
and the short, intermediate, and long term. Final Energy consumption per
household dropped between 1971 and 1986, primarily due to the responses of the
residential and industrial sectors to higher energy prices. Growth is proj ected
to be very flat until 1996, and will become negative afterwards.

33



The pattern by fuel type is very different. Final Electricity consumption
per household grows over the twenty year period - - continuing the pattern between
1971 and 1986. The per capita numbers in Tables 8.6 and 8.7 yield similar
conclusions. Although the rate of household growth is forecast to be slightly
greater than the rate of population growth, the basic patterns are similar.

Policy Issues

It is useful to review recent history and to consider emerging trends.
At the national level, analysts have focused on the level of economic
activity, aggregate energy,and electricity consumption. For example Sioshansi
(1986) draws three conclusions from his analysis of national data since 1950,
particularly with regard to the impact of developments since 1973:

(1) "-much of the departure from historical growth patterns in energy
consumption may be attributed to higher prices and slow economic growth,
conditions that have reversed since 1983;

(2) the so-called decoupling of energy and GNP does not necessarily apply
to electricity and GNP; and

(3) slow growth rates for primary energy consumption are not inconsistent
with moderate growth rates for electricity if economic growth continues
at -a healthy pace in the future." (p. 81)

The results. for Florida are consistent with Sioshansi' s observations for the
national economy.

Sioshansi reaches several conclusions with important implications for
Florida. The rate of economic growth is the key determinant of electricity
consumption growth. If the real price of electricity remains relatively
constant over the next decade, while that of other energy types increase,
electricity's price premium will fall further encouraging additional
electricity usage.

The Florida Energy Efficiency and Conservation Act of 1980 (FEECA) required
the Florida Public Service Commission to establish three statewide goals:
reducing the growth rate of electricity consumption (KWH), reducing the growth
rate of peak electricity demand (KW), and reducing dependence on oil for the
produc,tion of electricity. Some of the debates surrounding the legislation are
described in Capehart and Capehart (1987), and so are not repeated here.
However, the legislature is about to reconsider the FEECA process and goals,
so it is appropriate that the forecasts be considered in light of the issues
raisediby FEECA. One of those issues is the efficiency of adopting mandated
goals which alter behavior beyond what price - induced adj us tments would have
accomplished. In particular, "excessive" energy conservation is possible.
Evaluating performance in all the energy markets requires a good understanding
of the economic and social consequences of alternative policies.
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In terms of the old FEECA goals, the targeted 25% reduction in oil usage
by 1985 was relatively easy to achieve. In addition, the FPSC set as a goal
the reduction of end-use weather-sensitive peak kilowatt (KW) demand to an
average of 72.25% of the average annual growth rate in residential customers.
The peak demand is not estimated in our study, since we only modeled energy
consumption.

The other FPSC goal, reduced kilowatt-hour (KWH) consumption growth, was
to be 75% the growth in residential customers during the 1980-1989 period.
Electricity consumption per household grew at an annual rate of . 7 pe'tcent
between 1971 and 1986. The short term annual forecast for 1986-1991 is for 2.0
percent, dropping to 1.6 percent for 1991-1996 and falling to .4 percent
thereafter. Since we have households, rather than number of customerS'~our

forecasts are not quite comparable to FEECA goals. However, these results need
to be considered in the· development of future policies. The lowest cost
conservation investments may have already been made, raising questions regarding
the cost-effectiveness of further mandated programs.
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Table 8.1 Total (Primary) Energy Consumption (trillion BTU) by
Six Energy Sources

Year Total CL NG PT RN NU INT

1971 1642.2 117.1 346.1 1114.9 64.0 0.0 0.0
1986 2581.6 456.8 294.8 1433.4 110.4 238.2 48.0 II1991 3101.5 641.7 368.5 1650.3 125.7 250.0 65.2 t
1996 3511.3 703.8 615.6 1716.5 153.9 250.0 70.5
2006 3960.6 658.8 862.6 1937.7 204.9 250.0 46.6

Table 8.2 Annual Growth Rate of Total (Primary) Energy Consumption

Year Total CL NG PT RN NU INT

1971-1986 3.0 9.1 -1.1 1.7 3.6
1986-1991- 3.7 6.8 4.5 2.8 2.6 1.0 6.1
1991-1996 2.5 1.8 10.3 0.8 4.0 0.0 1.8
1996-2006 2.4 -1.3 6.7 2.4 2.9 0.0 -4.2

Table 8.3 Share of Total (Primary) Energy Consumption

Year Total CL NG PT RN NU INT

1971 1642.2 7.1 21.1 67.9 3.9 0.0 0.0
1986 2581.6 17.7 11.4 55.5 4.3 9.2 1.9
1991 3101.5 20.7 11.9 53.2 4.1 8.1 2.1
1996 3511.3 20.0 17.5 48.9 4.4 7.1 2.0
2006 3960.6 16.6 21.8 48.9 5.2 6.3 1.2
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Table 8.4 Annual Growth Rate of Final Energy Consumption per
Household: Four Sectors

Year Final Res Comm Indu Tran

1971-1986 -1.5 -1.1 0.1 -3.5 -1.0
1986-1991 0.6 1.2 1.1 -1.2 1.0
1991-1996 0.2 0.0 0.3 0.0 0.4
1996-2006 -0.8 -0.4 -0.1 -0.6 -1.1

Table 8.5 Annual Growth- Rate of Final Energy Consumption per
Household: Five Fuel Types

Year Final NG PT ES CL RN

1971-1986 -1.5 -5.5 -1.7 0.7 -0.7
1986-1991 0.6 -1.0 0.4 2.0 -0.9 -0.5
1991-1996 0.2 -3.4 -0.2 1.6 -0.7 2.0
1996-2006 -0.8 -3.0 -1.3 0.4 -0.4 1.2

Table 8.6 Annual Growth Rate of Final Energy Consumption per
Capita: Four Sectors

Year Final Res Comm Indu Tran

1971-1986 -0.5 -0.1 1.1 -2.6 0.0
1986-1991 1.1 1.7 1.6 -0.7 1.5
1991-1996 0.4 0.1 0.4 0.2 0.6
1996-2006 -0.4 0.0 0.2 -0.2 -0.7

Table 8.7 Annual Growth Rate of Final Energy Consumption per
Capita: Five Fuel Types

Year Final NG PT ES CL RN

1971-1986 -0.5 -4.5 -0.8 1.6 0.3
1986-1991 1.1 -0.6 0.9 2.5 -0.4 0.0
1991-1996 0.4 -3.2 0.0 1.8 -0.5 2.2
1996-2006 -0.4 -2.6 -1.0 0.8 0.0 1.5
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PART II MODEL SPECIFICATION AND ANALYSIS

~..'.'.'.:.'..•.. '

,:,,",":

A large scale study involving many sectors requires an enormous amount of
background information, so that fundamental tendencies can be distinguished from
temporary developments. Similarly, anomalies and shocks can give a skewed
picture if they are not put in perspective. We welcome comments and suggestions
which would help us explain our results or improve our models.

It should be borne in mind that the data supplied to us consisted of annual
time series observations from 1970 to 1986. The availability of only 17
observations often forced the use of fairly simple models. We tried to come up
with very parsimonious representations of the data so as to avoid losing too many
degrees of freedom.

We assume that the data on energy consumption and energy prices trace out
an energy demand function. Strictly speaking, this would be true only if the
demand function were stable and the only shocks were to the supply function. Most
empirical studies of energy consumption make this "heroic" assumption.

9. The Residential Sector

Description of the Data

The residential sector - houses, apartments, condominiums, and manufactured
homes -accounts for nearly a quarter of total energy use in Florida. Total energy
use, measured in BTUs, has grown by about 50% over the period. The growth has
been fairly uneven; there were three recessions - 1974, 1979 and 1982 -during
which energy use declined by 6%,0.4% and 4% respectively.

Natural gas consumption in this sector increased 42% between 1970 and 1978,
with most of the increase coming between 1976 and 1978. Since then consumption
has declined by nearly 50%. The petroleum products used by the residential sector
consist of distillates, kerosene and liquefied petroleum gas (LPG). Distillates
are used for space heating, kerosene in space heaters, cooking stoves and water
heaters. LPG, a mixture of hydrocarbons consisting primarily of propane and
butane, is also known as bottle gas and used for heating and cooking. The use
of petroleum products has declined by nearly 45% over the period, with kerosene
use registering the sharpest decline. The use of the remaining form of energy 
electricity - has increased dramatically over the period. (Certain minor fuels
used in·;~,this sector - - wood and waste, solar energy and renewab1es - - were
excluded from the analysis.)

The relative price of natural gas to electricity declined between 1970 and
1978 but has gone up since; the relative price of petroleum to electricity
increased between 1970 and 1982 and has declined somewhat since.

Next, we present some tables which show the end uses of energy in the
residential sector. The data also show the end uses in which interfue1
substitution has occurred. Table 9.1 shows the major end uses of energy. For
instance, air conditioning accounted for 24% of residential energy use between
1975 and 1979. The relative importance of end uses has remained fairly constant
since 1975.
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Table 9.2 shows that while the end uses have remained the same, the relative
importance of the fuels used to satisfy them has changed considerably. For
instance, in 1977, petroleum accounted for 42% of the total energy used in space
heating; by 1983 it only accounted for 22%.

To summarize, the major trend in this sector has been a shift away from
natural gas and petroleum and towards electricity.

The Market Shares Model for the Residential Sector
'-.$

We have modeled energy consumption in this sector following the aRQfoach
of the Department of Energy (1978) and Maddala, Chern and Gill (1978). Total
consumption is assumed to be a function of the energy price index, P, and a
"'scale" variable. Then the market share of each fuel is a function of its price,
the price of substitute fuels and the scale variable. Experimental studies by
Smith and Hill (1985) suggest that the logistic functional form was more robust
than probablistic methods for estimating market shares.

The estimates of the model are given in Table 9.3. In the last equation,
the pependent variable is the total energy consumption in the residential sector.
The independent variables are the real energy price index (the energy price
index, P, deflated by the general price level) and the number of households. The
equation' is estimated in double log form, i. e., the log of consumption is
regressed on logs of the explanatory variables; hence, the coefficient estimates
measure elasticities. Both price and scale coefficients are statistically
significant. The estimated price elasticity is -0.50 while the scale elasticity
is a little over 1.

The other three equations are the market share equations for electricity,
petroleum and natural gas respectively. The results can be summarized as
follows:

1. Own price elasticities:

Holding fixed .the price of other fuels, an increase in the price of a
fuel should reduce its consumption; this could be achieved, for example,
through conservation efforts. Our estimates of the own price
elasticities are negative, as expected, and are all significantly
different from zero. Though they are all in the inelastic range, the
elasticity estimates imply that natural gas and petroleum demand are
more elastic than electricity.

2. Cross price elasticities:

Holding fixed the own price, an increase in the prices of other fuels
induces interfuel substitution; hence, the cross price elastici,ties
should be positive. Our preliminary tests did not show much substitution
betwe.en natural gas and other fuels in response to relative price
changes. Hence, the model only incorporates the cross elasticity of
demand between petroleum use and electricity use; this elasticity is
positive and close to statistical significance 'at a 10% level.
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3. Scale elasticities:

The scale variable used in the petroleum and electricity equations is
the number of households. The results imply that an increase in the
number of households will increase the market share of electricity at
the expense of petroleum. This follows from the fact that the point
estimate of the income elasticity is negative in the petroleum equation
and positive in the electricity equation.

In the natural gas equation, a time trend is used ins tead of the scale
variable. Preliminary tests showed that the natural gas share was not
significantly correlated with household growth over the sample period. This may
be because many residential customers did not have access to distribution
pipelines. Hence, even though the price of natural gas fell relative to other
fuels over the first half. of the sample period, this capacity constraint could
have limited the adjustment of consumer demand. The future substitutability
between electricity and natural gas warrants additional analyses.

4. Lagged Dependent Variables:

We initially included a lagged dependent variable (i.e., last period's
fuel share) in each of the three market share equations. However, this
variable was significant only in the natural gas equation; the
coefficient estimate was 0.44 with a standard error of 0.26.

All the equations are satisfactory in terms of their goodness-of-fit
(Adjusted R2). Note that the Durbin-Watson (D. W.) statistic is close to 2,
indicating the absence of first-order serial correlation in the residuals. The
lower R2 of the natural gas equation, relative to the other two, stems in part
from the problem of capacity constraints discussed above .It could also be partly
due to unusual weather patternsiri Florida in some years, which are not accounted
for in the market shares model. In 1978, the residential sector consumed 22.6
trillion Btu's of natural gas; this am.ount was substantially higher than the 1977
consumption (which was 19 trillion Btu's) and the 1979 consumption (18 trillion
Btu's). Mr. W. Bruce Miller of Peoples Gas System, Inc. (1988, private
correspondence with the research team) states that "1976-77 was a very cold year
in Florida and .. many residents switched to natural gas space heating equipment
following the 1977 winter. The following year was also cold and coupled with the
equipment conversions explains the peak of 22.6 trillion Btu's of consumption
in the residential sector." Note that Mr. Miller's explanation implies that there
is a one year installation/switching lag; as discussed above, we find that a
lagged dependent variable is significant in the natural gas equation, which also
suggests;,.. that adjustments take time to accomplish.

Resideti~al Sector : Alternate Approaches and Refinements

In Table 9.4 we describe some alternate specifications that were tried;
this was done to test the sensitivity of the model to alternate assumptions. The
first equation reported in the table is the one we use in making the forecasts.
In equation 2 we show that a lagged dependent variable is insignificant. In
equation 3, we use per capita income rather than number of households as the
scale variable. This lowers the estimate of the price elasticity and it also
becomes insignificant. While the explanatory power of this equation is high, the
Durbin-Watson statistic is much lower than in equation 1.
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We also tried an alternate approach to the market shares model. In this
approach, the consumption of each fuel type (rather than its share) is assumed
to be a function of prices and income. Total energy consumption is then derived
by adding the three fuel type equations. The predicted values for consumption
were not very different from those derived from the market shares model.

Next, we describe some of the possible refinements of the market shares
model. Because of the constraints imposed by time and available funds,~~F was
not be possible to incorporate these refinements into our current model¥;:D;,

1. Use of Energy Expenditures:

In the market shares model, we have used a thermal measure- of energy
consumption. Bernard, Lemieux and Thivierge (1986) have argued that
economic theory would call for the use of energy expenditures measured
in constant dollars rather than a thermal measure. In a study of energy
demand in the Quebec residential sector, they find that the use of
energy expenditures, rather than btu's, leads to lower estimates of the
price elasticity of demand (i.e., demand is more price-inelastic).

2. Natural Gas Capacity Constraints:

-Bernard et. al. (1986) also demonstrate how capacity constraints can
be incorporated into the market share model. They introduce the capacity
of the gas distribution network (GDC) and the square of the capacity
(GDC2) into the unit cost function for total energy. Then, application
of Shepherd's lemma implies that the market shares of the different
fuels will be a function of GDC and relative prices of fuels. This
procedure disentangles the effects of price changes from those of
network expansion. Bernard et. al. found that, for the Quebec
residential sector, expansion of the natural gas network led to a lower
aggregate energy price and, consequently, to an increase in demand.

It should be noted that the ANR Pipeline Company of Detroit has proposed
a Sunshine Natural Gas System which would be capable of transporting
up to 450 million cubic feet of gas per day to electric companies and
gas distribution companies in Florida. Developments of this nature could
significantly alter the projections made earlier.

Forecasts for the Residential Sector

The forecasts for this sector are contained in Tables 9.5 to 9.7. Natural
gas is forecast to have relatively rapid grm_rth in the short term (although mild
winters would certainly run counter to this forecast). AfterT99T,riegative
growth is forecast. While growing slightly in the short term, petroleum
consumption declines at a rate of about 2.5 percent per year after 1991. Short
term growth of 4.0 percent per year brings e1ec trici ty to 82 percent of
residential energy consumption in 1991. Despite slower growth, the share of
electricity is rising to almost 90 percent over the long term.
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Table 9.1 Residential Sector: End Uses of Energy (% of Total)

End Use

Air conditioning
Refrigeration
Lighting
Space Heating
Water Heating
Cooking
Clothes Drying

Other uses

Total Consumption
(trillion btus)

Average 1975-79

24
11

5
15
26

7
3

9

172

Average 1979-83

23
13

5
12
25

7
4

11

196

p.•.iJ

Notes: Source: GEO, Patterns of Energy Consumption in Florida, 1970-83.

Table 9-.2 Residential Sector: Fuel Shares in End Uses, 1977 and 1983

NG, 1977 PT, 1977 ·ES, 1977
End Use -------- -----_.. - --------

NG, 1983 PT, 1983 ES, 1983

Space Heating 19 42 38
19 22 57

Water Heating 21 14 65
12 6 80

Cooking 21 36 43
28 17 55

Clothes Drying 14 0 86
7 0 93
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Table 9.3 Residential Sector: Estimated Model

Dependent Variables

In SNG In SpT In Ses In TR

Constant 0.08 20.85 -22.77 -9.34
(0.47) (2.81) (3.00) (1.70)

Lag Dep. 0.44
(0.26)

In PNG -0.69
(0.32)

In PpT -0.64 0.32
(0.19) (0.20)

In Pes 0.52 -0.55
(0.36) (0.38)

In (P index) -0.50
(0.15)

In t -0.07
(0.05)

In HHD -1.50 1.64 1.06
. (0.24) (0.25) (0.14)

Durbin-Watson 1.65 1.42 1.04 1.67
Durbin-h *
Adjusted R2 0.69 0.96 0.94 0.93

* The Durbin-h cannot be calculated, since the variance of the coefficient
estimate for the lagged dependent variable times the number of observations is
greater than unity.

Note:

1. In TR is the natural logarithm of total residential consumption (trillion
BTUs).

In SNG - In ( share of natural gas. )
1 - share of natural gas

In SpT and In Ses. are also logistic transformations; this transformation
restricts the estimated share to be between 0 and 1.

2. All equations are estimated by ordinary least squares (OLS).

3. PNG , PpT and Pes are prices of natural gas, petroleum and electricity and P
is a weighted energy price index. HHD is number of households and t is a
time .trend.
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Table 9.4 Residential Sector: Alternate Models

Dependent Variables

In TR In TR In TR In TR

Constant -9.34 -8.32 -1.77 -1.59
(1.70) (2.30) (0.76) (0.80)

Lag Dep. 0.14 0.25 .~(0.25) (0.23)

In (P index) -0.50 -0.48 -0.10 -0.14
(0.15) (0.16) (0.11) (0.12)

In RHD 1.06 0.94
(0.14) (0.24)

In INC 0.63 0.51
(0.09) (0.13)

Durbin-Watson 1.67 1.16
Durbin-h 0.76 1.17
Adjusted _RZ 0.93 0.91 0.93 0.91

Note:

1. Lag. Dep. is a lagged dependent variable, and INC is per capita income in
the state. See notes to Table 9.3 for description of other variables.

2. All equations are estimated by OLS.

Table 9.5 Residential Sector: Energy Consumption (Trillion BTU)

Year Total NG PT ES

1971 146.8 13.8 40.1 92.9
1986 237.2 14.4 25.6 197.3

1991
1996

2006

293.4
324.5

371.7

25.0
23.8

19.0
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Table 9.6 Residential Sector: Share of Energy Consumption

Year

1971
1986

1991
1996

2006

Total

146.8
237.2

293.4
324.5

371.7

NG

9.4
6.1

8.5
7.3

5.1

·PT

27.3
10.8

9.3
7.4

5.0

ES

63.3
83.2

82.2
85.3

89.9

Table 9.7 Residential Sector: Annual Growth Rate of Energy
Consumption

Period Total NG PT ES

1971-1986 3.2 0.3 -3.0 5.0

1986-1991 4.3 11.0 1.3 4.0

1991-1996 2.0 -1.0 -2.6 2.8

1996-2006 1.4 -2.3 -2.5 1.9
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10. The Commercial Sector

Description of the Data

The commercial sector accounts for about 12% of the total energy use in
Florida. Total energy use, measured in BTUs has grown by about 70% over the
period. The major trend has been a dramatic increase in the share of electricity
in total consumption, from 50% in 1970 to over 65% in 1986. (Certain minor fuels
used in this sector - - coal, wood and waste and renewables - - were excluded from
the analysis).

The relative price of natural gas to electricity increased sharply between
1978 and 1986; on the other hand, the relative price of petroleum to electricity
increased between 1970 and 1978 but has been stable since.

Table 10.1 shows the important end uses of energy in this sector. There have
been some minor shifts in the relative importance of the different end uses since
1975. What has changed, as was the case in the residential sector, is the
relative importance of the fuels used to satisfy these end uses. (However, we
do not have the data to document these changes.)

Market Shares Model in the Commercial Sector

The approach followed is similar to that used for the residential sector.
The model for this sector consists of four equations: an equation for total
consumption and three market share equations for electricity, petroleum and
natural gas.

The estimates of the model are given in Table 10.2. In the last equation
in the table, the dependent variable is the total energy consumption in the
commercial sector. The independent variables are the real energy price index,
commercial employment and a lagged dependent variable. The equation is estimated
in double log form. The estimated short-run price elasticity is -0.18 but it is
not precisely measured; the standard error is 0.13. The short-run scale
elasticity is 0.35 and it is statistically significant. Since the equation
contains a lagged dependent variable, the long-run elasticities are different
from the short-run elasticities; the price elasticity is -0.47 and the scale
elasticity is 0.92.

Th~:next three equations are the market share equations for electricity,
petro1e~ and natural gas respectively. The results can be summarized as
follows ~:.

1 Own price elasticities:

Our estimates of the own price elasticities are negative, as expected.
The coefficients in the electricity and petroleum equations are
significantly different from zero; the natural gas coefficient is close
to significance at a 10% level.
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2. Cross price elasticities:

As in the residential sector, our preliminary tests did not show much
substitution between natural gas and other fuels in response to relative
price changes. Hence, the model only incorporates the cross elasticity
of demand between petroleum use and electricity use; this elasticity
is positive and close to statistical significance at a lOX level.

3. Scale elasticities:

The scale variable - commercial employment - was not significant in the
market share equations and was therefore excluded. Taken literally, this
means that changes in the scale of the commercial sector are expected
to have no impact on the shares of different fuels.

4. Lagged Dependent Variables:

A lagged dependent variable (i.e., last period's fuel share) was
significant in each of the three market share equations.

• All the equations are satisfacto~ in terms of their goodness-of-fit
(Adjusted R2). However, once again, the R of the natural gas equation is lower
than those for the other two market share equations. The Durbin's h statistic
indicates that serial correlation in the residuals is not a problem, except
perhaps in the petroleum equation.

Commercial Sector : Alternate Approaches and Refinements

In Table 10.3, our preferred equation for total commercial consumption is
given in the first column; the long-run price elasticity is -0.47. Equation 2
shows that replacing employment by per capita income alters the estimate of the
price elasticity. Also, the estimate is no longer significant. In equation 3,
the number of households is used as the scale variable. This alters the short
run elasticity but the long-run elasticity is -0.50, which is fairly close to
that in equation 1.

Forecasts for the Commercial Sector

The forecasts are given in Tables 10.4 to 10.6. As in the residential
sector,electricity continues to grow in relative importance -- growing from 66
percent to almost 78 percent of the total by the end of the twenty years. The
proj ected4. 9 percent annual growth from 1986 to 1991 is less than the 5. 7
percent growth rate over the historical sample period, but it still represents
a substantial increase. The slowdown after 1991 reflects price and scale
effects. Total consumption is relatively unresponsive to employment growth.
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Table 10.1 Commercial Sector: End Uses of Energy (% of Total)

End Use

Space Heating
Water Heating
Cooking
Air conditioning
Refrigeration
Lighting
Other Uses

Average 1975-79

22
16

7
29

5
12

9

Average 1979-83

23
18

9
31

3
10

6

Source: Governor's Energy Office, Patterns of Energy
Consumption in Florida 1970-1983, p.82.

Table 10.2 Commercial Sector: Estimated Model

Dependent Variables

In SNG In S'PT In SES In TC

Constant -0.19 -3.89 5.30 -0.19
(0.25) (1.52) (1.17) (0.43)

Lag Dep. 0.59 0.27 0.56 0.62
(0.20) .(0.17) (0.11) (0.22)

In PNG -0.28
(0.19)

In PpT -0.66 0.66
(0.19) (0.14)

In PES 1.24 -1.99
(0.55) (0.43)

In (P index) -0.18
(0.13)

In EMF 0.35
(0.17)

Durbin-h 2.0 -2.8 -2.3 0.14
Adjusted R2 (0.57 0.79 0.88 0.91

1 S 1 (
share of natural gas Jn n9- n· 1 - share of natural gas
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Note:

1. In TC is the log of total commercial energy consumption (trillion BTUs).
In SNG ' In SPT and In Ses are logistic transformation. (See notes to TAble
9.3.)

2. All equations are estimated by ordinary least squares.

3. PNG , PpT' and Pes are prices of natural gas, petroleum and electricit~ and
P is a weighted energy price index. HHD is number of households andt is
at time trend. EMP is total commercial employment.

Table 10.3 Commercial Sector: Alternate Models

Dependent Variables

Constant.

Lag Dep.

In (P index)

In EMP

In INC

In HHD

Durbin-Watson
Durbin-h
Adjusted·R2

• In TC

-0.19
(0.43)

0.62
(0.22)

-0.18
(0.13)

0.35
(0.17)

0.14
0.91

In TC

-2.37
(1.06)

0.50
(0.23)

-0.12
(0.11)

0.45
(0.18)

0.47
0.92

In TC

-8.03
(2.94)

0.32
(0.27)

-0.34
(0.15)

0.82
(0.30)

1.8

*
0.93

*Durbin-h cannot be calculated, since the variance of the
coefficient estimate for the lagged· dependent variable times
the number of observations is greater than unity.
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Table 10.4 Commercial Sector: Energy Consumption (Trillion BTU)

Year

1971
1986

1991
1996

2006

Total

113.9
220.1

271.5
304.7

357.6

NG

26.5
37.1

46.7
48.5

48.6

PT

25.3
37.3

38.2
34.5

31.2

ES

62.1
145.7

186.6
221.7

277.8

Table 10.5 Commercial Sector: Share of Energy Consumption

Year Total NG PT ES

1971 113.9 23.3 22.2 54.5
1986 220.1 16.9 16.9 66.2

1991
1996

2006

271.5
304.7

357.6

17.2
15.9

13.6

14.1
11.3

8.7

68.7
72.8

77.7

Table 10.6 Commercial Sector: Annual Growth Rate of Energy
Consumption:

Peria.@ Total NG PT ES
ii~i!Af~

1971-l:i66 4.4 2.2 2.6 5.7

1986-1991 4.2 4.6 0.5 4.9

1991-1996 2.3 0.8 -2.0 3.4

1996-2006 1.6 0.0 -1.0 2.3
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11. The Industrial Sector

Description of the Data

The industrial sector uses a wide varie.ty of fuels to satisfy its energy
needs. There have been significant changes in the relative mix of fuels: the
share of natural gas and petroleum has fallen while the share of coal, renewables
and electricity has increased. The increase in coal use has been very rapid,:;., From
less than 1% in 1977, coal's share has risen to over 5% of total energy used in
this sector.

The major end uses of energy are given in Table 11.1. The major change is
that process steam and in~house electricity generation now account for a larger
percentage of the total.

The Estimated Model for the Industrial Sector

For this sector, we estimated 5 equations, one each for the maj or fuels
used. The dependent variable in each was the log of the total consumption of
that fuel (rather than its share) . Total industrial consumption was then derived
by adding-up the five equations. Our preliminary work showed that, for this
sector, this approach worked better than the market shares model described
earlier.

The estimated equations are given in Table 11.2.

1) Natural Gas:

This equation contains only a lagged dependent variable and a scale
variable, gross industrial product. The scale elasticity has a
(counterintuitive) negative sign and is significant. None of the price
variables were significant.

2) Coal:

We had only 11 observations on coal consumption. In the equation reported
in the table, the own-price is significant but it is positive. Industrial
employment is used as a scale variable; the estimated elasticity seems
implausibly high. If we were to use this equation to generate forecasts,
our prediction would be that coal's share would increase from its current
level of 5% to 30% by 2006. This forecast is not plausible; hence, rather
than use this equation, we assumed that coal's share would remain fairly
stabl~ over the forecast period.

3) Petroleum:

In this equation both the own-price and the cross-price elasticity with
coal have the correct sign and are significant at a 10% level. The scale
variable is insignificant.

51



4) Electricity:

Here, the own-price elasticity is negative but not precisely measured. We
used two scale variables, number of households and industrial employment.
The coefficient on the first variable was positive and close to
significance. The coefficient on employment is negative and significant;
though the sign is difficult to interpret, dropping this variable
substantially lowered the adjusted R2 . It could be that this variable is
picking up substitution between factors of production.

5) Renewables:

The·primary renewable· energy. source is wood waste. Hence, as the scale
variable we used output in the lumber, wood products and pulp and paper
industries. The estimated scale elasticity is highly significant. The
cross-elasticity with petroleum use is positive.

Overall, the model for the industrial sector does not perform as well as
the models for the other sectors. Possible reasons for this are discussed in the
next section.

Industrial Sector: Alternate Approaches and Refinements

The maj or hurdle to modeling energy use is that the sector is made of up
many disparate industries. The data, however, are an aggregate for the whole
sector. Econometric theory suggests that estimates based on aggregating over non
homogenous units may not be very reliable. Bohi (1982), in his discussion of
this aggregation.problem, writes: "Aggregate industrial consumption is perhaps
the extreme case because of the substantial differences in the way energy may
be used for processing, space heating and boiler fuel by different industry
groups. Some are large energy-intensive operations and others may be small and
less intensive. Even firms within the same industrial group may use different
fuels, in different intensities, depending on the range of technical options"
(p. 2-28, 2-29).

We did not try alternate approaches because they would be fairly time
consuming. For instance, it is fairly common to use disaggregated industry data
to reduce the aggregation problem; however, this would require substantial data
collection. Another feature of industrial demand studies is the use of data for
different states in order to model the locational decisions of industries. Such
an apprioach would require much addi tional effort.

Forecas:ts for the Industrial Sector

The forecasts are given in Tables 11.3 to 11.5. The projected declining
role of natural gas is evident from the Tables. As noted earlier, coal is
assumed to maintain its current share, while petroleum is projected to decline.
Electricity's share of industrial BTU doubles, from 15 in 1986 to 30 percent in
2006, with consumption growing at nearly 8 percent per year over the next decade.
Renewables grows from 30 to almost 42 percent of industrial consumption. Some
electricity cogeneration could be captured in the forecasts.
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One could speculate on possible compensating errors in this sector and in
the estimate of primary fuels for electricity production. Unavailability of
natural gas for industrial use during portions of the historical period imply
that the price data do not represent the real cost of obtaining this input.
Thus, the forecasted decline in industrial consumption is an artifact of a mis
specified model. On the other hand, as was reported in Section 7, natural gas
used for electricity production is projected to grow at rapid rates
particularly from 1991 - 1996 (14.9 percent per year). This development could
be interpreted as due to cogeneration. The question is whether to attribute such
energy use to electric utilities or the industrial sector.

This interpretation of our results is more a rationalization than an
analysis ,since the historical data reflect minimal cogeneration and involve
imperfect measures of prices and availability. Nevertheless, this example
illustrates both the strength and weakness of modeling efforts: errors at the'
disaggregated level often cancel each other out and historical data reflect
behavioral relationships and production structures that may be breaking down.

t
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Table 11.1

End Use

Industrial Sector: End Uses of Energy (% of Total)

Average 1975-79 Average 1979-83

Process Steam
Elect. Generation
Direct Heat
Direct Drive
Feed stocks
Other Uses

26
6

15
11

7
35

30
15
12
10

8
25

Source Governor's Energy Office, Patterns of Energy
Consumption in Florida 1970-1983.

Table 11.2 Industrial Sector: Estimated Model

Dependent Variables

In NG In CL In PT In ES In RN

Constant 4.33 -42.97 3.36 -4.32 -2.77
(2.00) (4.94) (2.38) (3.84) (1.20)

Lag Dep. 0.68 0.61 0.84 0.42
(0.24) (0.23) (0.20) (0.17)

In Pel 1.48 0.25
(0.58) (0.13)

In PpT -0.23 0.08
(0.13) (0.04)

In PES -0.23
(0.25)

In HHD 0.61
(0.38)

In EMP 6.69 -0.55
(0.76) (0.28)

In YI
'.~"""';"

-0.28 -0.13
(0.13) (0.18)

In WOOD 0.76
(0.24)

Durbin-Watson -4.1 0.30 -0.32 1.43
Durbin-h 2.38
Adjusted R2 0.57 0.89 0.39 0.84 0.92
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Note:

1. 1n NG is the log of natural gas consumption; similarly 1n eL, In PT, In ES
and In RN are the logs of coal, petroleum, electric sales and renewables,
respectively.

2. Pel' PpT' and Pes are the prices of co.al, petroleum and electric sales
respectively.

3. RHO is number of households, EMP is industrial sector employment, YI is
industrial sector output and wood is output in the lumber, wood pr~ucts

and pulp and paper industries.

Table 11.3 Industrial Sector: Energy Consumption (Trillion BTU)

Year Total NG CL PT ES RN

•
1971 321.7 102.3 0.0 121.8 33.6 64.0
1986 361.9 67.7 19.2 110.4 54.3 110.4

1991
1996

396.5
439.2

60.3
51.2

21.3
22.9

104.9
93.8

84.3
117.5

125.7
153.9

2006 492.9 41.2 26.1 71.2 149.5 204.9

Table 11.4 Industrial Sector: Share of Energy Consumption

Year Total NG CL PT ES RN

1971 321.7 31.8 0.0 37.8 10.4 19.9
1986 361.9 18.7 5.3 30.5 15.0 30.5

1991
1996

396.5
439.2

15.2
11.6

5.4
5.2

26.5
21.4

21.3
26.8

31.7
35.0

2006 492.9 8.4 5.3
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Table 11.5 Industrial Sector: Annual Growth Rate of Energy Consumption

Period Total NG CL PT ES RN

1971-1986 0.8 -2.8 33.5 -0.7 3.2 3.6

1986-1991 1.8 -2.3 2.1 -1.0 8.. 8 2.6

1991-1996 2.0 -3.3 1.4 -2.2 6.6 4.0

1996-2006 1.2 -2.2 1.3 -2.8 2.4 2.9
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12. The Transportation Sector

Description of Data

The transportation sector accounts for the lion's share of total energy
consumption in Florida. In 1986, jet fuel and aviation gasoline accounted for
about 11% of total consumption in this sector. The remainder was accounted for
largely by motor gasoline and allied fuels (liquid petroleum gas, lubricants,
distillate fuels, and residual fuel). However, the share of gasoline has been
declining over the sample period because of the increasing fuel efficiency of
vehicles and the growth of the airline industry.

The price of gasoline increased sharply in 1974-75 and again in 1979-80,
but has been falling thereafter. The price of jet fuel increased steadily till
1982 and has also been falling since then.

Table 12.1 shows that the distribution of consumption by mode has remained
fairly stable.

The Estimated Model for the Transportation Sector

As in the industrial sector, we found that an 'adding-up' approach worked
better than the market shares approach. The estimated model contains two
equations, one .for motor gasoline and allied fuels and the second for jet fuel
and aviation gasoline.

The estimates are given in Table 12.2. As seems reasonable, the short-run
price elasticity for motor gasoline is in the inelastic range with a point
estimate of -0.09; the long-run elasticity is -0.32. The scale variable is
transportation output; the estimated short-run and long-run elasticities are 0.33
and 1.2 respectively. The adjusted R2 of this· equation is very high and all the
estimates are statistically significant. Also, Durbin's h statistic indicates
that there is no serial correlation. In the jet fuel equation, neither own-price
nor output was significant; hence, only a lagged-dependent variable was included.

Given that motor gasoline accounts for the bulk of total consumption, the
model for this sector seems adequate. However, the jet fuel equation warrants
additional investigation. For some purposes, forecast errors for this component
raise few problems. For other applications, the model would need to be more
comprehensive.

Transportation Sector: Alternate Approaches and Refinements

Given the importance of gasoline use in total energy consumption, the
estimated price and scale elasticities are of great importance. Bohi (1982)
reviews 11 different empirical models of gasoline demand and summarizes the
evidence as follows "Estimates of the short-run own-price elasticity of
gasoline demand range form -0.11 to -0.41 while the long-run measure ranges from
-0.32 to -0.78. Estimates of the long-run income elasticity cluster around 1.0 .. "
(p. 5-30). Our estimates are fairly close to these in all instances.
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With a longer time series, it will become possible to estimate a better
model of gasoline demand. For instance, consumption of gasoline can be modeled
as a function of the stock of vehicles, the utilization rate of vehicles and fuel
efficiency factors. The stock of vehicles will, in turn, depend on average gross
income and the 'generalized price of cars'. This latter variable is a
conglomeration of the price of motor gasoline, the average fuel efficiency of
new automobiles and the sticker price of cars.

Forecasts for the Transportation Sector

Forecasts are given in Tables 12.3 to 12.5.
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Table 12.1 Transportation Sector: Energy Shares by Mode (% of total)

Mode Average 1975-79 Average 1979-83

Automobiles 56 54
Trucks 20 19
Aircraft 15 15
Other Modes 9 12

Source Governor's Energy Office, Patterns of Energy
Consumption in Florida 1970-1983.

Table 12.2 Transportation Sector: Estimated Model

Dependent Variables

In MG In JF

Constant

Lag Dep.

In YT

Durbin-h
Adjusted R2

Note:

-0.70
(0.71)

0.72
(0.12)

-0.09
(0.05)

0.33
(0.16)

-0.17
0.97

1.31
(0.81)

0.72
(0.17)

2.1
0.53

1. In MG is the log of the consumption of motor gasoline and allied fuels In JF
is the log of the consumption of jet fuels and aviation gasoline.

2. Lag. Dep is a lagged dependent variable, PMG is the price of motor gasoline
and YT is transportation sector output.
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Table 12.3 Transportation Sector: Energy Consumption (Trillion BTU)

Year

1971
1986

1991
1996

2006

Total

596.1
981.1

1202.3
1357.3

1447.1

MG

493.2
870.3

1087.2
1241.3

1330.9

JF

102.9
110.8

115.1
116.0

116.2

Table 12.4 Transportation Sector: Share of Energy Consumption

Year Total MG JF

1971 596.1 82.7 17.3
1986 981.1 88.7 11.3

1991
. 1996

2006

1202.3
1357.3

1447.1

90.4
91.5

92.0

9.6
8.5

8.0

Table 12.5 Transportation Sector: Annual Growth Rate of
Energy Consumption

Period Total MG JF

1971-1986 3.3 3.8 0.5

1986 -1:9.91 4.1 4.5 0.8

1991-1996 2.4 2.7 0.2

1996-2006 0.6 0.7 0.0
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13. The Electric Utilities Sector

Description of the Data

The electric utility sector supplies about one-fourth of final energy
consumed in Florida, and its purchases of primary inputs represent an even larger
share of total BTU consumed in the state. .The historical and forecast input
shares were presented in Tables 7.2 and 7.5. Additional data used in making the
forecasts are presented in this section. Table 13.1 shows the weighted average
fossil fuel price: index and price indices for coal, natural gas, and petroleum'.
Relative prices are shown in Table 13.2. The price index increased five-fold
between 1971 and 1986, the pattern within the time period was very uneven, as
is seen in Table 13.3: two sets of major price shocks yielded average annual
increases of 3.1 percent between 1971 - 1981, but stability thereafter. During
this recent period of fossil fuel price stability, petroleum prices have fallen
dramatically, while natural gas prices have been rising. This pattern is also
clear from Table 13.2, where the relative price of each fossil fuel is presented
at five-year intervals. Note that in 1971, the price of each input relative to
the average price is near unity: .86, .96, and 1.09 for coal, natural gas, and
petroleum respectively. The relative price of coal and natural gas fall, so that
by 1981 the relative prices are .58, .51 and 1.38 respectively. With energy
decontrols the relative prices converged again by 1986.

This .historical pattern of divergence and convergence is important for the
modeling effort , since capacity adjustment lags (in response to long term
relative price changes) and the consequences of short,term overcapacity influence
the input consumption pattern. A dummy variable for 1974 - 1986 is introduced
in the coal and natural gas equations to capture the impacts of disequilibrium
prices and short-term capacity disequilibria. We turn to the full set of models
in the following sections.

Fossil Input Share Model for Electric Utilities

Forecasting input shares requires three steps:

1. Forec.asting total BTU of primary energy inputs (fossil, nuclear, and
interstate.

2. Subtracting nuclear and interstate, leaving basecase fossil BTU.

3. Estimating input shares for each of the fossil fuels (coal, natural gas,
and petroleum).

Table 13.4 shows the estimated equations used for forecasting the total and
shares, with alternative spec;ifications shown in Table 13.5. For the total, the
relationship between total and .final consumption is : TOTAL BTU - f (TOTAL
lAGGEn, FINAL ELECTRIC BTU), where the intercept is also significant (R2 - .97).
The equation has good explanatory power for forecasting purposes. We utilize
the forecasts of final electricity BTU (the sum of residential, commercial and
industrial consumption), discussed in Section 5. A fossil price index represents
input prices in an alternative specification. We would expect economizing
behavior vis a vis primary energy inputs as prices increased (substituting
capital for fuel -ego through improved heat rates). The sign is negative (as
expected) and significant. However, we use the simpler specification of table
13.4 in our forecasts.
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The three fossil share equations are estimated' using historical series on
shares -- using the logit model described earlier for allocating shares. The
estimated fossil fuel shares are derived from fundamental economic relationships,
where the use of shares, rather than levels, allows interrelationships among
inputs to be captured. With so. few years of data, this approach is preferred
to alternative specifications.

In general, the consumption of an input depends on the capac i ty mix and
relative input prices. We did not attempt to directly forecast the amounts of
various types of generating capacity, since this doubled the number of fossil
fuel equations and introduced a second source of error, which could be compounded
in the input equations. Rather, we utilized, the past period's share - - to serve
as a "reference point". The lagged share- . indicates. that. some weight ought to
be given to the previous period's input mix. In addition, the role of relative
prices is limited when other constraints are faced by utility decision-makers.

Note that the equations are not completely symmetrical. All prices are not
in each equation, nor is the role of nuclear similar for each input. The
explanatory power and theoretical consistency were best for the equations
presented. However, alternative specifications are presented in Table 13.5

For example, Ln SCI is the log transformation of the relative share of coal:

LnSCL - log ( SCL)
l-SCL

where SCL _ COAL BTU
FOSSIL BTU

The lagged value of LnSCL, the dependent variable, also appears as an explanatory
variable because we would not expect rapid shifts of input shares in response
to changing prices. As noted earlier, generating capacity has substantial
siting and construction lags.

The coal equation in Table 13.4 takes into account the own and cross input
price elasticities. As the relative price of coal (RPCL) goes up, coal use in
electri-c..ity production falls. As the relative price of natural gas (RPNG) goes
up, co~{use increases. As was noted earlier, the dummy is significant and has
a reasonable interpretation. Between 1974 and 1986, relatively more coal was
consume., than would have been predicated just on the basis of relative prices.
For example, government regulations were pushing substitution out of petroleum
(after having encouraged_"clean" low sulfur petroleum use in the late 1960s).
In addition, natural gas was not available (because of its controlled price) or
its use was limited by regulatory authorities for portions of this period.

For forecasting purposes , we reduce the dummy from 1 toO in equal decrements
over the 1987 - 1991 period. This treatment is ad hoc, but "it works." We do
not know how else to recognize that the energy input- markets are now clearing
and that capacities will be near equilibrium levels by the mid 1990s.
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Note that an alternative specification drops the Disequilibrium Dummy, and
uses the level of nuclear as an explanatory variable for coal's relative share.
However, the coefficient on nuclear is not significant. In that formulation,
the weight given lagged consumption is greater, and the overall explanatory
power slightly less than in the specification used for forecasting. This area
invites further work.

Natural Gas

The share of natural gas equation does not fit the historical data a5~,:well

as does the coal equation. The problems of using natural gas prices havE!ii'xbeen
noted at several points in this report. Nevertheless, the equation from Table
13.4 has an adjusted R square of. 7 . The coefficient of 1.25 on the lagged
dependent variable suggest a potentially explosive model. The own-price
coefficient is negative and significant. Also, as higher levels of output from
base-load nuclear capacity occurred between 1971 and 1986, more natural gas was
consumed: implying complementarily in production. This reflected natural gas
used for peaking purposes as petroleum capacity was not utilized during peak
periods. The constant level of nuclear projected for the future implies growth
in natural gas would not reflect additional complementarities with nuclear.

The Disequilibrium Dummy is negative and significant indicating that
consumption was less than would be otherwise predicated by relative prices.

An alternative specification reported in Table 13.5 does not ha~e the
explosive feature. The coefficient on the lagged dependent variable is .53 (vs
1.25). However, the own-price response is omitted and the relative price of
the substitute (petroleum) is not significant; nor is nuclear significant. Since
the explanatory power drops from .70 to .60, this specification was not used in
the forecasts.

Petroleum

The petroleum equation from Table 13.4 has explanatory power between that
fqr coal and natural gas. The relative price of petroleum has high significance.
Base load nuclear was a substitute for petroleum, so the coefficient on nuclear
BTU is negative (and significant). The Disequilibrium Dummy was significant in
an alternative specification (see Table 13.5) yielding even higher explanatory
power. However. the forecasts using this specification have petroleum dropping
to near zero share once the dummy is removed. This implausible outcome caused
us to reJect this alternative specIfication. Thus,theforecasts reported in
Section 7 .are based on the equations from Table 13~4~Note"that,the"price index
is based on the previous period's consumption shares - - allowing us to avoid some
simultaneity problems.
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Interstate Electricity Purchases

We did not attempt to model interstate electricity purchase, although future
work could analyze interstate electricity (interchange) in more detail. This
supplying sector depends on relative input prices. in Florida and availability
of "coal by wire" from Georgia and other Southeastern states. It is not an easy
sector to model. For example, the Florida Coordinating Group's 1986 Annual
Planning Hearing 20 Year Plan forecasts interchange at around 4 percent of
delivered electric energy for the rest of the 1980s, doubling to 8.8 percent in
1995, and falling to about 5 percentln1997. Two years later, the FCG/s 1989
Planning Hearing 20 Year Plan showed the actuals in 1986 and 1987 as 11.3 and
15.3 percent, respectively. Shares of 12 to 13 percent were projected through
the mid 1990s ~ Such fluctuating forecasts coming from within the industry
reflect how changing prices affect the utilization of Florida's present
generating mix. Instead.of attempting to estimate a detailed state expansion
planning model, we decided to adopt the FCG's most recent forecast, recognizing
that deviations from the base case for energy prices could greatly affect the
final mix -- whether based on input BTUs or delivered KWH.

Nuclear

We assumed zero-growth for nuclear. During the next decade, no new nuclear
capacity will go on-line. Depending on scheduled shutdowns (for refueling,
maintenance) and unscheduled shutdowns (eg. to accomplish modifications mandated
by the Nuclear Regulatory Commission), the base-load contribution from nuclear
should re.main relatively steady. Beyond 2000, additional nuclear capacity could
come on-line, increasing the importance of this energy source, but we assume not
due to the political climate.

Since the fossil fuel forecasts are for shares, if policy analysts obtained
new information, indicating that a nuclear plan was going on-line in 2001, then
the overall mix could be modified. The no new nuclear scenario represents the
most likely development for the foreseeable future, although concerns over acid
rain or the Greenhouse Effect could quickly alter the political and regulatory
climate.

Cogeneration

One category is not forecast here: cogeneration. The FCG projects this
category to grow to be 3.8 percent of Florida's supply by 1995. Because our
historical data base has no significant cogeneration component, factoring this
into our model is problematic. Some of the industrial demand for electricity
can hemet via cogeneration. Since a key fuel for many such units will be
natural gas, we interpret the share of natural gas in the .energy-source equation
as reflecting the potential for cogeneration. But we do not attempt to attribute
it directly to non-utility suppliers. Similarly, part of the industrial demand
for nonrenewables could increase under a high cogeneration scenario.

However, we have not attempted to factor in such potential developments.
Future institutional arrangements are somewhat unsure. -For example, what will
access to transmission lines be like? And will independent power pr.oducers
comprise a significant source in the future?
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Comparisons with other forecasts

The Florida Electric Power Coordinating Group prepares twenty-year plans
for the peninsular Florida. The FCG integrates the forecasts of individual
utilities, documents the underlying assumptions for each utility, and develops
consistent forecast of key variables thus avoiding double-counting for
territories which may be in dispute. Their detailed engineering-economic
forecasts are based on detailed simulations of unit commitment, fuel-switching,
maintenance, and interchange contracts, but certainly, any sharp divet~~nces

between our results and theirs need to be carefully examined. ~'"

Since the FCG forecasts are KWH by capacity-type rather than by BTU &hput,
data reconciliation is necessary for future comparisons. A highly aggregated
approach such as that adopted here can miss key engineering constraints.
Similarly, the use of BTUs rather than KWH may confound some relationships.
Nevertheless, the models do capture some structural features of the electricity
sector. It would be interesting to compare the performance of this type of top
down modeling effort with the more traditional industry bottoms-up approach.
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Table 13.1 Electricity Utilities Sector: Fossil Fuel Price Indices

Year Price Index Coal Nat. Gas Petroleum

1971 .39 0.34 0.38 0.34
1986 2.01 1.93 2.08 . 2.18
1991 2.12 1.58 2.56 3.04
1996 2.71 1.75 3.55 3.98
2006 4.71 2.11 6.03 6.54

Table 13.2 Electric Utilities Sector: Relative Prices of Fossil Fuels
(Pi/P-index)

Year Coal Nat. Gas Petroleum

1971 0.86 0.96 1.09
1976 0.75 0.43 1.25
1981 0.58 0.51 1.38
1986 0.96 1.03 1.08
1991 0.74 1.20 1.43
1996 0.64 1.31 1.47
2006 0.45 1.28 1.39

Note: Share of Fossil i-Wi
gas and petroleum

Qi
- DQi' Qi - BTU coal, natural

Price Index - LPi Wi (t-1), previous period's weights

Relative Price - PilPrice Index

Table 13.3 Electric Utilities Sector: Annual Growth of Fossil Fuel Prices

Year Price Index Coal Nat. Gas Petroleum

1971-1981 21.80 17.77 15.39 24.15
1981-1986 11.02 -0.81 3.23 -15.83

1971-1986 10.86 11.57 11.33 10.82
1986-1991 1.11 -4.00 4.15 6.65
1991-1996 4.83 2.00 6.53 5.37
1996-2006 5.53 1.87 5.30 4.97
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Table 13.4 Electric Utilities Sector: Estimated Model

Total
Dependent Variables
Ln SCL Ln SNG Ln SPT

Lag Dep.

Ln RPCL

Ln RPNG

Ln RPPT

Nuclear

Dummy

Elec. Cons.

.44
( .12)

1.30
( .33)

.49
( .16)

- .90
( .27)

1.06
( .25)

.53
( .20)

1.25
( .33)

- .68
( .29)

.004
( .002)

- .62
( .24)

.85
( .13)

-1.47
( .80)

- .002
( .001)

Constant 166.32
(40.35)

Adjusted R:2 .97
Durbin-Watson
Durbin h 1.55

- .71
( .21)

.96

.92

- .17
( .23)

.70
1.64

*

.53
( .17)

.85

1.23

*The Durbin-h cannot be calculated, since the variance of the
coefficient estimate for the lagged dependent variable times the
number of observations is greater than unity.

67



Table 13.5 Electric Utilities Sector: Alternative Model

Dependent Variables (Fossil share)
Total Ln SCL Ln SNG Ln SPT

Lag Dep. .61 .61 .53 .72
( .17) ( .12) ( .20) ( .08)

Ln RPCL - .88
( .28)

Ln RPNG .62
( .15)

Ln RPPT .55 -2.67
( .47) ( .56)

Nuclear .001 .001 - .004
( .001) ( .001) ( .001)

Dummy ('74-86) - .27 .83
( .18) ( .18)

p- Index -19.08
(13.86)

Elec. Cons. 1.17
( .33)

Constant 93.98
(65.47)

Adjusted R:2 .97
Durbin-H .71

- .62
( .18)

.95

.75

- .68
( .20)

.60
- .03

.55
( .10)

.94
1.03

P Inde~£~,- ~ Pi Si (t-1), prices weighted by previous period shares

RPI -~/Pindex, relative price of input I

Note that nuclear and interstate sales are subtracted from the total in the
fossil shares equation.
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14. Recommendations for Future Research

Any large scale study will have gaps that become visible upon its
"completion." In addition, studies often identify areas warranting additional
analyses: in the tradition of research, answers beget questions. The questions
fell into two broad areas: those related to technical issues and those related
to policy issues. Improved understanding of both areas is important if the state
of Florida and the nation as a whole are to utilize energy resources efficiently.
Public and private responses in crisis situations tend to be based on shox+ term
impacts, and our record to date does not inspire confidence (Rosenbaum, 1987 and
Pirog and Stames, 1987). Nevertheless, it is important that decision-makers have·
an improved understanding of the fundamental forces affecting energy consumption:
changes in the growth and patterns of final demands (due to sectoral shifts and
household formation) and changes in relative energy prices.

Future research could be directed towards a number of issues, in particular,
the estimated elasticities are key determinants of the consumption forecasts.
With some additional work, it would be possible to improve one's confidence in
these estimates.

1) We could incorporate some engineering parameters into the estimation of
the price elasticities. A study by Kahn, Sathaye and Robbins (1986) found
that using information on appliance stocks and changes in appliance
efficiency yielded lower estimates of demand elasticities. than other
studies.

2) The price elasticities were estimated over a sample period during which
two sharp price increases dampened energy consumption. Would a sharp price
decrease raise energy consumption by the same proportion? Our model
assumes that the answer is yes, but, in reality, there may be asymmetric
responses to price changes. Young, Stevens and Willis (1983) argue that
increased electricity consumption in response to falling real prices would
not be symmetrically reversed by rising real prices. Towards the end of
our sample period, energy prices began to decline. A few additional data
points may make it possible to incorporate asymmetric responses to price
changes in our model. For example, Loungani (1988) traces the asymmetric
response of macroeconomic variables to oil price changes. In addition,
the substitutability of electricity and natural gas needs to be further
examined, since the price and availability data for gas used in this study
are problematic.

3) Price and scale elasticities of gasoline demand are particularly important
in determining the total energy consumption forecasts .. Data on motor fuels
consumption is available from 1955 onwards from the Florida Statistical
Abstract published by theBEBR.Thesedatacanbe combined with data on
motor fuels prices and transportation output (also available from the
BEBR). With a small amount of additional work, it would be possible to
estimate a more reliable gasoline demand model by using these longer time
series. Another extension would be to estimate the price and scale
elasticities from a cross-section regression using gasoline consumption,
income and transportation price data on different counties in Florida.
(This information is contained in various tables in the Florida
Statistical Abstract.)
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In addition, integration of energy sectors into the Florida Econometric Model
would permit analyses of energy-economy feedbacks. Here, we assume that output,
income, and population growth are exogenous determinants of energy consumption.
However, future price shocks could affect regional economic activity--so a more
comprehensive model would be useful. Similarly, unavailability of particular
energy sources due to public policy or national and international disruptions
would affect consumption via changes in other variables. The research agenda
grows.
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Appendix A
1/13/89

FLORIDA HOUSEHOLD PROJECTIONS

BY STANLEY SMITH

Projections of the number of households were made by applying "householder
rates" to projections of the Florida population by age and sex. A householder
rate is the ratio of householders to population within a given age-sex cate'gory.
The householder (formerly called "head of household") is the reference person
in the household.

Hard data on the number of householders by age and sex are available only
through the decennial census of population and housing. For this project, data
on householders and total population were collected from the 1960, 1970 and 1980
censuses. Householder rates by five-year age group were calculated for males and
females for each of these three years. Two alternate approaches were used in
applying these rates. The first used 1980 rates as a forecast of future rates
and the second used a linear extrapolation of the 1960-1980 trend in householder
rates.

The population projections used for this proj ect were those produced by
the Bureau of Economic and Business Research (BEBR) at the University of Florida.
Three sets of projections were used, based on different assumptions regarding
migration into the state of Florida. The application of two sets of householder
rates to three sets of population projections yielded six sets of household
projections

Scenario
1
2
3
4
5
6

Population Series
Low
Medium
High
Low
Medium
High

Householder Rates
Constant 1980
Constant 1980
Constant 1980
Extrapolated Trend
Extrapolated Trend
Extrapolated Trend

Householder rates did not change substantially for young and middle-aged
males between 1960 and 1980, but rose substantially for older males and for
females of all ages. These increases were caused primarily by declining marriage
rates, increasing divorce rates and the growing tendency for elderly adults to
maintain their own households. As a result of these increases, the extrapolated
trends in householder rates yield higher projections of households than do the
use of constant 1980 rates. The household projections for 1990, 2000 and 2010
are shown in Table A.1.

Based on historical trends in Florida migration, the research team believes
that the medium population projection is likely to be more accurate than either
the high or the low projection. Also, 1980 householder rates provide a better
forecast of future rates than does the extrapolation of 1960-1980 trends because
of a slowdown or reversal since 1980 in several of these trends. Scenario 2 is
therefore the most likely one, in our opinion. (It should be noted that the
Scenario 2 projections fit very closely with the most recent set of household
estimates published by the BEBR.)
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Table A.2 shows household proj ections for 1991, 1996 and 2006, with
scenarios 1, 2 and 3 shown as low, medium and high, respectively. (The number
of households in 1986 was 4,612,822.)
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Table A.1 Projections of Households: Alternative Scenarios

Scenario 1990 2000 2010

1 5,165,985 5,836,454 6,500,729
2 5,258,445 6,420,512 7,498,609
3 5,402,466 6,995,335 8,472,064
4 5,402,024 6,373,785 7,369,914
5 5,495,209 6,998,427 8,485,550
6 5,646,571 7,626,394 9,585,690

Average 5,395,117 6,708,485 7,985,426

Table A.2 Projections of Households: Final

Series

Low
Medium
High

1991

5,233,032
5,374,652
5,561,753

1996

5,568,266
5,955,685
6,358,187

2006

6,235,019
7,067,370
7,881,372

Notes Low, medium and high projections refer to Scenarios
1, 2 and 3, respectively. Projections for 1991, 1996
and 2006 are linear interpolations between projections
for 1990, 2000 and 2010.
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Appendix B
1/13/89

EMPLOYMENT AND GROSS STATE .PRODUCT FORECASTS

by Carol Taylor West

1. The long-run Florida econometric forecasting model

Projections of employment and gross state product are based on the Bureau
of Economic and Business Research annual econometric model developed for
long-run forecasting of the Florida economy. Model specification largely
follows previous regional econometric modeling work of Dr. Carol Taylor West
[Taylor, Denzau and Oaxaca (1979), Taylor and Charney (1981), Taylor (1982),
Charney and Taylor (1986)]. Specification varies from this earlier work in four
respects .

First, as a result of Dr. Stanley Smith's Popu1ation~rogram at the Bureau
of Economic and Business Research, more detailed historr'ca1 and forecast data
on age disaggregation of the population is available for Florida compared with
other regions. These have been used to improve model specification in the
especially age-sensitive sectors. In particular, demand for medical services
(representing approximately one quarter of total services in Florida) is
specified using real per capita income and age subgroups weighted by their
relative health care expenditures, the latter being derived from Fisher (1980)
and Waldo and Lazenby (19.84). Previous work used only total population, real
per capita income and, depending on the time period of estimation, a dummy
variable for the advent of Medicare. Similarly, labor force participation
estimation disaggregates teenage population, prime working age population
(20-54), population 55-64 and population 65+. Analysis of census data indicates
that Florida trends in labor force participation by age component parallel
national ones, but the levels of participation differ." Consequently, annual
national trends applied to Florida levels are used to generate a trend
"demographically determined" labor force which is used as an independent
variable in determination of aggregate state labor force participation.
Similarly, age distribution variables impact transfer payments (through Medicare
payments and Social Security benefits), government employment (through changes
in pri~ary and secondary schooi age population), and property income (through
1ife-cye1e interest earnings effects) .

.;,:tt\.~

Second, model structure incorporates some of the more recent regional
economics research in linking input-output modeling with econometric modeling
[e.g. Bourque, Conway and Howard (1977), Treyz, et.al. (1980), Richardson
(1985) and Taylor, Charney and Oxford (1988)]. Using coefficients derived from
input-output models is a potential way of alleviating the extreme
mu1tico11ineary problems which plague estimation of sectors whose output demand
is driven by a large number of often highly correlated industries and/or by
highly correlated state industry activity and househo1daJncome. Input-output
derived weights were used in estimation of wholesale trade, printing and
publishing and business services.
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Third, the Bureau of Economic and Business Research has complete historical
F.W. Dodge construction awards data for Florida and all counties of Florida,
a data set not typically available to regional modelers. These data, which
measure nonresidential building and nonbuilding construction activity as well
as residential building, permit more accurate specification of construction
employment than is typically feasible when only housing starts and/or housing
permits series are available. The present. model estimates single-family and
multifamily residential units, the real value of residential building awards,
nonresidential building awards and nonbuilding construction awards. The three
components are aggregated using u.s. Bureau of Labor Statistics estimates of
employment per real dollar of award by major category to derive a single,.,Q,.y.tput
driver for construction employment estimation.'""'·'"

Finally, earlier econometric modeling work cited above includes endogenous
econometric estimation of resource-base industries. Such approaches are
inappropriate for both Florida's maj or resource indus tries, citrus and
phosphate. The state's annual citrus production is a function of primarily two
factors, the stock of mature citrus-bearing trees and short-term meteorological
conditions. Little can be projected about the latter beyond assuming that
"typical" conditions will prevail. Given the many years it takes to develop
a mature citrus tree, current stock can be detet;mined best by inventory and
future stocks can be forecast based on known seedling plantings. This
methodology of using current tree ,inventory and projected inventory based on
plantings is the procedure used by the State Department of Citrus to project
production and these projections are exogenously used in the current 'model.

The impending mine exhaustion in central Florida phosphate renders
historically-based econometric estimation techniques inappropriate for this
sector. Using a combination of studies which analyze the long-run potential
production, an exogenous projected series for phosphate production was
determined. This procedure is discussed in more detail below in Section 3.

Major endogenous variables of the long-run Florida econometric model are
listed in Table 1. Tables 2 through 4 summarize model test results. After
completion of the basic model, data on Florida gross state product (GSP) by
industry were released by the U. S. Department of Commerce. These data
permitted augmentation of the core model to include gross production measures
as well as more traditional employment, income and population components. 1 Real
gross state product by industry is specified as a function of deflated earnings,
an output demand measure such as the input-output determined demand variable
discussed above or a more general demand determinant (e.g. real state personal
income in the case of retail trade or real federal defense expenditures in the
case of military gross state product) and sector-specific price series relative
to the aggregate GNP deflator.

'Gross state product estimates have been used for over two decades by regional modelers. However, previous
att~ts to construct the series have rel ied on the questionable Kendrick and Jaycox (1965) method which
essentially Ilblowsupll regional earnings data, assuning each state's share of national gross domestic p.roduct
by industry is equal to its share of earnings. The recent Conmerce Department data uses additional sources to
independently estimate state industry indirect business tax nontax liabil ity and capital charges (Renshaw, Trott
and Friedenberg, 1988).
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RF, 2006 - RF, 2000 +

2. Foreca~ts for the years 1991 and 1996

The current baseline solution of model uses exogenous national variable
forecasts from the Data Resources, Inc. September, 1988 trendlong simulation.
Florida economic data are forecast annually from 1988 through 2000. Since
Department of Commerce data on gross state product are currently available only
through 1986, there is additionally one year of "forecast history," 1987, for
these variables.

Population and household proj ections provided to the energy modeling
project by Dr. Smith do not exactly match population figures in the baseline
solution for the years 1991 and 1996, with the baseline population solution
being 0.72 percent higher in 1991 and 1.15 percent higher in 1996. The
econometric model forecast is marginally below Dr. Smith's year 2000
projections, two-tenths of one percent less.

Phase one of preparing the economic forecast for the modeling project was
to marginally adjust baseline forecasts for 1991 and 1996 to reflect Dr. Smith's
slightly lower population projections. Phase two was 'extrapolation to project
year 2006 estimates.

,
In both phases, purely export-base sectors of Florida's economy were

distinguished and treated separately from other sectors. These export-base
industri~s ~re ones which essentially sell to national and/or international
markets and whose activity levels are largely independent of the
demographic/income expansion of the State of Florida. Export-base sectors were
defined to include phosphate mining and the following manufacturing industries:
machinery, electrical and nonelectrical (SICs 35 and 36); transportation
equipment (SIC 37); instruments (SIC 38); citrus processing (SIC 203); tobacco
(SIC 21); apparel (SIC 23); paper and allied products (SIC 26); chemicals (SIC
28).

In Phase l,baseline employment forecasts for export-base industries were
unchanged. All other employment components (and real gross state product in
transportation) were multiplied by 0.992836 for the year 1991 and 0.988642 for
the year 1996, reflecting ratios of Dr. Smith's population estimates to the
baseline econometric model estimate.

3. Extrapolation to the year 2006

f"or",Phase 2, extrapolation to the year 2006,' a total employment forecast
was de'rived from Dr. Smith's year 2006 population estimate and a projection of
the e~plgyment to population ratio for that year. The latter was derived as

(Ru, 2006-Ru, 2000)

(Ru, 2000-Ru, 1990)

where R denotes employment to population ratio, subscript F denotes Florida,
subscript U denotes U.S. and integer subscripts are dates. The basis for the
extrapolation procedure is the long-run correlation be·tween U. S. and Florida
trends in this ratio (although Florida's remains absolutely lower). U. S.
proj ections are from a special June, 1988 Data Resources, Inc. national
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simulation to the year 2013. 2

Multiplying the projected employment to population ratio by Dr. Smith's
2006 p~pu1ation estimate yielded forecast employment of 7,622,480.

Total employment was disaggregated into industries in two steps: (1)
separate estimation of phosphate mining, export-base manufacturing, construction
and construction-related mining; (2) estimation of the share each other industry
accounts for in total employment net of the sectors covered in step;"l) .. and
multiplication of projected share by total employment minus the estimateg'for
industries covered in step (1). ..,,'"

These steps are detailed below:

(A) Phosphate mining: In the baseline solution of the Florida
econometric model, phosphate production is treated exogenously since
impending mine exhaustion in the Central Florida Bone Valley
Formation renders econometric estimation methods inappropriate in
this situation. There was substantial agreement between U. S. Bureau
of Mines projections for Florida phosphate production for the year
2000 (Stowasser, 1985) and the estimate obtained under price scenario
A with a 10 percent severance tax in Taylor, Charney and Oxford
(1988). Consequently, the, baseline .phosphate production was

. estimated as the Bureau of Mines value in the year 2000 (23.9 million
metric tons) with the annual time path of production derived from
the annual estimates in the simulation of the Taylor, Charney and
Oxford model. The latter extends to the year 2005 and the downward
trend from 2002 to 2005 was extrapolated to obtain the 2006
production value of 14.9 million short-tons. Relatively little
growth in output per employee in phosphate mining is anticipated in
the next decade, primarily because the industry starts from a
depressed current situation in which all "excess" labor has been
pared from the employment force and no maj or changes in the
technology of mining Florida phosphates are forecast. Allowing 0.35
percent per year growth output per employee (the average estimate
in the baseline for 1990 through 2000), proj ected output per employee
was obtained for 2006. Combining the latter with the output
projection yielded a point employment estimate for 2006.

(B) Export-base manufacturing sectors: these were
the long-run annual trend rate implied by
baseline econometric model simulation.

projected to grow at
1990 to 2000 in the

(C) Construction and construction-related mining: Although construction
components are not export-base, they were treated separately from
other local-serving sectors. While the long-run baseline .simulation
is a "trend" simulation, it starts from the current short-run outlook
and consequently contains mild construction cycles as the present
contraction is completed, construction recovers in the' early part l

2While it would have been feasible to obtain all national exogenous variables from that June twenty-five
year silllJlationand run the Florida Model amuallyout to 2006, this course was not taken primarily because the
substantial cost (approximately $1,500) would gain little in accuracy for extrapolation to the year 2006 and
it would introduce divergence in the outlook for 1991 from national forecasts currently used by other state
government units for forecasting.
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(D)

of the next decade, and then peaks and slows again. Thus,
construction's share of employment varies cyclically over the
forecast to the year 2000 and share-of-emp1oyment analysis tends to
be influenced by particular years selected for comparison. For
extrapolation to the year 2006, it was assumed that the average 1995
to 2000 ratio of construction employment to Florida households would
characterize the year 2006. Construction-driven mining employment
was forecast using the ratio of its year 2000 employment to that of
construction, 1.25 percent.

Other industries: Employment shares of other industries shift
gradually over time with the stronger labor productivity growth
sectors of manufacturing and transportation/communication/public
utilities tending to decline in share while trade, services and
finance/insurance/real estate rise and the government sector follows
long-run demographic trends in the population of primary and
seconda.ry school age children. Projections of industrial employment
shares to the year 2006 are extensions of the trends forecast for
the decade 1990 to 2000. The change in share from 2000 to 2006 is
estimated as

.~.:..•....

·~I

•
65 i ,2006 - 65 i ,2000+ F(1,2)(65 i ,2000 - 65 i ,1995)

where 65i, 2006 - change in industry i' s employment share from 2000 to 2006,
DS!,2000 - change in ~ndustry i' s employment share from 1995 to 2000 and

65~,1995 _ change in industry i's employment share from 1990 to 1995. Industry
shares calculated are those for manufacturing net of pure export-base
manufacturing, transportation/communication/public utilities, wholesale trade,
retail trade, finance/insurance/real estate, services and government. These
shares were measured relative to the aggregate of these· industries and not total
employment.

Little long-run trend characterizes per capita real gross state product
in transportation. The forecast year 2000 value of 0.451 (millions of $1982
per 1,000 population) is similar to the value typifying Florida data two decades
ago. Consequently, this ratio was used in conj unction with the population
projection to estimate year 2006 real gross state output in transportation.

F~nal forecasts are shown in Table 5.
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Table 1. Major Endogenous Variables of the Florida
Econometric Model for Long-Run Forecasting*

1986 value

5,267.3
4,599.4

866.0
9.3
4.1
5.2

339.5
517.2
312.9
65.0
44.1
76.0
62.1
14.8
50.8

204.3
47.9
11.3
36.6
1.6

31.9
14.4
60.8
24.1
23.6

3,733.4
247.4

1,238.8
251.6
987.2

90.8
291.6
164.1
108.8
332.0
339.7

1,205.6
116.9
241.6
313.3
533.8
701.9

•

Employment (l,OOOs)
Employment force
Total nonagricultural employment

Goods producing employment
Mining

Phosphate mining
Other mining

Construction
Manufacturing

Durable goods
Construction-related (SICs 24 + 25 + 32)
Nonelectrical machinery (SIC 35)
Electrical machinery (SIC 36)
Transportation equipment (SIC 37)
Instruments (SIC 38)
Other durables

Nondurable goods
Food processing (SIC 20)

Processing of fresh fruit and vegetables (SIC 203)
Other food processing

Tobacco (SIC 21)
Apparel (SIC 23)
Paper and allied products (SIC 26)
Printing and publishing (SIC 27)
Chemicals (SIC 28)
Other nondurables

Service producing employment
Transportation, communication, public utilities
Trade

Wholesale trade
Retail trade

Construction~related (SICs 52 + 57)
General merchandise and apparel (SICs 53 + 56 + 59)
Grocery stores (SIC 54)
Automotive dealers and gasoline stations (SIC 55)
Restaurants and bars (SIC 58)

Finance, insurance, real estate
Services

Hotel and motel
Business services
Medical Services
Other

Government

Population (July 1, 1,OOOs)
Total

<5 years old
5-14 years old
15-19 years old

11,747.3
790.1

1,415.6
791.9
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Table 1. Major Endogenous Variables of the Florida
Econometric Hodel for Long-Run Forecasting*

(continued)

Population (July 1, 1,000s) (continued)
20-39 years old
40-54 years old
55-64 years old
65-74 years old
75+ years old

Net migration (July 1, t-1 to June 30, t, 1,000s)

Personal income ($ billions)
Total earnings

Mining
Construction
Durable manufacturing
Nondurable manufacturing
Transportation, communication, public utilities
Wholesale trade
Retail trade
Finance, insurance, real estate'
Services
Government

Civilian
Military

Other
Resident adjustment to earnings
Personal contributions to social insurance
Transfer payments
Dividends, interest, rent

Labor market variables
Unemployment rate (percent)
Labor force participation rate (percent)**
Labor force (l,OOOs)

Construction sector variables
Housing starts (l,OOOs)

Single-family units
Multifamily units

Construction awards ($ billions)
Residential
Nonresidential
Nonbui1ding

Real gross state product (billions of $1982)
Agriculture, forestry and fisheries

Farms
Agricultural services

Mining
Construction

83

1986 value

3,523.1
1,813.7
1,.319.2
1 ;247.9

845.9
322.3

170.8
107.4

0.8
8.7
8.2
4.5
7.7
6.6

13.6
8.7

28.4
17.0
14.6

2.4
3.2

-0.1
6.1

27.8
41.8

5.7
47.6

5,587.3

204.2
101.9
102.3
17.9
10.2

6.0
1.7

152.3
4.7
3.6
1.2
1.7

11.0



Table 1. Hajor Endogenous Variables of the Florida
Econometric Hodel for Long-Run Forecasting*

(continued)

Real gross state product (billions of $198) .(continued)
Manufacturing
Transportation, communication, public utilities

Transportation
Wholesale trade
Retail trade
Finance, insurance, real estate
Services
Government

Civilian
Military

*Entries may not add due to rounding.
**Measured as labor force relative to total popu1a·tion ."fi-

ii.
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1986 value

19.0
13.8

5.0
12.1
19.1
26.2
27.9
16.9
14.0

2.9
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Table 2. - Historical Simulation Test Results Florida,
. 1973-1985: Mean Absolute Percent Errors (HAPE)

Population
Personal income
Real per capita income
Employment to population ratio
Nonagricultural wage and salary

f!q)loyment
Goods-producing
Service-producing

Housing starts
Real construction awards

1973-1985

0.23
0.56
0.59
0.81

. 0.79
2.58
0.61
6.63
6.01

MAPE
1973-1978

0.25
0.60
0.58
0.76

0.77
3.54
0.47
7.48
7.08

1979-1985

0.22
0.53
0.59
0.86

0.80
1.76
0.74
5.91
5.09

MAPE 1973-1985
econometric model relative to:
Trend Trend Auto
model model ~ive

1~ 2Q/ model£!

0.19 0.19 0:24
0.28 NC 0~19

0.23 NC 0.21
0.22 0.05 O~.'25

0.23 0.05 0.20
0.22 0.09 0.38
0.37 0.06 0.16
0.03 NC 0.29
0.06 NC 0.47

Notes: NC Indicates insufficient data to calculate statistics.

N
MAPE -.1:~(Pi-ai)/ail*100/N. where p is predicted level and a is actual level.

1-1

Actual values of endogenous variables 1968-1972 were used as initial
conditions. Values of all endogenous variables 1973-1985 were determined by the
model. Actual values of exogenous variables 1968-1985 were used.

The naive models (trend model 1, trend model 2, and the autoregressive
model) have separate equations for population, real personal income,
goods-producing employment, services-producing employment, housing starts ,and
real construction awards. Real per capita income, the employment to population
ratio, and total nonagricultural wage and salary employment are derived from
forecasts of the former variables. Price deflators are exogenous.

~Trend model 1 predicts each year's percent change is equal to the average
annual percent change which actually occurred over the years 1973-1985.

1985
Pt - 1/13 1: Ai

i-1973

Q/Trend model 2 predicts each year's percent change is equal to the average
annual percent change which occurred over the years 1963-1972.

1972
Pt - 1/10 1: Ai

i-1963

£!The autoregressive model contains four lagged dependent variables,
constant and a trend variable.
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Table 3. - HistQrical Simulation Test Results Florida,
1973-1985: Theil U Statistics

Note: The predicted percent change is «Pt/pt_,)-1)*100, where p is the level
predicted by the model.
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Table 4. - Historical Simulation Test Results
Florida, 1973-1985

Multiplier Test

Nonagricultural wage and
salary employment multiplier for
increase in SIC 36 employment

Year

1973
1974
1975
1976
1977

1978
1979
1980
1981
1982

1983
1984
1985

-Impact Long-term
(a) (b)

1.799 1.799
0.442 2.227
0.258 2.414
0.071 2.428
0.042 2.487

0.021 2.578
0.016 2.646
0.008 2.686
0.003 2.718
0.001 2.720

-0.001 2.813
-0.006 2.953
-0.006 3.043

Note: Baseline employment is the level determined by a dynamic simulation
of the model. Column (a) is based on a simulation in which SIC 36 employment
is 2,000 jobs higher in 1973 than the baseline level and equal to the baseline
level in 1974-1985. Column (b) is based on a simulation in which SIC 36
employment is 2,000 jobs higher than the baseline level in each year 1973 -1985.
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Table 5. Projections

Employment
(l,OOOs)

Total

Mining
Construction
Manufacturing
Transportation/communication/

public utilities
Wholesale trade
Retail trade
Finance/insurance/real estate
Services
Government

01~,;;:j
1991 1996 2006

g5,482.25 6,175.57 7,622.48 .-
:-~~'

9.53 8.14 7.34
344.19 390.11 450.23 I:\~562.15 602.72 683.75 ,~>i; '.

273.41 289.05 297.94
299.89 335.51 416.14

1,192.82 1,347.97 1,712.35
406.60 465.02 584.68

1,565.54 ~,805.99 2,341.62
828.14 ~ 931.06 1,128.43j

1991

5,964

Real Gross State Product in Transportation
(millions of $1982)

1996

6,688
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Appendix C

Explanation of Methodology Used in
Calculating Forecasted Prices and

Listing of Exogenous Variables

As stated in the main text, we made two adjustments to the ElA forecasts.
The first adjustment was to shift the base year to 1985. To take an example,
consider the forecasted price of natural gas in the residential sector fo~f987.
On p. 35 of the ElA document (Table A3) this number is 5.44. We divided this by
1.057 (because the GNP deflator was 1.175 in 1987 and 1.112 in 1985); this gives
us 5.15, which is the number we used. The other numbers were also adjusted in
a similar fashion. (All the numbers we use are from Table A3, B3 and C3 of the
ElA document.)

The second adjustment we made was to assume that the forecasted annual
percent growth for the period 1990 to 2000 (reported in the second column from
the right in Tables A3, B3 and C3 in the ElA document) would also hold for the
period 2001 to 2006.

A complete listing of all the exogenous variables used in given below.

RNGP1
RNGP2
RNGP3
RPTP1
RPTP2
RPTP3
RESP1
RESP2
RESP3
CNGP1
CNGP2
CNGP3
CPTP1
CPTP2
CPTP3
CESP1
CESP2
CESP3
lCLP1
lCLP2
lCLP3
lNGP1
lNGP2
lNGP3
lPTP1
lPTP2
lPTP3
lESP1
lESP2
TESP3

residential natural gas price (Base Case)
residential natural gas price (Low Price Case)
residential natural gas price (High Price Case)
residential petroleum price (Base Case)
residential petroleum price (Low Price Case)
residential petroleum price (High Price Case)
residential electricity price (Base Case)
residential electricity price (Low Price Case)
residential electricity price (High Price Case)
commercial natural gas price (Base Case)

- commercial natural gas price (Low Price Case)
commercial natural gas price (High Price Case)
commercial petroleum price (Base Case)
commercial petroleum price (Low Price Case)
commercial petroleum price (High Price Case)
commercial electricity price (Base Case)
commercial electricity price (Low Price Case)
commercial electricity price (High Price Case)
industrial coal price (Base Case)
industrial coal price {Low Price Case)
industrial coal price (High Price Case)
industrial natural gas price (Base Case)
industrial natural gas price (Low Price Case)
industrial natural gas price (High Price Case)
industrial petroleum price (Base Case)
industrial petroleum price (Low Price Case)
industrial petroleum price (High Price Case)
industrial electricity price (Base Case)
industrial electricity price (Low Price Case)
industrial electricity price (High Price Case)
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and allied fuels price

and allied fuels price

Iand allied fuels price

TMGPI - (transportation) motor gasoline and allied fuels price
(Base Case)

TMGP2 (transportation) motor gasoline and allied fuels price
(Low Price Case)

TMGP3 (transportation) motor gasoline and allied fuels price
(High Price Case)

TJFPl (transportation) jet fuel
(Base Case)

TJFP2 (transportation) jet fuel
(Low Price Case)

TJFP3 - (transportation) jet fuel
(High Price Case)

HHDI - number of households (medium forecast)
HHD2 - number of households (low forecast)
HHD3 number of households (high forecast)
P GNP Deflator
CEMP - Commercial Sector Employment
YT - Transportation Sector Output
IEMP Industrial Sector Employment
YI Industrial Sector Output
WOOD - Output in the lumber, wood products, and pulp and paper industries
POP - Population (Florida)

90

i..]



"".

YEAR RNGP1 RNGP2 RNGP3 RPTP1 RPTP2 RPTP3 RESP1

1970 6.68 6.68 6.68 ·6.51 6.51 6.51 16.90
1971 6.48 6.48 6.48 6.11 6.11 6.11 16.63
1972 6.58 6.58 6.58 6.51 6.51 6.51 16.82
1973 6.27 6.27 6.27 8.23 8.23 8.23 1&~::80

1974 5.95 5.95 5.95 9.73 9.73 9.73 19.89
1975 5.26 5.26 5.26 10.19 10.19 10.19 21~82

1976 5.10 5.10 5.10 9.33 9.33 9.33 21.90
1977 6.00 6.00 6.00 10.22 10.22 10.22 21.49
1978 5.57 ·5.57 5.57 9.53 9.53 9.53 20.97
1979 5.29 5.29 5.29 9.90 9.90 9.90 20.91
1980 6.02 6.02 6.02 12.06 12.06 12.06 21.86
1981 5.93 5.93 5.93 12.79 12.79 12.79 25.02
1982 7.03 7.03 7.03 13.32 13.32 13.32 24.38
1983 7.06 7.06 7.06 12.93 12.93 12.93 24.61
1984 7.08 7.08 7.08 11.75 11.75 11.75 26.04
1985 7.08 7.08 7.08 10.24 10.24 10.24 26.07
1986 6.83 6.83 6.83 11.25 11.25 11.25 22.71

1987 5.15 5.15 5.15 7.74 7.74 7.74 21.28
1988 5.20 5.16 5.22 7.41 6.89 7.91 20.81
1989 5.27 5.17 5.30 7.85 7.44 8.13 20.77
1990 5.33 5.23 5.35 7.98 7.62 8.19 20.55
1991 5.40 5.32 5.44 8.12 7.83 8.38 20.42
1992 5.49 5.44 5.54 8.24 7.98 8.54 20.24
1993 5.62 5.56 5.70 8.48 8.15 8.81 20.11
1994 5.79 5.69 5.88 8.80 8.38 9.20 20.10
1995 6.01 5.84 6.09 9.17 8.75 9.63 20.14
1996 6.22 6.03 6.35 9.55 9.07 10.15 20.29
1997 6.42 6.21 6.62 9.92 9.40 10.67 20.43
1998 6.62 6.39 6.88 10.30 9.72 11.20 20.57
1999 6.82 6.58 7.15 10.68 10.04 11.71 20.72
2000 7.03 6.77 7.41 11.05 10.36 12.23 20.86
2001 7.24 6.95 7.67 11.43 10.68 12.76 21.00
2002 7.44 7.14 7.94 11.80 11.01 13.28 21.15
2003 7.65 7.33 8.20 12.18 11.33 13.80 21.29
2004 7.85 7.51 8.46 12.56 11.65 14.33 21.43
2005 8.05 7.69 8.72 12.93 11.97 14.85 21.58
2006 8.26 7.88 8.98 13.32 12.30 15.37 21.72
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YEAR RESP2 RESP3 CNGP1 CNGP2 CNGP3 CPTP1 CPTP2

1970 16.90 16.90 2.47 ·2.47 2.47 2.16 2.16
1971 16.63 16.63 2.71 2.71 2.71 2.28 2.28
1972 16.82 16.82 2.96 2.96 2.96 2.21 2.21
1973 16.80 16.80 3.00 3.00 3.00 2.42 2.42 n1974 19.89 19.89 3.42 3.42 3.42 4.38 4.38
1975 21.82 21.82 3.26 3.26 3.26 4.28 4.28
1976 21.90 21.90 3.12 3.12 3.12 4.21 4.21
1977 21.49 21.49 3.41 3.41 3.41 4.47 4.47
1978 20.97 ·20.97 3.20 3.20 3.20 4.27 4.27
1979 20.91 20.91 3.91 3.91 3.91 5.39 5.39
1980 21.86 21.86 4.29 4.29 4.29 6.76 6.76
1981 25.02 25.02 4.19 4.19 4.19 8.26 8.26
1982 24.38 24.38 4.98 4.98 4.98 7.26 7.26
1983 24.61 24.61 5.19 5.19 5.19 6.76 6.76
1984 26.04 26.04 5.14 5.14 5.14 6.33 6.33
1985 26.07 . 26.07 5.06 5.06 5.06 5.69 5.69
1986 22.71 22.71 4.49 4.49 4.49 3.85 3.85

1987 21.28 21.28 4.36 4.36 4.36' 4.83 4.83
1988 20.62 20.90 4.42 4.37 4.43 4.6.0 4.12
1989 20.58 20.84 4.48 4.37 4.51 4.89 4.46
1990 20.38 20.57 4.49 4.40 4.51 4.97 4.57
1991 20.28 20.45 4.51 4.43 4.54 5.07 4.71
1992 20.12 20.27 4.55 4.50 4.60 5.17 4.84
1993 19.95 20.13 4.65 4.59 4.71 5.37 4.99
1994 19.89 20.14 4.76 4.66 4.85 5.67 5.21
1995 19.94 20.16 4.93 4.76 5.02 6.02 5.56
1996 20.06 20.34 5.09 4.90 5.23 6.38 5.88
1997 20.19 20.51 5.24 5.03 5.44 6.73 6.19
1998 20.31 20.69 5.39 5.17 5.65 7.08 6.50
1999 20.44 20.87 5.54 5.30 5.87 7.44 6.82
2000 20.56 21.05 5.70 5.45. 6.07 7.80 7.13
2001 20.69 21.23 5.85 5.58 6.29 8.15 7.44
2002 20.81 21.41 6.00 5.71 6.50 8.51 7.75
2003 20.94 21.58 6.15 5.85 6.71 8.87 8.06

",.2004 21.07 21.76 6.31 5.98 6.92 9.23 8.37
".:2005 21.19 21.93 6.47 6.13 7.14 9.57 8.69

1006 21.32 22.11 6.62 6.26 7.34 9.93 9.00
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YEAR CPTP3 CESP1 CESP2 CESP3 ICLP1 ICLP2 ICLP3

1970 2.16 17.26 17.26 17.26 1.00 1.00 1.00
1971 2.28 17.08 17.08 17.08 1.00 1.00 1.00
1972 2.21 17.10 17.10 17.10 1.00 1.00 1.00
1973 2.42 17.48 17.48 17.48 1.00 1.00 1".00
1974 4.38 20.94 20.94 20.94 1.00 1.00 1.00
1975 4.28 22.88 22.88 22.88 1.06 1.06 1,.06
1976 4.21 22.50 22.50 22.50 2.25 2.25 2.25
1977 4.47 22.68 22.68 22.68 2.45 2.45 2.45
1978 4.27 ·22.24 22.24 22.24 2.56 2.56 2.56
1979 5.39 22.16 22.16 22.16 2.40 2.40 2.40
1980 6.76 22.70 22.70 22.70 2.31 2.31 2.31
1981 8.26 25.13 25.13 25.13 2.33 2.33 2.33
1982 7.26 22.43 22.43 22.43 2.26 2.26 2.26
1983 6.76 21.69 21.69 21.69 2.12 2.12 2.12
1984 6.33 23.24 23.24 23.24 2.07 2.07 2.07
1985 5.69 22.65 22.65 22.65 2.04 2.04 2.04
1986 3.85 19.26 19.26 19.26 1.81 1.81 1.81

1987 4.83 20.30 20.30 20.30 1.71 1.71 1.71
1988 5.07 19.80 19.59 19.91 1.73 1.72 1.74
1989 5.20 19.77 19.58 19.85 1.76 1.74 1.76
1990 5.23 19.52 19.36 19.56 1.77 1.77 1.77
1991 5.40 19.40 19.27 19.44 1.80 1.80 1.80
1992 5.53 19.23 19.10 19.26 1.83 1.83 1.83
1993 5.79 19.10 18.94 19.12 1.85 1.85 1.85
1994 6.14 19.09 18.89 19.14 1.88 1.88 1.87
1995 6.53 19.12 18.92 19.16 1.91 1.91 1.90
1996 7.01 19.27 19.05 19.34 1.93 1.93 1.92
1997 7.49 19.42 19.18 19.52 1.95 1.96 1.94
1998 7.96 19.56 19.31 19.70 1.98 2.00 1.96
1999 8.45 19.70 19.44 19.87 2.01 2.02 1.98
2000 8.92 19.85 19.56 20.05 2.03 2.05 2.01
2001 9.40 19.99 19.69 20.23 2.05 2.08 2.02
2002 9.88 20.13 19.81 20.41 2.08 2.10 2.04
2003 10.36 20.28 19.95 20.59 2.10 2.13 2.07
2004 10.84 20.42 20.07 20.77 2.13 2.17 2.09
2005 11.32 20.56 20.20 20.95 2.15 2.19 2.10
2006 11.80 20.71 20.32 21.14 2.18 2.22 2.13
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YEAR

1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986

1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003

',2,;2004
:2005
'2006

INGP1

1.02
1.12
1.23
1.36
1.57
1.98
1.93
1.95
1.88
3.08
3.49
3.65
4.35
4.22
4.20
3.90
2.77

2.44
2.49
2.54
2.61
2.68
2.77
2.89
3.06
3.28
3.48
3.67
3.88
4.08
4.28
4.48
4.68
4.88
5.08
5.28
5.48

INGP2

1.02
1.12
1.23
1.36
1.57
1.98
1.93
1.95

·1.88
3.08
3.49
3.65
4.35
4.22
4.20
3.90
2.77

2.44
2.45
2.45
2.52
2.60
2.70
2.84
2.96
3.11
3.29
3.48
3.65
3.84
;.02
4.21
4.39
4.58
4.76
4.94
5.12

INGP3

1.02
1.12
1.23
1.36
1.57
1.98
1.93
1.95
1.88
3.08
3.49
3.65
4.35
4.22
4.20
3.90
2.77

2.44
2.50
2.57
2.63
2.71
2.81
2.97
3.15
3.36
3.62
3.88
4.14
4.40
4.66
4.92
5.18
5.44
5.70
5.96
6.22
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IPTP1

.1.75
1.94
1.90
1.99
3.88
4.20
3.95
4.08
3.97
4.73
5.80
6.71
6.09
5.75
5.62
5.52
3.02

4.29
3.99
4.19
4.24
4.25
4.24
4.38
4.68
5.04
5.35
5.65
5.96
6.26
6.57
6.87
7.17
7.48
7.78
8.09
8.39

IPTP2

1.75
1.94
1.90
1.99
3.88
4.20
3.95
4.08
3.97
4.73
5.80
6.71
6.09
5.75
5. i-2
5. Sl2
3.02

4.29
3.37
3.50
3.56
3.60
3.62
3.69
3.94
4.28
4.~

4.7)6
5.01
5.25
5.49
5.73
5.97
6.22
6.46
6.70
6.94

IPTP3

1.75
1.94
1.90
1.99
3.88
4.20
3.95
4.08
3.97
4.73
5.80
6.71
6.09
5.75
5.62
5.52
3.02

4.29
4.60
4.66
4.68
4.84
4.91
5.14
5.49
5.94
6.40
6.88
7.35
7.83
8.30
8.78
9.24
9.72

10.19
10.67
11.14

IESP1

9.92
9.61

10.24
10.46
13.17
15.17
16.08
14.98
15.07
15.03
17.52
20.23
18.41
17.81
17.99
17.41
15.53

13.67
13.19
13.16
12.93
12.83
12.66
12.53
12.52
12.55
12.68
12.82
12.95
13.09
13.22
13.35
13.49
13.62
13.76
13.89
14.03

j
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YEAR IESP2 IESPJ TMGPl TMGP2 TMGP3 TJFPl TJFP2

1970 9.92 9.92 7.26 .7.26 7.26 2.58 2.58
1971 9.61 9.61 6.99 6.99 6.99 2.46 2.46
1972 10.24 10.24 7.03 7.03 7.03 2.27 2.27
1973 10.46 10.46 6.96 6.96 6.96 2.53 2;153
1974 13.17 13.17 8.51 8.51 8.51 3.91 3.91
1975 15.17 15.17 8.39 8.39 8.39 4.55 4,~55

1976 16.08 16.08 8.23 8.23 8.23 4.52 4.52
1977 14.98 14.98 7.95 7.95 7.95 4.86 4.86
1978 15.07 15.07 8.09 8.09 8.09 5.00 5.00
1979 15.03 15.03 9.61 9.61 9.61 6.19 6.19
1980 17.52 17.52 11.67 11.67 11.67 8.76 8.76
1981 20.23 20.23 12.21 12.21 12.21 9.32 9.32
1982 18.41 18.41 11.04 11.04 11.04 8.31 8.31
1983 17.81 17.81 9.57 9.57 9.57 7.27 7.27
1984 17.99 17.99 8.91 8.91 8.91 6.76 6.76
1985 17.41 17.41 8.57 8.57 8.57 6.28 6.28
1986 15.53 15.53 6.09 6.09 6.09 4.51 4.51

1987 13.67 13.67 7.35 7.35 7.35 4.41 4.41
1988 13.01 13.27 7.18 6.57 7.83 4.20 3.69
1989 12.98 13.22 7.34 6.56 7.86 4.38 3.80
1990 12·.79 12.97 7.44 6.65 7.97 4.43 3.86
1991 12.69 12.86 7.51 6.]1 8.20 4.48 3.94
1992 12.54 12.69 7.54 6.80 8.36 4.51 4.01
1993 12.39 12.55 7.77 6.96 8.68 4.68 4.13
1994 12.33 12.56 8.15 7.30 9.13 4.97 4.37
1995 12.36 12.57 8.63 7.72 9.68 5.32 4.70
1996 12.49 12.73 9.00 8.03 10.25 5.62 4.95
1997 12.60 12.89 9.38 8.34 10.81 5.93 5.20
1998 12.73 13.04 9.75 8.65 11.38 6.23 5.45
1999 12.85 13.20 10.14 8.96 11.95 6.54 5.71
2000 12.98 13.36 10.51 9.26 12.51 6.84 5.96
2001 13.09 13.52 10.89 9.57 13.08 7.15 6.21
2002 13.22 13.69 11.27 9.88 13.64 7.45 6.45
2003 13.35 13.84 11.65 10.19 14.20 7.76 6.70
2004 13.47 14.00 12.03 10.50 14.78 8.06 6.95
2005 13.59 14.16 12.40 10.81 15.34 8.37 7.20
2006 13.71 14.32 12.79 11.11 15.91 8.67 7.45
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YEAR

1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986

198i
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003

",2004
;~005
,2006

TJFP3 HHDl HHD2 HHD3

2.58 2284786 2284786 228~786

2.46 2418651 2418651 2418651
2.27 2571136 2571136 2571136
2.53 2744410 2744410 2744410
3.91 2922072 2922072 2922072
4.55 3057310 3057310 3057310
4.52 3160596 3160596 3160596
4.86 3270065 3270065 3270065
5.00 3397906 3397906 3397906
6.19 3560940 3560940 3560940
8.76 3744254 3744254 3744254
9.32 3889085 3889085 3889085
8.31 4023287 4023287 4023287
7.27 4135881 4135881 4135881
6.76 4287718 4287718 4287718
6.28 4444889 4444889 4444889
4.51 4612822 4612822 4612822

4.41 4789135 4736864 480i608
4.74 4935514 4860906 4992394
4.78 5081893 4984948 5182181
4.81 5228272 5108990 5371967
4.97 5374652 5233032 5561753
5.06 5490859 5300079 5721040
5.31 5607065 5367126 5880327
5.64 5723272 5434172 6039613
6.05 5839478 5501219 6198900
6.50 5955685 5568266 6358187
6.95 6066854 5634941 6510506
7.41 6178022 5701617 6662824
7.85 628919.1 5768292 6815143
8.30 6400359 5834967 6967461
8.75 6511528 5901643 7119780
9.20 6622696 5968318 7272098
9.65 6733865 6034993 7424417

10.09 6845033 6101668 7576735
10.54 6956202 6168344 7729054
10.99 7067370 6235019 7881372
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P CEMP YT

0.36 1093.30 3146.00
0.38 1177.20 3189.00
0.39 1311.50 3579.00
0.41 1442.00 3949.00
0.46 1501.60 3991.00
0.50 1486.20 3736.00
0.53 1530.60 3898.00
0.56 1613.50 4216.00
0.61 1750.10 4577.00
0.67 1877.10 4820.00
0.77 2005.30 4738.00
0.85 2120.40 4434.00
p.90 2176.60 4104.00
0.93 2292.20 4230.00
0.97 2481.20 4599.00
1.00 2646.00 4741.00
1.02 2753.02 5017.00

2895.39 5206.40
3037.75 5395.80
3180.12 5585.20
3322.48 5774.60
3464.85 5964.00
3562.78 6108.80
3660.71 6253.60
3758.63 6398.40
3856.56 6543.20
3954.49 6688.00
4064.52 6773.10
4174.55" 6858.20
4284.58 6943.30
4394.61 7028.40
4504.64 7113.50
4614.67 7198.60
4724.70 7283.70
4834.73 7368.80
4944.76 7453.90
5054.79 7539.00



YEAR IEMP YI WOOD POP

1970 506.50 17443.00 854.00 6791.00
1971 518.40 17596.00 838.00 7066.30
1972 590.20 20067.00 906.00 7422.80
1973 680.00 22920.00 1009.00 7813.30
1974 661.90 22341.00 964.00 8202.30
1975 531.30 19757.00 879.00 8463.30
1976 529.50 19371.00 950.00 8629.80
1977 568.90 19434.00 1007.00 8808.80
1978 634.50 22172.00 1053.00 9040.50
1979 695.10 24028.00 1075.00 9345.00
1980 731.30 25927.00 1056.00 9746.00
1981 766.60 26923.00 1045.00 10106.00
1982 722.90 27261.00 969.00 10375.30
1983 742.70 29540.00 1081.00 10591.70
1984 831.90 32800.00 1185.00 10930.40
1985 859.00 35432.00 1204.00 11287.90
1986 888.60 36375.00 1225.00 11657.80

1987 894.05 38188.00 1257.00 12043.60
1988 899.51 39259.00 1290.00 12418.00
1989 904.96 40232.00 1323.00 12697.20
1990 910.42 40969.00 1357.00 12976.40
1991 915.87 42969.00 1393.00 13255.70
1992 932.89 44970.00 1433.00 1351S.20
1993 949.91 46606.00 1475.00 13774.70
1994 966.93 48515.00 1518_00 14034.20
1995 983.95 50772.00 1562.00 14293.70
1996 1000.97 52573.00 1607.00 14553.16
1997 1015.00 53595.00 1634.00 14763.90
1998 1029.04 54744.00 1662.00 14974.58
1999 1043.07 56246.00 1690.00 15185.28
2000 1057.11 58018.00 1719.00 15395.97
2001 1071.15 59062.00 1748.00 15606.70
2002 1085.18 60125.00 1774.00 15817.40
2003 1099.22 61208.00 1801.00 16028.10
2004 1113.25 62309.00 1828.00 16238.80
2005 1127.29 63431.00 1855.00 16449.S0
2006 1141.32 64573.00 1883.00 16660.34
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