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ENERGY SUBSTITUTION IN IRRIGATION

Clifford P. Dobitz*

Introduction

Demand for electricity has become a concern of increasing importance for
public utilities. Prior to 1973, the issue of energy appeared aimost academic.
The real price of energy had been decreasing. But the OPEC cartel and the
subsequent escalating fuel prices have drawn an increasing amount of public
attention to substituting one form of energy for another.

In addition to electricity, consumers generally have a choice among solid,
liquid, and gaseous types of fuel. The decision as to which form of energy will
be utilized will depend partly on their relative prices.

Studies to determine the effects of changes in fuel prices on the con-
sumption of energy have been done with increasing regularity[1, 3, 4, 5].
However, while some studies mention that energy consumption involves a
fuel choice, they have not investigated fuel substitution over time. In this paper
we attempt to estimate the effects of fuel prices on the fuel choice decision.
We present the empirical evidence of energy substitution in the case of
irrigation in Nebraska.

These choices have direct relevance for public policy because the electrical
industry may be publicly owned (as in Nebraska) or publicly regulated.
Further, use of electricity for irrigation occurs during peak demand. Suppliers
are obligated to meet his demand on any day. An additional problem for public
policy is that the cost per kilowatt hour of electricity consumed at the peak (as
irrigation frequently does) is much higher than that same quantity of energy
used during the off-peak period [4].

Method

Cross-elasticity of demand is essential for efficient selection of inputs into a
production operation. This technical term describes the degree of re-
sponsiveness of demand for a good to a change in the price of a related good.

In this study we are concerned with various types of energy input for
purposes of running irrigation pumps. Suppose the price of diesel increases
more than the price of electricity. Some farmers, over time, will shift to
electricity because it has become relatively less expensive. Hence, demand
for electricity increases.

The model used in this study captures the responsiveness of farmers usage
of electricity resulting from changes in relative energy prices. Other factors
which may influence demand are held constant. The factors which are held
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constant are farmers income, relative prices of irrigation pumps, the price of
electricity used for irrigation and personal preferences of farmers regarding
different types of energy consuming irrigation systems.

Energy is a good which is consumed indirectly. It is an intermediate good
used as input to produce something which is consumed later. As a conse-
quence of this indirection, energy is consumed in conjunction with other
capital inputs. In the case of irrigation, as long as the capital stock remains in
place, the possibility of substitution is limited. Hence, in the short-run sub-
stitution to cheaper fuel types is difficult. Over time, as irrigation pumps are
replaced, farmers have the option of substituting one fuel type for another.
Thus, we expect long-run cross-elasticities to be larger than short-run cross-
elasticities.

The cross-elasticity coefficient (Eag) refers to the percentage change in the
demand for energy type A in response to a one percent change in the price of
energy type B. Let A and B represent types of energy, and Price of B is the
average price for energy type B over some specified time period.

oSales of A . Price of B
oPrice of B Sales of A

Eas

We use time-series data for 1960-1980 of electricity sales used for irrigation
in Nebraska. Itis assumed this time frame is of adequate length to capture the
dynamic substitution process caused by influences such as changing relative
prices. All estimation was done using the SHAZAM computer program for
econometric methods [White 1978].

Empirical Results and Conclusions

All of the cross-elasticity coefficients resulted in a positive relationship. This
indicates that diesel fuel and liquid propane gas are substitutes for electricity
for running irrigation pumps.

Time is an important determinant of the cross-elasticity coefficient. We find
the longer the time period, the more elastic (responsive) substitution
becomes.

The mean-cross-elasticity coefficient for the period 1975 through 1980 of
electricity, resulting uniquely from a one percent increase in the price of diesel
fuel, is +.13. This indicates, a one percent increase in the price of diesel fuel
causes a .13 percent increase in the use of electricity. For liquid propane fuel,
the cross-elasticity coefficient for the same period of timeis +.28. Thus, aone
percent increase in the price of liquid propane brings about a .28 percent
increase in the use of electricity. The statistical results for this short time
period (six observations) does not lend itself to meaningful interpretation. A
longer time frame is needed for the model to capture explanatory power which
can be interpreted statistically.

One would expect more response of substitution over a longer period of
time. The regression equation for electrical sales, using the price of diesel fuel
as the independent variable, from 1960 through 1980 is:
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KWHs = 5190 + .110390 * Price of Diesel Fuel
B (1.325) (6.55)
R? = .69 D-W = 93 Rho = .51
Cross-elasticity at the mean = .8003

The items relating to the equation consist of the dependent variable on the
left side of the equals sign, a constant term, the independent variable on the
right side of the equals sign and its coefficient, t-ratios in parentheses, the
Durbin-Watson coefficient (D-W), the autocorrelation coefficient (Rho), the
adjusted correlation coefficient ( R?) and the cross-elasticity coefficient at the
mean.

The mean cross-elasticity coefficient for the 21 year period from 1960
through 1980 for electricity, resulting uniquely from a one percent increase in
the price of diesel fuel, is +.80. This indicates that when the price of diesel
increases by one percent, farmers respond by increasing the consumption of
electricity by .80 percent.

The regression equation for electrical sales, using the price of liquid
propane gas as the independent variable, from 1960 through 1980 is:

KWHs = 3105 + 157590 * Price of LP Gas
(.876) (8.553)
Rz=.79 D-W= .95 Rho = .48
Cross-elasticity at the mean = .9881

For liguid propane fuel, the cross-elasticity coefficient for the 21 year period
is +.98. Hence, a one percent increase in the price of liquid propane causes a
.98 percent increase in the consumption of electricity.

The cross-elasticity coefficients indicate the response that consumers of
electricity, in the irrigation sector, make to any given change in the price of
energy. This response depends on the amount of time the new price signals
have been in place. Since energy is utilized in conjunction with irrigation
pumps to produce a useful product, the length of time a new price is in place is
important for analysis of energy substitution.

We conclude that farmers, given time, do respond to changes in relative
energy prices. This study also suggests that long-run cross-elasticity co-
efficients are meaningful as input to policy determination related to the

regulation of irrigation.
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Appendix: Data Used in Cross-elasticity Calculations for Nebraska

Year

1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980

Source:

Electricity
Consumption for
Irrigation
(millions of KWHS)

U
45.3
59.4
38.7
84.4
84.3
70.9
98.4

110.0
133.6
150.0
235.3
358.0
242.5
277.5
401.6
442.0
569.2
406.8
514.3
409.3
610.4

Price of
Diesel Fuel
(%/BTU X 10%

()
93
96
95
99
91
92
95
.98
1.00
1.04
1.08
1.1
1.10
1.33
2.34
2.48
2.70
3.09
3.21
4.93
5.10

Price of
Liquid Propane Gas
($/BTU X 10°)

()

.96
.96
.82
.87
.88
.88
.94
.94
.81
.78
1.02
1.03
1.03
1.33
1.99
2.21
2.54
3.03
2.98
3.41
4.13

Column |: U.S. Department of Agriculture-Rural Electric Association Buile-

tin, Annual Statistical Reports.

Column Il and lil: U.S. Department of Energy-Energy Information Admin-

istration, State Energy Fuel Prices.
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