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INTRODUCTION 

There are available today an abundant number of energy mod­

els for predicting both the price and consumption of energy. Many 

of these project energy price and consumption trends on a nation 

wide basis. Such a model is the PIR model (Project Independence 

Report). This model was developed by the F~deral Energy Adminis­

tration and attempts to project energy supply and demand based on 

macroeconomic growth (Hausman 1975, p. 518). Other models, such 

as the model developed by MacAvoy - Pindyck, are much more limited 

in scope and as in this case, deal with one fuel type (MacAvoy­

Prindyck model deals with natural gas) (MacAvoy and Pindyck 1975). 

All of these models , whether they are very simplistic in 

nature, or of a very sophisticated design, are subject to one ma­

jor flaw. That is, that whenever one of the variables change, pre­

vious predictions are at that point, invalid. Any price or con­

sumption projections made before 1973, or between 1973 and 1979, 

missed the Arab oil embargo and the Iranian crisis respectively. 

These events changed the basis on which the previous projections 

were made. The changing variables not only affect the projections 

made by the model but also makes other studies that were done, 

which were based on information provided by those models, invalid. 

An attempt will be made to forecast future energy price 
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and consumption trends in the State of Florida, and to calculate 

payback periods for residential solar space and water heating sys­

tems. A regional energy model developed by J. R. McNamara at Le­

high University is used to accomplish this. Two scenarios are sim­

ulated in an effort to establish worst, expected and best case in­

formation at differing rates of demand growth. The purpose of the 

two scenario/three case design is to allow for changes in the ener­

gy market and the effects those changes will have on future consump­

tion and prices. 

After . future energy prices and consumption tre~ds have been 

established, they will be compared to the price of solar space and 

water heating systems for the residential sector. A year by year 

calculation is made to determine the amount of time required to re­

cover the initial investment in the solar system , 

Solar technology has not experienced wide usage in the re­

cent past . This has been due to the availability of relatively 

cheap supplies of fossil fuels and the high ini~ial cost of pur­

chasing solar equipment. As long as the price of fossil fuels re­

mained low, the payback periods on the initial investments for 

solar equipment have been long in duration. With the cost of fos­

sil fuels rising, this situation is beginning to change. 

Centrally generated electricity, for example, becomes more 

expensive per kilowatt hours (KWhrs.) as the cost of fossil fuels 

rise. The effect is to shorten the payback period for the initial 

investment in solar equipment. The same observation can be made 
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with respect to heating oil. Solar heating. for home and industrial 

uses has always been a substitute for oil. Oil has been used be­

cause of its low cost. However, as the cost of oil continues to 

increase, the comparative cost of using solar decreases. An obvi­

ous outcome would be that for various applications, solar will be 

cheaper to use than oil . The same case can be made for natural gas 

and coal. It should be noted that the dollar value of the energy 

used, per unit, will be cheaper for solar produced energy than oil, 

but does not reflect any of the social or personal costs associa­

ted with solar technology. 

All values, both for energy prices and for solar energy 

equipment, are calculated in constant dollar values (1967 = 100). 

The reason for this is to calculate the real payback period. That 

is, to calculate the time required for the individual to recover 

the purchasing power of the dollars initially spent on the solar 

system (by calculating the real payback period, any effects of in­

flation on the dollar is eliminated). 

The paper begins with a description of the model used and 

then describes the process by which the variables required for the 

model were obtained and/or calculated. The results of the model 

are then presented and finally, conventional and solar heating sys­

tems costs are presented and payback periods are established. 

The appendix contains original price and consumption data for re-

ference. 



CHAPTER I 

THE MODEL 

The model serves to project future energy prices and con­

sumption patterns. In its present form, it is based on a system of 

24 linear functions solved simultaneously: four functions describ­

ing the energy demand for each sector, four functions describing 

the conversion of primary fuels into final energy forms and 16 

functions describing the supply of the four types of fuel to each 

sector. The model can be expanded to include eight fuels for two 

regions of four consuming sectors each producing a system of 80 

linear functions (McNamara and Mart in 1979). After each year, all 

the equations are updated with the newly generated data. 

In this simulation, four primary fuels are considered: 

petroleum, natural gas, nuclear and coal. With the exception of 

gasoline (the transportation sector is not included), these are the 

fuels used as primary energy in Florida. Four consuming sectors 

are identified; residential, commercial, industrial and electric. 

Electric use is not segregrated by final consumption. The fuel 

consumed by the electric sector represents fuel use by electric 

utilities. This is the same for the other sectors as well. The 

final energy price in the electric sector represents the price of 

electricity to the other three sectors. Final energy prices for 

4 
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residential, commercial and industrial sectors represents the 

price paid for the fuels, other than electric, consumed by that 

sector. The program excludes the use of nuclear fuel for purposes 

other than electrical generation. 

The model requires nine sets of input data. The first set 

of data is the control parameters. This set consists of the num­

ber of regions, consuming sectors, the number of fuels, the infla­

tion rate, demand lag, the year in which the projection ends and 

the print skip pattern (the years for which data is printed). The 

demand lag is the rate at which supply lags desired consumption. 

The most important or influential variable in this data set is the 

inflation rate. This variable represents an average annual infla­

tion rate for · energy prices and of the remaining variables has the 

greatest effect on the long run increase in energy prices. Six 

different inflation rates are used in establishing the worst, best 

and expected projections. 

5 

Another data set that is important in the long-run is the 

demand growth rate. This variable is an average annual growth rate 

in the demand for energy for each sector. Two estimates for demand 

growth are used and are more fully discussed in the variable sec­

tion along with the other data sets; supply elasticities, demand 

elasticities, growth constraints, depletion rates (long-run margin­

al costs of each fuel), fuel consumption, the marginal productivi­

ties of each fuel in each sector, non-fuel costs and final energy 

prices. 
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Short-run adjustments in the model ate made by manipulating 

the marginal productivities, non-fuel costs, and final energy pri­

ces. Due to the manner in which these values are calculated, it 

is very important that they be in balance with one another. If 

they are not balanced, the model will not calculate the correct 

final energy prices for each sector in the base year. Since the 

correct prices are known in advance, this serves as a validation of 

the marginal productivity and non-fuel cost calculations. 

Cross-price elasticities of demand are not included in the 

model. This would illustrate the response in the demand of one 

fuel when the price of another fuel changed (would generally assume 

some fuels are substitutes for each other). In the model ' s present 

form, substitution of one fuel for another is based on price and 

marginal productivity . Fuel usage will generally shift to the fuel 

with the highest efficiency (marginal productivity) or the lowest 

price, or a combination of both (generally the marginal productivi­

ty is more important). Shifting to a more expensive fuel with a 

high marginal productivity could be less expensive than using a 

cheaper fuel with a low marginal productivity. This relationship 

is reflected in the model •s results (industrial use of coal). 

Finally, variables that would have a significant influence 

on fuel supply or consumption, like the irregular appearance of new 

inventions or world events such as the Iranian crisis, can not be 

foreseen by the model. However, the model is relatively inexpen­

sive to use and by changing the input data many scenarios can be 



simulated. Projected consumption and price data should not be 

viewed as absolute values, but as projected estimates that des­

cribe long-run trends. 

7 



CHAPTER II 

Chapter II describes the variables, lists the values for 

each, and the methods used to derive the values. The variables are 

considered in the following order; fuel consumption, final energy 

prices, marginal productivities, non-fuel costs, supply elastici-

ties, demand elasticities, demand growth, capacity growth, and the 

reserve depletion rates. 

FUEL CONSUMPTION 

TABLE 1 

1978 FUEL CONSUMPTION IN TRILLIONS OF BTUS 

Sector Fuel 1012 BTUs Electric** 

Petroleum* Natura 1 Gas* Nuclear* Coal* 

Residential 22 .2 22 . 4 N/A N/A 130.86 

Commercial 41.9 28.3 N/A N/A 83.06 

Industrial 110.4 77.5 N/A 7.0 47.17 

Electric 483.3 160.8 169.9 163.8 

*SOURCE: Florida, Department of Energy, "Historical Con­
sumption of Primary Energy in Florida by Sector: 1978" (Tallahas­
see, FL, 1979). 

**SOURCE: Thompson, Ralph B., ed., Florida Statistical Ab­
stract (Gainesville, Florida: The University Presses of Flor1da, 
1979), Table 15.91, p. 359. 

8 



Fuel consumption is simply the quantity of each fuel con­

sumed by each sector in 1978, measured in trillions of BTUs. A 

British Thermal Unit, BTU, is the quantity of heat required to 
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raise the temperature of one pound of water one degree Fahrenheit 

at or near 39.2°F (Woolf 1974). Natural ' gas, coal and nuclear fuel 

are singular in nature while petroleum may be subdivided into sev-

eral categories: liquified petroleum gas, distillate fuel oil 

(kerosene, diesel and others) and residual fuel oils. These cate­

gories are combined for use in the model (data made available 

through the State Energy Department). Fuel consumption values are 

listed in Table 1. 

TABLE 2 

ELECTRICAL CONSUMPTION BY SECTOR: 1978 

(ROUNDED TO MILLIONS OF KWhrs.) 

Sector 

Residential 

Commercial 

Industrial 

Year 

1969 

19,375 KWhr. 

10,895 KWhr. 

8,495 KWhr. 

1978 

38,353 KWhr. 

24,345 KWhr. 

13,824 K~Jhr. 

SOURCE: Thompson, Ralph B., ed., Florida 
Statistical Abstract (Gainesville, Florida: The 
University Presses of Florida, 1979), Table 15.91, 
p. 359. 
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In order to determine the BTU value of the electric con-

sumption for each sector as listed in Table 2, a conversion factor 

of 

1 KWhr. = 3,412 BTUs 

was used. The KWhr . consumption data was obtained from the Florida 

Statistical Abstract 1979 . 

FINAL ENERGY PRICES 

TABLE 3 

1978 FINAL SECTOR ENERGY PRICES; $/106 BTU 

Sector $/106 BTU 

Residential 2. 14 

Commercia 1 1. 72 In 
Constant 

Industrial 1. 00 $'s 

Electrical 6. 22 

Final sector energy prices, the price paid for fuels de-

livered for use to each sector, are arrived at through a series of 

weighted price averages of the various fuels consumed by each sec-

tor and are listed in Table 3. The weighted average takes the 

form of: 
n 
l: (Price)( % Weight) 

i=1 
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A weighted process is used because a simple averaging of the prices 

paid for the various fuel types consumed does not accurately re-

fleet the true price paid for energy by a particular sector. By 

weighting the price paid for each fuel by the percentage of the 

total energy, consumed in the sector, the fuel makes up (in terms 

of BTUs), a more accurate average price paid is derived. An ex-

ample may serve to better illustrate this process. 

In the residential sector in 1978, two fuel types were con-

sumed: petroleum and natural gas. Petroleum can be broken down 

into liquified petroleum gas and distillate fuel oils (kerosene 

and other). A total of 22.2 trillion BTUs of petroleum was con­

sumed. Of that, 15 trillion or 68% was liquified petroleum gas, 

3.1 trillion or 15% was kerosene , and 4.1 trillion or 17% was other 

distillate fuels. The residential sector paid 243 .6¢/106 BTUs for 

liquified petroleum gas, 207.1¢/106 BTUs for kerosene, and 174.7¢/ 

106 BTUs for other distillate fuels. It is now possible to develop 

a weighted price average for petroleum for the residential sector 

based on fuel price and percentage of fuel consumed. Calculation: 

(Price of Liquified (% Use) + (Price of (% Use) + (Price of (% Use) Petroleum Gas) Kerosene) Other) 

(243.6¢/106 BTU) 
(207 !1¢/ (174.7¢/ 

(. 68) + 106 BTU) ( . 15) + 106 BTU) ( . 17) 

Final Weighted Price 6 6 for Petroleum = 223 .2¢/10 BTU OR 2.23$/10 BTU 

In 1978, residential use of energy amounted to a total of 

44.6 trillion BTUs. Approximately 50% of that (22.2) was petroleum. 

= 

= 
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Natural gas consumption made up the other 50% (22.4). Natural gas 

cost the residential user 203.8¢/106 BTUs~ Using the weighted 

price average derived for petroleum, it is now possible to derive a 

final weighted price average for energy in the residential sector. 

(Price of Petroleum) (% Use) + (Price of Natural Gas) (% Use) = 

(223.2¢/106 BTUs,) (.5) + (203.8¢/106 BTUs) ( . 5) = 

Final Weighted Price for Petroleum = 213.5¢/106 BTUs 

OR= 2.14$/106 BTUs 

This final weighted price average is then used in the model 

as the final sector energy price for the residential sector. This 

process is repeated for each sector with the exception of the elec­

tric utility sector (Thompson 1979, P~ 359) . Because electricity 

is not broken down by final use, the dollar value in the electric 

sector represents a weighted price average paid for electricity by 

the residential, commercial and industrial sectors (Florida Depart-

ment of Energy 1980). All price data are constant dollar values. 

MARGINAL PRODUCTIVITY 

The marginal productivity of a fuel reflects the efficiency 

of that fuel in the sector in which it is used. For the residential, 

commercial and industrial sectors, the marginal productivity of 

each fuel is a function of the cost of the fuel, final energy pri­

ces, and non-fuel costs (McNamara and Martin 1979). It is calcula-

ted in the follQwing manner: 



c MP = ~~,....... (F - N) 

C = Cost of Fuel 

F = Final Energy Price for Energy in a Sector 

N = Non-fuel Costs for a Fuel in a Sector 

13 

The cost of petroleum and natural gas i s not identical for 

each sector. A residential user pays a much higher price for both 

fuels than does an industrial user (this is very similar to the pro-

blem faced when trying to determine some average price for ene r gy 

in each sector). In order to establish some single price for petro-

l e u m and nat u r a 1 ·gas , a we i g h ted p r i c e aver age i s used , i n the form 

of : 

Sector 

Residential 

Commercial 

Industrial 

Electric 

n 
E (Price)( Weight) 

i=l 

n = Number of Fuels 

TABLE 4 

PERCENTAGE FUEL USE BY SECTOR 

Petroleum 

3% 

6% 

17% 

74% 

Fuel 

Natural Gas 

7% 

10% 

27% 

56% 

Nuclear 

0 

0 

0 

100% 

Coal 

0 

0 

4% 

96% 
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Using the amount of a type of fuel cqnsumed in each sector 

and the total amount of the fuel consumed in the State, the per­

centage of the fuel consumed by each sector is determined. These 

percentages are given in Table 4~ The percentages are then multi-

plied by the price paid for the fuel by each sector and then summed. 

The result is a weighted price average of the cost of a fuel. Hav-

ing found the cost of fuel, it is now a simple matter of substitu-

tion in order to find the marginal productivity values for the re-

sidential, commercial and industrial sectors. 

In the case of electrical production, non-fuel costs have 

not been established. However, the marginal productivities of the 

various generating methods (dependent on fuel used) are known. By 

rearranging the formula to 

c 
N = F - MP 

it is possible to generate the non-fuel costs needed . 

At first glance, it may seem that the engineering marginal 

productivities for electrical production are relatively low with 

respect to the other sector's marginal productivities. While they 

are lower, it is not without reason . Fuel used in the residential 

sector is processed through one stage while fuel used to generate 

electricity is processed through two stages. For example: in the 

home, natural gas is burned in a water heater which uses the heat 

released to directly heat water; one step or transformation. In an 

electrical plant using natural gas for fuel, the heat released when 



the natural gas is burned is used to change ~ater into high pres­

sure steam; one step. The steam is then used to drive a turbine 
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to which the generator is attached; second step. Because the ener­

gy is transformed a second time from steam to mechanical energy, 

more energy is lost through heat loss. This two step process ac­

counts for the lower marginal productivity involved in the use of 

a fuel for the production of electricity (this applies for the 

other fuels and sectors also). 

The non-fuel costs generated for electrical production are 

considerably higher than in the other sectors. This might have 

been expected given the high capital costs involved in transform­

ing primary fuel to electricity and then the transmission of that 

electricity to the final user. 

NON-FUEL COSTS 

Sector 

Residential 

Corrnnercial 

Industrial 

Electric 

TABLE 5 

NON-FUEL COSTS IN $/106 BTU 

Fuel 

Petroleum Natural Gas 

.56 1.35 

.16 .54 

.01 424 

2.99 4.40 

Nuclear Coal 

N/A N/A 

N/A N/A 

N/A .08 

5.92 4.80 
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Non-fuel costs reflect the percentag~ of the price of each 

fuel for each sector that is not part of the actual costs paid for 

the fuel. Non-fuel costs would include, but are not limited to, 

transportation and wholesalers profit. In the case of electricity, 

most of the cost is non-fuel. These non-fuel costs would reflect 

the costs of actually delivering centrally generated electricity 

to the users location and would include transmission lines, poles, 

transformers, switchgear, and the maintanence of that equipment~ 

National average prices are used in deriving these costs for the re-

sidential, commercial, and industrial sectors (U.S. Department of 

Energy 1979). 

In order to calculate the percentage of fuel costs that are 

non-fuel costs, the percentage difference between the wholesale 

price and retail price is derived for a sector for each fuel (in 

the case of natura l gas , ave rage well head price is used) consumed 

in that sector. The price for each fuel in a sector is then multi­

plied by this percentage. The resultant product yields the non­

fuel costs for each fuel for a sector. In the case of coal for in­

dustrial use, a value of ten percent is assumed which is generally 

consistent with the other non-fuel costs for that sector. Non-fuel 

costs for electricity are determined using marginal productivities. 

SUPPLY ELASTICITIES 

Elasticity of supply can be defined as the percentage in­

crease in the quantity supplied given a 1% increase in price, or 



17 

X 

TABLE 6 

SUPPLY ELASTICITIES 

Sector Fuel 

Petroleum Natural Gas Nuclear Coal 

Supply . 5 . 5 .4 .6 Elasticities 

The elasticity of supply is an indicator of the responsiveness of 

the supplier of a fuel to a change in the price of the fuel. If E s 

is greater than one, the ~ercentage increase in the quantity of 

fuel supplied is greater than the percentage increase in the price 

of fuel. This would indicate that the fuel supplier is relatively 

responsive to an increase in the price of the fuel. Supply would 

then be said to be relatively elastic. If a one percent increase 

in fuel price brings about an one percent increase in the quantity 

of fuel supplied, supply is then said to be unit elastic. If Es 

is less than one, then the percentage increase in the quantity 

supplied is less than the percentage increase in price. Under 

these conditions, supply is said to be relatively inelastic indi­

cating that fuel supply was not very responsive to pri_ce changes. 

The model requires estimates of short-run elasticities of 

supply (the short-run being defined as one year or less and the 
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long-run being more than one year). Because .of the time lag in­

volved in the development of new fuel supplies (exploration, site 

development, etc.), supply is relatively inelastic in the short­

run (Jenkins 1977)~ The elasticities used in the model, listed in 

Table 6, are somewhat greater than · elasticities based strictly on 

estimated fuel reserved at various prices (lower in the case of 

nuclear). In the case of natural gas and petroleum, this is to 

allow for the effects of deregulation on short-run supply in the 

future. Because of the negative social factors involved with 

nuclear fuel, increases in price will probably not bring about the 

increase in reserves that were predicted in the early seventies 

thereby making supply less elastic. Coal, having received much 

attention as of late, is probably more elastic than earlier data 

would indicate (government support and encouragement). 

The elasticities are ranked(+ .1) in order to reflect some 

difference in supply. Coal is the most elastic (.6) due to govern­

ment encouragement a~d the labor intensity involved in mining (re­

membering that this is short-run, it is easier to increase coal 

output through the addition of miners). Oil and natural gas (.5) 

are next due to the time involved in delivering and setting-up 

equipment necessary for additional recovery from known reserves 

(also those methods of recovery, both secondary and tirtiary, in­

volve the use of petroleum base products and therefore, require 

larger increases in price before they would be used in the recovery 

of additional fuel)(Merklein and Hardy 1977). The elasticity of 



supply for nuclear fuel (,4) is lower than the others because of 

the time involved in extraction and processing of the fuel (re­

quired before it can be used in electrical generation). 
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Given the varian~e in the elasticities that could be assign­

ed for each fuel supply, several runs of the model were made using 
-

high and low estimates of supply holding all other values constant . 

Over the 16 year period the model covered, there was very little 

va r iance in final energy prices for each sector . There was some 

difference in the quantity of fuels consumed, most noticeable in 

the residential sector, when lower elasticities of supply was used. 

The long term trend of a move away from petroleum and toward natur-

al gas in the residential sector still remained. 

Generall y, the results show that the model is relatively 

insensiti ve to various calculations of inelastic supply. The im-

portance of the supply elasticities lie in whether they are either 

elastic or inelastic. Given the conditions described, it can be. 

assumed that supply is inelastic. 

DEMAND ELASTICITIES 

Elasticity of demand can be defined in the sam~ manner as 

supply, 

as the percentage change in quantity demanded given some percen-
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tage change in price. The model requires the · long-run elasticity 

of demand and this is assumed to be relatively inelastic (McNamara 

and Martin 1979). While it is generally assumed that demand is 

somewhat more elastic in the long-run than the data in Table 7, 

this is probably not the case today. It would seem that most ad~ 

justments in demand have been made as a result of the 1973 and 1979 

increases in energy prices. Additionally, most demand elasticities 

are calculated for a single fuel. Here, the model requires long­

run elasticity of demand for energy in general, not just for one 

form of fuel. It would be expected that while the demand for any 

one fuel might be elastic, the demand for energy would be inelastic. 

The elasticities used are consistent with established data (Haus­

man 1975, p. 542). 

TABLE 7 

DEMAND ELASTICITIES 

Sector 

Residential 

Commercial 

Industrial 

Electric 

Elasticities 

.50 

,45 

.60 

.50 

Industrial demand is rated slightly more elastic than the 

other sectors primarily due to industries' ability to alter fuel 



21 

consumption by altering output . The commercial sector demand is 

somewhat less elastic than the others due to relatively fixed oper­

ating hour fuel requirements. 

As in supply, due to the variance in the values that could 

be assigned to demand elasticities, several runs of the model were 

made using high and low estimates of demand elasticity. There was 

little variance in long-term prices or trends. The conclusion is 

that the model is relatively insensitive to various calculations 

of ine l astic demand. The importance of demand elasticities lies 

in whether they are elas t ic or inelastic . 

DEMAND GROWTH 

TABLE 8 

DEMAND GROWTH IN FLORIDA 

Average Annual Growth Rate 
Sector 

High Low 

Residential 3. 5% 2.5% 

Commercial 3.0% 2.0% 

Industrial 2.0% 1.0% 

Electric 5. 0% 4.0% 

Demand growth is the expected average annual increase in 

energy consumption for each sector. Two estimates of this are used 

in the model: a high and a low estimate for each sector , The high 
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estimate for the residential, commercial, and industrial sectors is 

consistent with the data presented in Table 9. 

TABLE 9 

ENERGY CONSUMPTION: AMOUNT CONSUMED BY SECTOR IN FLORIDA, 

SELECTED YEARS 1974 THROUGH 1990 

Sector 

Residential 

Commercial 

Indust r ial 

(ROUNDED TO TRILLIONS OF BTUS) 

Historical 

1974 1975 1976 1977 1978 

429.3 445.8 459.1 494 .5 524.6 

298.9 316.5 333.5 353.9 376.3 

270.1 252.1 302.0 337.0 356.9 

Projected 

1990 

716.9 

537.0 

413.7 

SOURCE: Thompson, Ralph B., ed., Florida Statistical Ab­
stract (Gainesville, Florida: The University Presses of Florida, 
1979), Table 15.91, p. 358. 

The high estimate for electrical consumption is consistent 

with projections made by the Florida Public Service Commission 

(Public Service Commission 1979). Given a decrease in mobility, 

increasing housing costs, and the possibility of a higher than ex-

pected increase in the price of energy, it is possible that esti-

mates, based on projections which are already a year old, may be 

too· high. Therefore, a lower demand growth is also used. This es-

timate is determined by simply subtracting one percentage point 

from the high estimate. 



Growth 

Capacity 
Growth 

TABLE 10 

CAPACITY GROWTH 

Petroleum Natural Gas 

.02 -.001 

Fuel 

Nuclear Coal 

.0 .03 

The capacity growth values in the model are intended to 

reflect some increase in the production capacity of fuel in the 

23 

area. Because very little of the fuel used in the area is produced 

here, the values are relatively small and reflect an increase or 

tiecrease in use, storage, and possible increases in refinement ca-

pability in the future. 

RESERVE DEPLETION RATES 

The reserve depletion rates are based on the long-run mar-

ginal costs of the productions of various fuels. It is represen-

tative of the change in consumption that can take place without a 

change in cost. The long-run marginal cost curve for each fuel is 

relatively flat (Anderson and DeHaven 1975). The model assumes 

that an increase in consumption of 50,000 BTUs would bring about a 

.001$/106 BTU increase in cost. The effect of this variable was 

tested by cutting consumption to 25,000 BTUs. This test had no 

statistical effect on the model's predictions. It is therefore 
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assumed, given the relative flatness of the marginal cost curves 

for the fuels, that a relatively large change in consumption would 

be necessary to bring about a change in price. 



CHAPTER III 

ANALYSIS OF T~ IE RESULTS 

Three cases of future energy prices are established for each 

sector. These cases are established through the use of differing 

average annual energy price inflation rates . Inflation rates of 5% 

and 6% are used for the best case estimation, 7% and 8% for the ex­

pected case estimation, and 9% and 10% rates of inflation are used 

for worst case estimations. The price data for each sector tends 

to indicate a low inflation rate. However, it should be noted that 

the price increases of 1979 are not included . Those increases 

would raise the i nfla t ion rate. 

Using two in f lation rates for each case establishes some 

range within which sector energy prices should fall (in the elec­

trical sector the same is true with the exception being that the 

price given is the price paid by the other three sectors for elec­

tricity). In addition, two average annual growth rates are used 

for each year at each inflation rate, for each sector which in­

creases the price range and varies fuel consumption to a degree. 

All three cases assume that prices are not flexible down­

ward as is logically expected when dealing with depletable re­

sources. The best case scenario assumes that over the time period 

involved, energy prices will increase slowly in a relatively stable 

25 
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market in both supply and demand. The expected case scenario 

allows for greater increases in prices in a less stable market. 

That is, these prices are more probable given oil deregulation, 

interruptions of foreign oil, and actions by producers both domes­

t ic and foreign, that would serve to increase price. Control of 

foreign supplies and of various international upheavals, as we 

have learned, is relatively impossible. So are the prediction of 

those events. Therefore, the third or worst case is based on both 

the variable involved in the best and expected cases and more fre­

quent disruptions of the energy market caused. by variables that are 

both endogenous and exogenous to the market. In short, the pre­

dictions of the model are based on conditions as they are now, 

which are subject to change. A change in one or more of the assump­

tions, or the appearance of a variable which significantly alters 

prices and is not in the model, will change those predictions. 

Therefore, three different scenarios are established in anticipation 

of these problems . 

Residential fuel consumption in the base year, 1978, was a 

total of 44.6 trillion BTUs. Approximately half of this was petro­

leum and half was natural gas. In the case of an average annual 

growth rate of 3.5%, residential use of petroleum declines at a 

rate of about one trillion BTUs per year while natural gas usage 

increases at about the same rate (Tables 11 and 12). With a growth 

rate of 2.5%, the consumption of petroleum declines slightly quick­

er and the increase in natural gas is a little slower. 
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Residential energy prices in the best case estimation in­

crease from 2.14$/106 BTU, to somewhere between 5.42 and 6.36$/106 

BTU, representing a two to three fold increase over the 17 year 

period covered. In the expected case estimation, prices show a 3. 5 

to 4 fold increase with the expected price falling somewhere in a 

range between 7.46 and 8.76$/106 BTUs. Best case prices are 

reached in the years 1989 and 1990, some five to six years earlier . 

In the estimation of the third, or worst case, prices increase 5 to 

6 fold falling somewhere in a range between 10 ,28 and 12.06$/106 

BTU. In this estimation, best area prices are reached six to eight 

years earlier (1987- 1989), The same relationship between the 

three cases are true given a demand growth of 2.5% with the excep­

tion that prices are between four to eight cents per million BTUs 

lower. Logically any solar innovation, based on price alone, should 

come about two to three years earlier in the worst case and some 

five to six years later in the best case, than in the expected case. 

Also, the use of any solar technology will come about more quickly 

given a higher annual average growth, which is generally true in the 

other sectors as well (commercial and industrial). 

The same conclusions can be drawn for the commercial sector 

that were drawn for the residential sector. The trend is a move 

away from the use of petroleum and a move toward natural gas 

(Tables 13 and 14). Again, the decline in the amount of petroleum 

consumed was slower in the higher growth case than in the lower 

case while natural gas consumption increased more quickly in the 
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32 

higher growth case than in the lower growth case (years 1982, 1987 

and 1989). 

Best case prices for 1994 fall somewhere between 4.70 and 

5.52$/106 BTU; expected prices fall between 6.47 and 7.60$/106 BTU, 

and worst case prices fall between 8.91 and 10.46$/106 BTUs (estima­

tes are based on a initial price of 1.72$/106 BTU~). Best case pri-

ces occur four to five years earlier in the expected case and seven 

to eight years earlier in the worst case scenario. Prices for the 

lower growth rate exhibit the same relationship, with the exception 

being that prices range five to eleven cents lower in the last year . 

In the industri~l sector at a two percent growth rate, the 

general trend is a move away from petroleum use and an increase in 

natural gas use. Coal, due mainly to the fact that its marginal 

productivity is so low compared to petroleum and natural gas, is 

eliminated after the first year. Price seems to be the major in-

fluence in the long term trends since there is little difference in 

the marginal productivities of petroleum and natural gas. It is 

probable that the industrial use of coal will increase rather than 

decrease because of price and long-term availability of the fuel 

which the latter is not taken into account by the model. In the 

simulation using a growth rate of 1%, the same trends persist. Be-

cause of the lower growth rate, petroleum consumption decreases 

more quickly and natural gas consumption increases more slowly than 

in the two percent growth simulation (Tables 15 and 16). 

Industrial energy prices increase from 1.0$/106 BTU in 1978 
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to somewhere between 2.87 and 3 ,37$/106 BTU ·in 1994 in the best 

case situation. In the expected case, final prices (1994) range 

between 3.96 and 4,64$/106 BTU while in the worst case final prices 

range between 5.45 and 6.39$/106 BTU. In the expected case, esti-

mation best case prices are arrived at some three to five years 

earlier (1990 - 1992). In the worst case simulation, best case 

prices are arrived at some six to seven years earlier . This rela-

tionship, as in the other sectors, is basically a result of the 

i nflation rate used. In the lower growth case (1 %), the same re-

l at ionships exist with the exception being that prices are between 

16 and 37 cents lower than in the higher growt h rate case. 

Four fuels are used for electrical production; petroleum, 

na t ural gas, nuclear and coal. The use of all four fuels increase 

(i n the other sectors petroleum use decreased) over the time period 

covered by the model. It is more useful here to look at the per-

centage increase in fuel consumption . Over the period of the model, 

petroleum consumption increased by 4.5%, coal increased 6.5%, na­

tural gas usage increased 32%, and nuclear increased 83%. The two 

major increases are in natural gas and nuclear. In the case of 

nuclear, this large increase is a function of the price of nuclear 

fuel (relatively cheap). The marginal productivity of nuclear 

fuel, when it is used as a fuel in the . production of electricity, 

is somewhat lower than the other fuels but its price is so much 

lower than the other fuels that the effect of the lower marginal 

productivity is nulified. Natural gas use also increases due to 
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low price and a high marginal productivity\ · These findings do not 

reflect the same trends as other studies and conditions indicate. 

The National Electric Reliability Council (NERC) reports 

show that natural gas consumption for electrical generation will 

decrease ·from 144.456 x 106 ~1CF in 1978 to 16 . 351 x 106 MCF in 1988 . 

This is opposite of what the model indicates. Coal use is expected 

to increase by about 390% between 1978 and 1988 instead of the 6.5% 

given by the model (National Electric Reliability Council 1979) . 

Nuclear, based on price alone, should follow the trend in-

dicated. However, with the recent negative social connotations 

attached to nuclear, it is highly probable that the growth of nu-

clear power may be zero. If nothing else, the time l ag involved in 

setting-up nuclear generation of electricity (licensing, studies, 

etc , ), is almost as long as the time period covered by the model. 

The significance of this is reflected in the price. If 

there i s not a significant increase in the use of nuclear fuel for 

generating electricity, due to social inhibitions, the price of 

electricity will be significantly higher . The price would be high-

er because nuclear fuel is much cheaper than the other fuels, which 

would replace it even though coal and natural gas are relatively 

inexpensive fuels when compared to oil. 

Prices for electricity follow the same patterns as they do 

for energy in the other sectors. Best case estimations range be­

tween 18.50 and 21.71$/106 BTU in 1994. Expected case estimations 

for 1994 range between 25.47 and 29.89$/106 BTU, and worst case 
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estimations range between 35.08 and 41.16$/106 BTUs~ In the ex­

pected case scenario, best case prices for 1994 are reached some 

five to six years earlier; 1989 - 1990. In the worst case scenario, 

best case prices for 1994 are reached some 6 to 7 years earlier; 

1988 - 1989 (data in Tables 17 and 18). 

In 1978, in constant dollars and given a 5% annual aver-

age growth, the average cost of 1000 KWhrs. of electricity was 

about $21.20. By 1994, given a 5% annual average growth, that 

dollar value will increase to a point somewhere between $63.10/1000 

KWhr. and $140.40/1000 KWhr. Given that the value of the dollar 

decreased in value by a little more than one half between 1967 and 

1978, and that it is not unlikely that this will occur again be­

tween 1978 and 1994, it can be assumed that real dollar values for 

electricity, that is the dollar value unadjusted for inflation , 

will range somewhere between $252 / 1000 KWhrs . and $562/1000 KWhrs . 

in 1994. In the lower demand growth case (4%), constant dollar 

prices for electricity in 1994 would range between $60.30/1000 KWhrs. 

and $134.20/1000 KWhrs. The unadjusted value for that same 1000 

KWhrs. would fall between $241.20 and $536.80 (lowest best case 

and highest worst case price estimation). Price data for electri­

city is listed in Table 19. 
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TABLE 19 

SELECTED PRICES FOR ELECTRICITY: CONSTANT ¢/KWHR . 

Year 

1978 1980 1983 1985 1988 1990 1994 

5% Average Annual 
Growth Case 

5% Average Annual 
Inflation 2.12 2.43 2.98 3.42 4. 20 4. 81 6. 31 

6% Average Annual 
Inflation 2. 12 2. 48 3.14 3.67 4 .. 64 5.42 7.41 

7% Average Annual 
Inflation 2.12 2.53 3.29 3. 94 5. 12 6.11 8.69 

8% Average Annual 
Infla t ion 2.12 2.58 3.47 4. 22 5. 67 6.89 10. 19 

9% Average Annual 
Infla t ion 2.12 2.63 3.65 4. 53 6.26 7. 77 11. 97 

10% Average Annual 
Inflation 2.12 2.69 3.84 4. 86 6.92 8. 76 14.04 

4% Average Annual 
Growth Case 

5% Average Annual 
Inflation 2.12 2.42 2.94 3. 35 4. 08 4. 64 6.03 

6% Average Annual 
Inflation 2.12 2.47 3. 10 3.59 4. 51 5. 24 7. 10 

7% Average Annual 
Inflation 2.12 2.52 3. 25 3.86 4. 98 5.91 8.30 

8% Average Annual 
Inflation 2.12 2.57 3.42 4.14 5.50 6.66 9.74 

9% Average Annual 
Inflation 2.12 2 62 3. 59 4.44 6.08 7.51 11.43 

10% Average Annual 
13.42 Inflation 2.12 2.67 3.78 4.76 6.72 8.47 

K~Jhr. = 3412 BTUs 



CHAPTER IV 

PRICING ANALYSIS FOR RESIDENTIAL USE OF SOLAR 

Most solar heating is in the form of low-grade hea t . A 

Swiss scientist, Nicolas de Saussure, is given credit for the in­

vention of the flat-plate collector in the eighteenth century 

(Hayes 1977). More than one third of the money spent on energy by 

nations is spent on that type of low-grade heat that could be pro­

vided by a flat-plate collector. Until they were replaced by low 

cost gas and electric heaters, solar water heaters were very common 

in Florida (Hayes 1977). With the recent inc reases in energy costs, 

these flat-plate type of collectors are beginning t o become more 

popular . In order to see why it is necessary to estimate the pay­

back periods, or the amount of time it will take to recover the 

initial costs of the solar system . Payback pe r iods are calculated 

by estimating the total of the dollar value of the energy saved in 

each year the system is used . 

Several assumptions are made before actually calculating 

payback periods. It is assumed that the average single family resi­

dence is 1500 square feet in size, that it has a constant load of 

80 gallons of water per day to be heated 60° F (for hot water heat­

ing), and that it has a thermal load, for space heating of 10 BTU/ 

DD/ft2. "Thermal load is defined as the total heat required by the 

41 
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building per day per degree farenheit temperature difference be­

tween the inside temperature and the outside temperature" (Joint 

Economic Committee, Congress of the United States 1977). Given 

this data, it is possible to staze collector size required for var­

ious percentage substitution of solar for conventional fuels . 

These are listed in Table 20. 

For Florida, to heat 25% of hot water requirements requires 

collector area of 11.1 square feet, for 50% requires a collector 

size of 25.5 square feet, and 75% solar substitution requires a 

collector size of 47.1 square feet. Sizes for residential space 

heating are approximately the same. Substi t ution of solar for 25% 

of conventional fuel use requires a collector area of 11 square 

feet, for 50% substitution collector size must be 26 square feet and 

for 75% collector size must be 50 square feet . 

System costs for residential solar water and space heating 

range between $15.00 to $30 per square foot (Bennington 1978) . Var­

iance in price is associated with the differences involved in the 

quality and type of construction involved with the equipment. In 

this case, a low figure of $18.00 per square foot will be used ~ 

This assumes that a medium quality system is bought, the equipment 

will be paid for in cash thereby eliminating any additional costs 

incurred through financing and that the consumer takes advantage of 

available tax credits (also assumes a $1, constant, increase in 

price between 1978 and 1980).. These dollar figures are in current 

dollar values. The calculated cost for energy is in terms of con-



TABLE 20 
Collector Area Re~uir~ents* Eoc 25 50 and 75 p ere eo t ~ 1 wO ar F r Jc t _ •.)O 

Residential Sp:tce Heat** DoGlestic H'Jt ·..:acec ~•• 
State 

25Z SO% 7SI 25l so..: 

Alabama 98 254 525 12.2 28.1 
Arizona so 127 255 9 . 0 20. 7 
Arkansas 119 312 6)4 12.J 28. J 
Ca 1ifornia 35 93 19 5 10 . 2 n . ~ 
Colorado 126 218 651 16.2 )9 . 3 
Connecticuc 154 405 842 19.5 ~~.1 

Delaware 155 40 7 850 12.9 Z'J. 7 
Florida 11 26 j0 11. 1 2 5. 5 
Georgia 95 254 525 12. 2 23.1 -Idaho lJ9 38 7 867 1 s. 2 )f:J. 9 
Illinois 190 506 10~4 13.9 45.9 
Indiana 174 47] 1009 13. 4 41, . 7 
Iov-1 19 2 506 1059 1 g. 2 ~~ . 1 

l'...lnS .lS 152 )9~ 82J 17 . 6 t-2.3 
:<~ntucky 171 459 979 14.0 J 2. 5 
Louisiana 97 252 510 lJ.!. ~().1 

~1aine 176 462 364 17 . 5 42.5 
~tary1and 1JS 348 725 12.4 29 .5 
t-'...::1ssach usetts 175 ~57 148 l'J .4 4 7. 0 
!tichigan 19 7 SJ 7 11]9 19. 2 4 7. ~ 
~innesota 205 •. 547 115J 17.0 4l.J 
Mississippi 97 25 2 510 1].4 JO. J 
:-1i5SOU r i 147 390 319 16.8 4().d 
Montana 161 428 920 15 . 7 } 8. 2 
'{e~rask..a 168 4]8 912 16 . 1 J'L 2 
Ne•tada 69 178 )61 '1.6 1 ') . 7 
~ le•.t Hampshire 2]6 6]8 1JS'3 20·. 3 4'). J 
Neu Jersey 1)5 407 !350 1 ~ . 'J :'J . 7 
~leu :-ie :dco 'lJ 2J6 :.a J !3 . 7 l'J .I) 
NP.f.t York 170 L.l.] 922 1 J. 5 )1, 2 
:rort!l Carolina tlJ 23~ sa a 12. 2 2~.1 

~~o rth Dako ca 19) 520 1100 15.4 J 7. 4 
Ohlo 210 S-36 1.281 zo. J '· ') . ~ 
Okl.1homa 111 284 sa 2 11.2 25.6 
Or~~on 124 JS9 3::7 1~.') JO. S 
Pennsyl·..t-ln L:t 19 J 518 110 l l'J.6 4 i. 5 
Rhode Island 155 403 8 38 13. 7 45 . 4 
South Carolina 71 18) J6 J 11. 7 2,. 7 

South Dakota 134 404 839 1.3 . 6 J 7., 
Tennessee us J42 716 12 .6 29.1 
Tex.1s 80 ::as 4ll 10 . 9 25.1 
Utah 1)0 J50 751 1J . 8 )),j 

v.; nnonc 2J6 6J>3 1)55 20 < J .'.9.) 

Vir-ginl.1 1JS J46 71) 12 . 5 28. 7 
Wa shington lJ7 4()8 ')84 15 . 9 )7 . 6 
'.J~s t Vlrginia 1 '] 5 • 5 25 11J4 22 . 0 5).4 

~lsconsin 196 5J2 112') 17 . 4 42, ) 

~yomlng 11·1 )38 728 1 s. J )7 . ~ 
-

•Cu1l,.rtnr .tr••,t<J .trl' ln square feet for each fr;'lc':lon cob~ prf)­

vided by snla.r ~nergy. 

z 
\*Assuming a 10BTU/OO/fc Sin~1e-f3rni17 Re~id~nce (1500 s~. (t.) 

7 s: 

52.4 
]8 . 6 
52 . 1 
4]. 6 
f:J 2 . 4 
71.4 
55.9 
4 7. 1 
52.~ 

S'J.O 
i 2 . 9 
]() , '} 

71) . 0 
sa.Q 
t,l,-) 

53.0 
r, 7 . r, 
s). J 
n . 7 
7 5. J 
65.5 
Sd.O 
~-~. 3 
')0 . 9 

6 2. 2 
~ r, . ; 
78 . 2 
5) . '] 

J ,) • 1 
5~ . 9 

5 ~ . l. 

5?. ~ 
77.0 
~ 7 . 6 
~-1 . 1 
7 s . .s 
7:.2 
49 , , 
-so .o 
54.9 
41i .. 3 
; J. 1 
78. 2 
s J . 7 
74 . 6 
as.s 
6 7. 2 
s ') . t 

':l 
u•Assuming a constant lo.1d of 80 gallons per day to b~ !'te ·H~d t,O F. 

SOURCE: Joint Economic Committee, Congress of the 
United States, The Economics of Solar Home Heating. 
Washington, DC: Government Printing Office, 1977, p. 44. 
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stant dollars. A deflator of 2,0 is used in ·order to convert solar 

costs to constant dollar prices (U.S. Bureau of the Census 1979). 

Therefore, constant dollar costs for residential solar will be $9 

per square foot. This makes the system cost $900 for a solar system 

that would provide 75% of the water and space heating needs for an 

average residence. 

The formula used to calculate the savings received by using 

solar equipments is (Scott, Melicher and Sciglimpaglia 1974): 

n 
E (Q Fuel Use)(Substitution Rate)(Cost of Fuel Used) 

i=1 

n = Number of Years Required 

This formula is calculated each year until the savings realized from 

solar equal the systems cost. In order to estimate the quantity of 

fuel used for water and space heating, a factor of ,5 could be 

applied to the average electric consumpt1on and an factor of .72 

will be applied to petroleum and natural gas (it would be expected 

that more of the oil and natural gas supplied to residences would 

be used for water and space heating because those fuels can be 

used in few other areas as opposed to electricity which can be used 

for all applications within the household)(Scott, Melicher and 

Sciglimpaglia 1974). 

In 1974 in the Miami area, average customer consumption of 

natural gas was 33f3 therms per month (Scott, Melicher and Sciglimpa­

glia 1974). This was increased to 35 therms per month to account 
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for users in northern sectors of Florida. After converting to BTU 

(1 term= 100,000 BTUs) and multiplying by a factor of .72, annual 

consumption of natural gas is 30 x 106 BTUs (since this is now in 

BTUs, and more than half, 68% of petroleum consumption is in the 

form of LP gas, it will be assumed that this applies to petroleum 

as well. It is now possible to use the energy price for the resi ­

dential se~tor estimated by the model). 

For a purchase of solar equipment in 1980, using best 

case prices, 5% annual inflation, in the annual growth scenario of 

3 . 5 ~, the i n i t i a 1 i n v e s tm en t i n so 1 a r for water and space heat i n g 

will be recovered by 1990. After that, any money saved could be 

put towards annual energy costs (other 25% of wa t er and space heat­

ing done by petroleum and natural gas). The ave rage life of this 

type of solar system should be about 25 years (Thompson 1979, p. 

352). Tables 21 - 26, expected (7%) and worst (9%) cases in the 

annual growth scenario of 3.5%, and best (5%), expected (7%), and 

worst (9%) in the annual growth scenario of 2.5%, reflect the same 

outcome except with differing payback periods . The higher the 

energy price, the shorter the payback period. 

By using the lower price form the rang_e established for 

each case, these paybacks are probably overstated, However, the 

payback periods are consistent with that of other studies ! 

Tables 21 ,... 26 show the esti·mated payback periods for a 

residential water and space heating system that replaces 75% of 

water and space heating done by electric. The house size, system 



TABLE 21 

PAYBACK PERIOD FOR A RESIDENTIAL SITE USI~G BEST CASE PRICES: 

3.5% DEMAND GROWTH SCENARIO FOR 

PETROLEUt·1 AND NATURAL GAS 

% Energy Yearly 
Year Substitution Consumption Price Savings· 

1980 ( . 7 5) (30x106 BTU)(2.41$/106 BTU) = $54.23 

1981 (. 75) (30x106 BTU)(2.56$/106 BTU) = 57.60 

1982 (. 75) (30x106 BTU)(2.71$/106 BTU) = 60.98 

1983 (. 7 5) (30x106 BTU)(2 .88$/106 BTU) = 64.80 

1984 (.75) (30x106 BTU)(3.06$/106 BTU) = 68.85 

1985 (. 75) (30x106 BTU)(3.24$/106 BTU) = 72.90 

1986 (. 7 5) (30x106 BTU)(3 .44$/106 BTU) = 77.40 

1987 (.75) (30x106 BTU)(3.65$/106 BTU) = 82.13 

1988 (. 7 5) (30x106 BTU)(3.88$/106 BTU) = 87.30 

1989 (. 7 5) (30x106 BTU)(4.11$/106 BTU)= 92.48 

1990 (. 7 5) (30x106 BTU)(4.37$/106 BTU) = 98.33 

1991 (. 7 5) (30x106 BTU)(4.64$/106 BTU) = 104.40 

TOTAL SAVINGS $921.00 
(Rounded) 

(12 Year Payback) 

46 

The estimated payback period for solar investment is 12 
years when substituting solar for 75% of the petroleum and natural 
gas normally used, using best case price estimations assuming a 
3.5% demand growth, 
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TABLE 22 

PAYBACK PERIOD FOR A RESIDENTIAL SITE USING EXPECTED CASE PRICES: 

3.5% DEMAND GROWTH SCENARIO FOR 

PETROLEU~~ AND NATURAL GAS 

% Energy Yearly 
Year Substitution Consumption Price Savi.ngs 

1980 ( . 7 5) (30x106 BTU) (2.51$/106 BTUs) = $56.48 

1981 (. 7 5) (30x106 BTU) (2.72$/106 BTUs) = 61.20 

1982 (. 7 5) (30x106 BTU) (2.94$/106 BTUs) = 66.15 

1983 (.75) (30x106 BTU) (3 .18$/106 BTUs) = 71 . 55 

1984 ( . 7 5) (30x106 BTU) (3.45$/106 BTUs) = 77.625 

1985 (. 7 5) (30x106 BTU) (3.73$/106 BTUs) = 83.925 

1986 (. 7 5) (30x10 6 BTU) (4 .04$/106 BTUs) = 90 . 90 

1987 (. 7 5) (30x106 BTU) (4.37$/106 BTUs) = 98.33 

1988 (. 75) (30x106 BTU) (4.74$/106 BTUs) = 106 . 65 

1989 (. 75) (30x106 BTU) (5.13$/106 BTUs) = 115.43 

1990 (. 75) (30x106 BTU) (5.55$/106 BTUs) = 124.875 

TOTAL SAVINGS $953.100 

(11 year payback) 

The estimated payback period for solar investment is 11 
years when substituting solar for 75% of the petroleum and natural 
gas normally used, using expected case price estimations assuming 
a 3.5% demand growth. 



TABLE 23 

PAYBACK PERIOD FOR A RESIDENTIAL SITE USING WORST CASE .PRICES : 

3, 5% DEMAND GRO\~TH SCENARIO FOR 

PETROLEUM AND NATURAL GAS 

% Energy YearlY 
Year Substitution Consumption Price Savings 

1980 (. 7 5) (30x106 BTU) (2.61$/106 BTUs) = $58.73 

1981 (. 7 5) (30x106 BTU) (2.88$/106 BTUs) = 64.80 

1982 (. 7 5) (30x106 BTU) (3.18$/106 BTUs) = 71.55 

1983 (. 7 5) (30x106 BTU) (3.52$/106 BTUs) = 79.20 

1984 ( . 75) (30x106 BTU) (3.88$/106 BTUs) = 87.30 

1985 (. 7 5) (30x106 BTU) (4.29$/106 BTUs) = 96 . 53 

1986 (.75) (30x106 BTU) (4.74$/10 6 BTUs) = 106.65 

1987 (. 7 5) (30x106 BTU) (5.24$/106 BTUs) = 117.90 

1988 (. 7 5) (30x106 BTU) (5 o78$/106 BTUs) = 130.05 

1989 (. 7 5) (30x106 BTU) (6.39$/106 BTUs) = 143.775 

TOTAL SAVINGS $956.880 

(10 year payback) 
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The estimated payback period for solar investment is 10 · 
years when substituting solar for 75% of ~he pet~ole~m and natur­
al gas normally used, using worst case pr1ce est1mat1ons assum-
ing a 3.5% demand growth~ 



TABLE 24 

PAYBACK PERIOD FOR A RESIDENTIAL SITE USING BEST CASE PRICES: 

2.5% DEMAND GROWTH SCENARIO FOR 

PETROLEUM AND NATURAL GAS 

% Energy Yearly 
Year Substitution Consumption Price Savings 

1980 (. 7 5) (30x106 BTU) (2.41$/106 BTUs) = $54.23 

1981 (. 7 5) (30x106 BTU) (2.55$/106 BTUs) = 57.38 

1982 (. 75) (30x106 BTU) (2.71$/106 BTUs) = 60.98 

1983 (. 7 5) (30x106 BTU) (2.87$/106 BTUs) = 64.58 

1984 (. 7 5) (30x106 BTU) (3.05$/106 BTUs) = 68.63 

1985 (. 7 5) (30x106 BTU) (3.23$/106 BTUs) = 72.68 

1986 (. 7 5) (30x106 BTU) (3.43$/106 BTUs) = 77.175 

1987 (. 7 5) (30x10 6 BTU) (3.64$/106 BTUs) = 81.90 

1988 ( . 7 5) (30x106 BTU) (3.86$/106 BTUs) = 86.85 

1989 (. 7 5) (30x106 BTU) (4 . 10$/106 BTUs) = 92.25 

1990 (. 75) (30x106 BTU) (4.35$/106 BTUs) = 97.83 

1991 (. 7 5) (30x106 BTU) (4c61$/106 BTUs) = 103.73 

TOTAL SAVINGS $918.24 

(12 year payback) 

The estimated payback period for solar investment is 12 
years when substituting solar for 75% of the petroleum and natur­
al gas normally used, using best case price estimations assuming 
a 2.5% demand growth. 
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TABLE 25 

PAYBACK PERIOD FOR A RESIDENTIAL SITE USING EXPECTED CASE PRICES: 

2.5% DEMAND GROWTH SCENARIO FOR 

PETROLEUM AND NATURAL GAS 

% Energy Yearly 
Year Substitution Consumption Price Savings 

1980 (. 7 5) (30x106 BTU) (2.51$/106 BTUs) = $56.48 

1981 (. 7 5) (30x106 BTU) (2.71$/106 BTUs) = 60.98 

1982 (.75) (30x106 BTU) (2.94$/106 BTUs) = 66.15 

1983 (. 7 5) (30x106 BTU) (3.18$/106 BTUs) = 71.55 

1984 (.75) (30x106 BTU) (3.44$/106 BTUs) = 77.40 

1985 (. 7 5) (30x106 BTU) (3.72$/106 BTUs) = 83.70 

1986 (. 75) (30x106 BTU) (4.03$/106 BTUs) = 90 . 68 

1987 (. 75) (30xl06 BTU) (4.36$/106 BTUs) = 98.10 

1988 (.75) (30xl06 BTU) (4.72$/106 BlUs) = 106.20 

1989 (. 7 5) (30xl06 BTU) (5.11$/106 BTUs) = 114.98 

1990 (. 7 5) (30x106 BTU) (5.53$/106 BTUs) = 124.43 

TOTAL SAVINGS $950.63 

(11 payback periods) 

The estimated payback period for solar investment is 11 
years when substituting solar for 75% of the petroleum and natur­
al gas normally used, using expected case price estimations assum-
ing a 2.5% demand growth. 



TABLE 26 

PAYBACK PERIOD FOR A RESIDENTIAL SITE USING WORST CASE PRICES : 

2.5% DEMAND GROWTH SCENARIO FOR 

PETROLEUM AND NATURAL GAS 

% Energy Yearly 
Year Substitution Consumption Price Savings 

1980 (. 75) (30xl06 BTU) (2.61$/106 BTUs) = $58.73 

1981 (. 7 5) (30xl06 BTU) (2.88$/106 BTUs) = 64.80 

1982 (. 7 5) (30x106 BTU) (3.18$/106 BTUs) = 71.55 

1983 (. 7 5) (30x106 BTU) (3.51$/106 BTUs) = 78.98 

1984 (. 7 5) (30x106 BTU) (3.88$/106 BTUs) = 87.30 

1985 (. 7 5) (30x106 BTU) (4.28$/106 BTUs) = 96.30 

1986 (. 7 5) (30xl06 BTU) (4.73$/106 BTUs) = 106.43 

1987 (.75) (30xl06 BTU) (5.22$/106 BTUs) = 117.45 

1988 (. 7 5) (30xl06 BTU) (5.76$/106 BTUs) = 129.60 

1989 (. 75) (30xl06 BTU) (6.36$/10 6 BTUs) = 140.85 

TOTAL SAVINGS = $951.975 

(10 payback periods) 

51 

The estimated payback period for solar investment is 10 
years when substituting solar for 75% of the petroleum and natur­
al gas normally used, using worst case price estimations assum~ 
ing a 2.5% demand growth~ 
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cost and payback calculations are the same as . they were for natural 

gas and petroleum, It is assumed that 50% of electricity used in a 

residence is used for water and space heating. 

Using the average annual electric consumption per customer 

gives a value of 5429 KWhrs. per year (Lottman 1980). That number 

of KWhrs. generally under states the actual KWhr. consumption. For 

a single individual heating 20 gallons of water per day could ex ~ 

pect to use 130 KWhrs. per month to heat that water 60-65° F. That 

wculd include 95 KWhrs. for water heating and a loss of 35 KWhrs. 

for storage. The 130 KWhrs. value is multiplied by .four to obtain 

the 80 gallons of water used in the study. The reason it cannot be 

multiplied by four, is that after the first individual, much of that 

water is used for community uses (dishwashing, laundry, etc ~ ) . The 

probable KWhrs. per month needed for 80 gallons of water per day 

would be around 300 KWhrs~ per month and this may be over stated 

slightly (Lottman 1980), Using the 300 KWhrs, per month estimation 

makes the annual consumption for heating hot water 3600 KWhrs. 

When calculating space heating values for a 1500 square 

foot home, there is a great deal of variance due to building con­

struction and equipment used to heat with. Assuming a heat loss of 

abo~t 22 BTUs/square foot (windows, doors, etc.), and an average of 

600 heating hour~ per year, KWhr. per year consumption can range 

from 2320 KWhr. for a heat pump system, to 5800 KWhr, for a strip 

heating system, Combining these estimations, makes the range for 

KWhr./year used for heating water and space between 5920 for the 



TABLE 27 

PAYBACK PERIOD FOR A RESIDENTIAL SITE USING BEST CASE PRICES: 
5% DEMAND GROWTH SCENARIO FOR ELECTRIC 

% Energy Yearly 
Year Substitution Consumption Price Savings 

1980 (. 7 5) (5920 K~~hrs. ) (. 0243¢/ KWhrs. ) = $107.89 

1981 (. 7 5) (5920 K~~hrs. ) (. 0260¢/ KWhrs 0) = 115.44 

1982 ( . 7 5) ( 5920 KWhrs. ) (. 0280¢/ KWhrs. ) = 124.32 

1983 (.75) (5920 K~vhrs. ) (. 0298¢/ KWhrs. ) = 132.31 

1984 (. 75) (5920 K~Jhrs.) (. 0320¢/ KWhrs. ) = 142.08 

1985 (.75) ( 5920 KWhrs. ) (. 0342¢/ KWhrs. ) = 151.85 

1986 ( .75) (5920 KWhrs. ) ( . 0366¢/ KWhrs. ) = 162.50 

TOTAL SAVINGS $936.40 

(7 payback periods) 

The estimated payback period for solar investment is 7 
years when substituting solar for 75% of the electricity nor­
mally used, using best case price estimations assuming a 5% de-
mand growth~ 

53 



54 

TABLE 28 

PAYBACK PERIOD FOR A RESIDENTIAL SITE USING EXPECTED CASE PRICES: 

5% DEMAND GROWTH SCENARIO FOR ELECTRIC 

% Energy Yearly 
Year Substitution Consumption Price Savings 

1980 (. 7 5) ( 5920 KWhrs. ) (. 0253¢/ K~lhrs. ) = $112.33 

1981 (. 7 5) (5920 KWhrs.) (. 027 6¢/ K~~hrs. ) = 122e54 

1982 ( . 7 5) ( 5920 KWhrs. ) (. 0302¢/ KWhrs. ) = 134.09 

1983 (. 7 5) (5920 KWhrs .) (. 0329¢/ KWhrs. ) = 146.08 

1984 (. 7 5) (5920 KWhrs.) (. 0360¢/ KWhrs. ) = 159.84 

1985 (. 75) (5920 KWhrs. ) ( 0 0394¢/ KWhrs. ) = 174.94 

1986 (. 7 5) (5920 KWhrs.) (. 0429¢/ KWhrs . ) = 190.48 

TOTAL SAVINGS $1040.29 

(6.25 payback periods) 

The estimated payback period for solar investment is 6,25 
years when substituting solar for 75% of the electricity normally 
used, using expected case price estimations assuming a 5% demand 
growth. 



TABLE 29 

PAYBACK PERIOD FOR A RESIDENTIAL SITE USING WORST CASE PRICES : 

5% DEMAND GROWTH SCENARIO FOR ELECTRIC 

% Energy Yearly 
Year Substitution Consumption Price Savings 

1980 ( . 7 5) (5920 KvJhrs. ) (. 0263¢/ KvJhrs . ) = $116.77 

1981 ( . 7 5) (5920 KWhrs.) ( o 0294¢/ KWhrs. ) = 130.54 

1982 (. 7 5) ( 5920 K~~hrs.) (. 0330¢/ KWhrs . ) = 146.52 

1983 ( 0 75) ( 5920 KWhrs. ) (. 0365¢/KWhrs.) · = 162.06 

1984 (.75) (5920 KWhrs.) ( .0410¢/KWhrs.) = 182.07 

1985 (. 7 5) (5920 KWhrs.) (. 0453¢/ KWhrs. ) = 201 . 13 

TOTAL SAVINGS $939 .06 

(6 payback periods) 

The estimated payback period for solar inve~t~ent is 6 
years when substituting solar for 75% of the electr1c1ty normal­
ly used, using worst case price estimations assuming a 5% demand 
growth. 
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TABLE 30 

PAYBACK PERIOD FOR A RESIDENTIAL STTE USING BEST CASE PRICES : 

4% DEMAND GROWTH SCENARIO FOR ELECTRIC 

% Energy Yea r ly -
Year Substitution Consumption Price Savings 

1980 ( 0 7 5) ( 5920 KWhrs.) ( . 0242¢/ KWh rs . ) = $107 .45 

1981 (. 7 5) ( 5920 KWhrs. ) (. 0258¢/ KWhrs . ) = 114.55 

1982 ( . 75) ( 5920 KWhrs. ) (. 027 6¢/ KWhrs. ) = 122 .544 
•. 

1983 (. 7 5) ( 5920 KWhrs . ) (. 0294¢/ KWhrs. ) = 130.536 

1984 (.. 7 5) ( 5020 KHhrs. ) ( . 0314¢/KWhrs . ) = 139.42 

1985 ( . 75) (5920 K~Jhrs. ) ( . 0335¢/ KWhrs. ) = 148.74 

1986 (. 7 5) ( 5920 KWhrs. ) ( . 0358¢/ KWhrs . ) = 158.95 

TOTAL SAVINGS $922 . 192 

(7 payback periods) 
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The estimated payback period for solar investment is 7 
years when substituting solar for 75% of the electricity normally 
used, using best case price estimations assuming a 4% demand growth~ 
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TABLE 31 

PAYBACK PERIOD FOR A RESIDENTIAL SITE USING EXPECTED CASE PRICES: 

4% DEMAND GROWTH SCENARIO FOR ELECTRIC 

% Energy Yearly 
Year Substitution Consumption Price Savings 

1980 ( .. 75) (5920 KWhrs.) (. 0252¢/KWhrs.) = $111.88 

1981 (. 75) (5920 KWhrs.) ( .. 027 4¢/ KWhrs. ) = 121.66 

1982 (.75) (5920 KWhrs.) ( . 02 98¢/ Kt~hrs. ) = 132 .. 31 

1983 (. 7 5) (5920 KWhrs.) (. 0325¢/ KWhrs. ) = 144.30 

1984 (. 75) (5920 KWhrs.) (. 0354¢/ KWhrs. ) = 157.176 

1985 (. 75) (5920 KWhrs.) ( . 0386¢/ KWhrs. ) = 171.384 

1986 (.75) (5920 KWhrs.) (. 0420¢/ KWhrs. ) - 186.48 

TOTAL SAVINGS $i025.19 

(6.25 payback periods) 

The estimated payback period for solar investment is 6.25 
years when substituting solar for 75% of the electricity normal­
ly used, using expected case price esttmati'ons assumi·ng a 4% 
demand growth. 



TABLE 32 

PAYBACK PERIOD FOR A RESIDENTIAL SITE USING WORST CASE PRICES: 
4% DEMAND GROWTH SCENARIO FOR ELECTRIC 

% Energy Yearly 
Year Substitution Consumption Price Savings 

1980 (. 7 5) (5920 KWhrs. ) (. 0262¢/KWhrs.) = $116.328 

1981 (. 7 5) (5920 KWhrs. ) (. 0290¢/ K~~hrs. ) = 128.76 

1982 (.75) (5920 KWhrs.) (. 0323¢/ KWhrs. ) = 143.412 

1983 (. 75) (5920 KWhrs.) (. 0359¢/ KWhrs.) = 159.396 

1984 (.75) (5920 KWhrs. ) (. 0399¢/ KWhrs. ) = 177.156 

1985 (. 7 5) (5920 KWhrs.) (. 0444¢/ KWhrs. ) = 197.136 

TOTAL SAVINGS $922.188 

(6 payback periods) 

The estimated payback period for solar investment is 6 
years when substituting solar for 75% of the electricity normal­
ly used, using worst case prtce estimations assuming a 4% demand 
growtht 
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most efficient and 9400 KWhrs. for the least · efficient (Lottman 1980) . 

The most efficient figure will be used, Usi~g the lowest KWhr. es­

timation, will yield the longest payback period. 

The payback periods for substitution of solar for electric 

are shorter than the payback periods for substitution of solar for 

petroleum or natural gas. A shorter payback period was to have been 

expected due to the higher price of electricity per BTU. If the 

solar system were purchased in 1985, it would be expected that the 

payback periods would be shorter . 

The preferred method for estimating payback periods would 

be to estimate hot water and space heating needs for each residence , 

It should be obvious that not every house is 1500 square feet and 

has four people in it. 

The conclusion reached, is that with payback periods rang­

ing from 6 to 12 years in length, solar energy installattons are 

economically attractive today. While the incentive for replacing 

electricity with solar is greater, the payback periods on the solar 

system that is substituting for petroleum and natural gas, is less 

than half the systems expected lifetime and should generate enough 

funds to replace itself and partially pay for the other 25% energy 

required, 

Industrial and commercial sector payback periods are not 

considered here. Residential size does not vary as much, nor do 

the energy consumption patterns differ greatly. In the commercial 

sector, for example, there is quite a difference in the KWhr. re-
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quirements for water heating between a law office and a commercial 

laundry. The same situation is true for industrial situations. 

A papermill will use more hot water than an electrical motor fac­

tory. 

The solution ts to do each commercial or industrial appli­

cation individually in order to determine its needs _ The same 

type of analysis would be used as was applied in the residential 

sector. Caution should be taken when calculating sys~em cost for 

industrial applications. Prices for industrial solar systems are 

approximately one third the cost of residential systems , 



CHAPTER V 

SUMMARY 

Generally, given Florida's expected growth, the pri ce of 

conventional fuels should increase along with their consumption 

(which was assumed before the project was started) . Wha t i s parti ­

cularly interesting is the pattern of fuel consumption that devel­

oped. Given the conditions of the model, Florida is going to be~ 

come less dependent on oil, but increasingly dependent on natural 

gas for energy in the residential, commercial and industrial sec-

tors. 

The electrical sector patterns differ the most from what 

would be expected. Oil consumption increases slightly, which was 

not expected given the recent increases in the price of oil and the 

shortage of high quality Clew pollutant) oil , Natural gas increas ~ 

es as expected considering its high marginal productivity and low 

cost lnatural gas is also more efficient in meeting pollution 

standards), Also not expected was the relatively slow growth in 

coal use and the relatively high growth in nuclear electrtcal gen -

eration. 

Price was the deciding factor~ Nuclear fuel is about one 

fifth the price of its nearest competitor ! However, in this case , 

the price of the fuel itself is probably understated. The reason 
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for this is that the price of the fuel fails to account for the 

social costs (if not actual at least the perceived cost of elec­

trical energy generated with nuclear fuel as the consuming public 

sees it) involved in producing electricity using nuclear fuel . If 

it were possible to determine and quantify those social cos ts, it 

would be possible to include them in the costs of the fuel . It i s 

possible that, at this point in time, an action of this nature 

would make nuclear fuel more expensive per BTU than oil. While 

nuclear fuel becomes more expensive, coal would become cheaper due 

to government support and the availability or longevity of coal 

supplies. If these "new 11 prices were included in the model, it is 

probable that coal consumption would increase at a much faster rate 

while nuclear generation stayed constant or fell slightly . 

While it was shown that solar energy for the home is now 

economically viable, the impact of this on the results of the 

model was not considered. Medium to heavy solar innovation would 

have the same effect as changing the demand growths used in the 

models. With a greater percentage of the residential sector using 

solar systems, two resu1ts would be obtained. The use of oil and 

natural gas would change . While oil consumption would still de­

cline, it would decline a ltttle more quickly and natural gas con­

sumption would increase but do so more slowly ! Prices of oil and 

natural gas would tend to be somewhat lower than shown . 

There are several suggestions that can be made that would 

tend to improve the study. New estimates should be made using 1979 



price and consumption data as it becomes available. The model 

should be altered so as to include cross elasticities of demand 

and demand elasticities of each sector for each fuel should be 

used rather than the currently used demand for energy, Finally, 
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a more extensive test on the economic viability of solar innova­

tion should be performed using a life cycle cost analysis rather 

than the simple payback formula used here (although it is expected 

that the results would be similar) ~ 



APPENDIX 



TABLE 1 

Consumption of Pr ~~ary Energy in Florida by Sector 

1978 Usage in Trillions of BTUs 

Type Energy Sectors 

Consumed 
Electric Residential Commercial Industrial 

I 

Petroleum .. 
Liquified I 
Petroleum Gas 0.0 15.0 13".0 2. 6 

Distillate 
Fuel Oi1s 

Kerosene 0. 0 3.1 3.1 3.1 

Diesel 0.0 0.0 1"3.3 0. 0 

Other 
Distillate 
Fuels 29.7 4.1 11.2 23.8 

Total 
Distillate 
Fuel Oils 29.7 7. 2 27.6 23 .3 

Residual 
! Fuel Oils 453.6 0.0 1.3 84.0 

Tota 1 Petro 1 eum 433.3 22.2 41.9 110.4 

Natura 1 Gas 160.8 22.4 28 . 3 77 . 5 

Coal 163.8 0. 0 0.0 7.0 

Nuclear 169.9 0.0 0.0 0.0 

TOTAL PRIMARY 
EI~ERGY 980 .1 44.6 70 . 2 194.9 

SOURCE: Florida, Department of Energy, ,.Historical Consump­
tion of Primary Energy in Florida by Sector: 1978" (Tallahassee, 
FL, 1979). 
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