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ABSTRACT

Irrigation is a major contributing factor in crop production on the
Texas High Plains. It is responsible for greatly increasing crop produc-
tion and farm income for the region. Twe factors, a declining groundwater
supply and increasing production costs, are of primary concern because
they impact on farm operations and producer economic viability.

Recursive linear programming models for a typical Texas High Plains
irrigated farm were developed to evaluate expected impact of energy and
crop price changes, tenure and new technology. The model includes a Fortran
sub-routine that adjusts irrigation factors each year based on the linear
programming solution of the previous year. After calculating new pumping
energy requirements, well yield, and pumping 1ift, the Fortran component
updates the linear programming model. This procedure continues automatically
to the end of a specified planning period or to economic exhaustion of the
groundwater, whichever occurs first.

Static applications of the model, in a deep water situation, showed
that a natural gas price increase from $1.50 to $2.20 per thousand cubic
feet (mcf) would result in reductions in irrigation levels. Irrigation was
terminated when the price of natural gas reached about $7.00 per mcf. In a
shallow water situation, much higher natural gas prices were reached ($3.60
per mcf) before short~run adjustments in farm organization began to occur,
Under furrow irrigation, irrigation was terminated when the natural gas
price reached $7.00 per mcf,

Increased natural gas prices impact heavily on returns above variable
costs (up to 15 percent reductions) for a 60 percent natural gas price

increase. The effects of rising natural gas prices over a longer period of



time were more significant. Annual returns (above variable and fixed
costs) were reduced by as much as 30 percent, and the present value of
returns to water was reduced by as much as 80 percent as the natural gas
price was increased annually by $0.25 per mcf (from $1,50 per mef). The
econonic life of deep groundwater was shortened by as much as 18 years.

Renter=-operators are even more vulnerable to rising natural gas prices
than are owner-operators. With rising natural gas prices, profitability
over time for the renter is low, As natural gas prices continue to increase,
the greater will be the incentives for renter-operators to seek more favor-
able rental terms such as a sharing of irrigation costs.

With the problem of a declining groundwater supply and rising natural
gas prices, an economic incentive exists for producers to find new tech-
nologies that will enable them to make more efficient use of remaining
groundwater and of natural gas. Substantial economic gains appear feasible
through improved pump efficiency., Increasing pump efficiency from 50 to 75
percent will not incresae the economic life of the water supply, but can
improve farm profits over time; e.g., the present value of groundwater was
increased 33 percent for a typical farm with an aquifer containing 250 feet
of saturated thickness and 15 percent for 75 feet of saturated thickness.

Improved irrigation distribution systems can help conserve water and
reduce irrigation costs. Results indicate that irrigation can be extended
by 11 or more years with 50 percent improved distribution efficiency. In
addition, the increase in present value of groundwater on the 1.69 million
irrigated acres of the Texas High Plains was estimated to be $995 million
with 50 percent improved efficiency.

New technology opportunities were expanded to include analysis of the



economic feasibility of wind assisted irrigation pumping. Two wind
machines were analyzed, with rate outputs of 40 to 60 kilowatts (KW). Each
was applied to the Northern and Southern Texas iligh Plains over a range of
land and water resource situations. Breakeven investment was estimated at
discount rates of three, five and ten percent.

Cropping patterns on the Southern High Plaing were dominated by
irrigated cotton and were insensitive to changes in crop or electricity
prices. On the Northern High Plains, irrigated corn and grain sorghum were
the major crops, with acreage reverting to dryland wheat at the higher
electricity prices. The cropping patterns in this area were impacted heavily
by labor restrictions. Considerations of wind power had little effect in
determining optimal cropping patterns.

When wind power was applied to an irrigated farm on a static basis,
the set of crop prices applied had little effect on the annual value of a
wind system. Value of wind power was increased, hut by smaller proportions,
in response to increases in the price of electricity. Each machine size
had a greater value when operated on the larger of the two applicable land
units (100 acres for the 40 KW machine and 144 acres for the 60 KW system).
The 60 KW system was also tested on the 100 acre unit but returned less per
KW than the 40 KW system.

Available wind power in the temporal analysis was less than in the
static analysis, thus temporal estimates of wind system value should be
regarded as conservative. On the Southern High Plains, breakeven invest-
ment was decreased slightly from the static analysis. However, in some
situations on the Northern High Plains, breakeven investment increased.

This indicates that the value of wind power could increase as the aquifer



declines in some situations. Breakeven investment increased by up to 80
percent when the price of electricity was increased by $.005 per KWH per
year. The most significant effect of wind power was that it allowed the
maintenance of irrigation levels which, without wind power, had been made
uneccnomical,

These results indicate that, at least in the future when wind system
costs decrease and stabilize, wind-assisted irrigation could be an
economically viable alternative for Texas High Plains producers. The
results are limited by the need for future research regarding the effect of
irrigation timing on crop yield as well as some of the long-term charac-
teristics of wind system operation, such as durability and the requirements

and costs for system repairs and maintenance.
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Introduction

The Texas High Plains is a fairly level, semi-arid region located on
the Southern Great Plains, encompassing about 35,000 square miles. The
region's climate and land resource capability support dryland production of
cotton, grain sorghum and wheat. With irrigation, yields of these crops
can be increased substantially and other crops such as corn and soybeans
can be produced. In addition, irrigation can greatly reduce the risk of
drought (Black).

Irrigation water on the High Plains is pumped from the underlying
Ogallala aquifer, This aquifer receives a negligible amount of recharge
(one-half to one inch per year) compared to the amount of water withdrawn
annually. Average annual rates of decline in the static water level have
been projected to be from .35 to 4,08 feet, depending on the original
saturated thickness (Wyatt, et al.). For the farmer, this results in
(1) declining well yields, where less water can be pumped in a given period
of time, (2) increased energy requirements as pumping lift increases and
(3) eventual economic exhaustion of the water supply for irrigation,

Energy is one of the most important input factors in irrigated crop
production, In 1973, it was estimated that 39 percent of the total agri-
cultural energy demand in Texas was for pumping groundwater (Coble and
LePori). This figure is likely understated for the High Plains, due to the
relatively higher intensity of irrigation in the area. An estimate of this
region in 1975 showed that 53.4 percent of the total variable costs of
producing irrigated corn was energy related (Skold).

The combination of declining groundwater, increasing fuel require-



ments, and escalating prices of irrigation fuel leads to a rapid rise in
production costs, Dramatic increases in the costs of production can result
in a shortening of the "economic life of the water supply." The economic
life of the water supply is the period of time over which returns attribut-
able to water are positive. Conversely, economic exhaustion of the water
supply is defined as that point when returns to water have declined to zero.
With economic exhaustion of the water supply, irrigated production can be
expected to revert to dryland crop production, pasture or to remain as idle
acres.

The dramatic increase in energy prices since 1973, in conjunction with
higher variability of crop prices, have accelerated research directed to
reducing costs of production. For example, emphasis has been placed on
modified crop production systems which seek to improve the energy efficiency
of irrigated production by reducing the usage of energy inputs (Condra,
et al.; Sprott, et al.). Other studies have focused on the benefits of
reducing the amount of water pumped, improving irrigation and pumping
plant efficiencies, and lowering the distribution system pressure require-
ments {Hardin, et al.; Hardin and Lacewell, 1979).

The sensitivity of irrigated agriculture to increased fuel costs has
placed considerable emphasis on the development of new and competitive
alternative energy supplies. Much of the research emphasis in agriculture
has been placed on biomass; i.e., the conversion of crop residue into
usable energy (LePori and Lacewell). In addition, the utilization of grain
for the production of alcohol has gained substantial interest (Hiler).
Solar energy has been proposed as an alternative to the use of natural gas

in grain drying applications (Knutson, et al.) and for irrigation



(Katzman and Matlin),

This report describes research results relative to two major efforts,
First is a study of the effect on irrigated crop production attributable
to increased energy costs, tenure arrangements and irrigation technologies
(Petty, et al.). The second study focused on the economic implications of
wind powered irrigation wells for the same region, the Texas High Plains
(Hardin and Lacewell, 1981). For a detailed discussion of these studies the
reader is referred to the two publications.

The central problem faced by managers of irrigated farms is that
rising natural gas prices and a declining irrigation water supply cause
pumping costs to increase and thus impacts negatively on the farm's
profitability., The farmer who irrigates needs to consider possible ad-
justments in farm plans that weould potentially reduce requirements for both
natural gas and irrigation water. Such adjustments could contribute to
profitability of the irrigated farm and extend the economic life of the
water supply. Adjustments might take the form of new technology which
require less inputs (particularly less water and natural gas) or improved
efficiencies from the pumping and distribution of irrigation water. Tmproved
farm planning is needed to make more effective use of the limited irriga-
tion water supply, irrigation fuel, and other scarce resources available
to the farmer,

The wind-assist concept appears to be a particularly attractive alterna-
tive on the High Plains. A study by Elliot shows that the mean annual wind
power available is as high as in any other area in the nation, with monthly
average wind speeds ranging from 15.6 miles per hour (mph) in March to

12,1 mph in August., In addition, about 50 percent of the energy used on



irrigated farms in the area is accounted for by irrigation pumping (Clark
and Schneider), thus providing a large potential for energy substitution.

Previous studies (Clark and Schneider; Buzenberg, et al.) considering
wind power application to irrigation have shown potential savings but have
assumed no load management; i.e., rescheduling energy use to periods of
expected high winds., This leaves open the possibility of further savings.
For example, on the High Plains, traditional cropping patterns (involving
corn, grain sorghum and cotton) make the summer months (when post-plant
irrigations are applied) the peak water use period. However, peak winds
occur in the spring months when wheat, which in the past has not been one
of the area's major irrigated crops, uses the bulk of its irrigation water,
Further load management strategies might include the consideration of non-—
optimal irrigation timing, that is, shifting one or more post-plant irriga-
tions to different time periods. The negative effect on yield might be
compensated for not only in energy savings from wind, but also through the
possible extension of a seasonally limited water supply. High Plains pro-
ducers, faced with declining well yields and increasing energy requirements
due to the continuing depletion of the Ogallala aquifer, are in a position
to benefit considerably from the use of wind energy. However, these

benefits must be quantified.

Study Area

The High Plains of Texas includes 42 counties and is roughly rectangular,
averaging about 300 miles north to south and 120 miles east to west. The
Canadian River flows from west to east, dividing the region. The main

soils in the region include Pullman, Mansker and Richfield in the "Hardlands",



Amarillo and Portales in the "Mixed Lands", and Brownfield and Tivoli in
the "Sandy Lands". Average annual rainfall averages from 14 to 21 inches,
with the growing season ranging from 180 to 220 days (Godfrey, et al.).

The High Plains region has 34 percent of the total cropland, and
approximately 70 percent of the lrrigated cropland in Texas., Over the
period from 1970 to 1977, crop production from the region (as a percentage
of total state production) was 61 percent of cotton, 50 percent of grain
sorghum and 61 percent of wheat. The area also produces 78 percent of the
fed cattle in Texas, enough to feed 13.2 million people (Texas Department
of Water Resources).

Pumpage from the Ogallala for irrigation purposes began to rise to a
significant level in the late 1930's and accelerated in the 1950's, spurred
by the availability of low-cost natural gas. This rapid development has
resulted in the mining of Ogallala water. In 1974, there were nearly 5.9
million irrigated acres on the High Plains. However, based on projected
pumpage rates, the aquifer will be able to supply enough water to irrigate
only 53 percent of these acres by the year 2000 and only 35 percent in
2030 (Texas Water Development Board).

The study area lies within a 2l-county sub-region of the High Plains,
Figure 1, 1In 1974, 4.16 million acres in the region were irrigated, which
was 66 percent of the total crop acreage (New, 1977). In 1979, irrigated
acreage had decreased to 3.27 million acres (57 percent of total cropland),
while total crop acreage had declined by over 572 thousand acres (Texas
Crop and Livestock Reporting Service, 1979).

There were 37,010 irrigation wells in the area in 1977, 9,029 of

which were powered by electricity. Natural gas was the predominant fuel
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used, powering 27,323 wells. Ninety-eight percent of the wells lift water
from a depth greater than 125 feet, while 73 percent produce less than 700
gallons per minute (New, 1977), Most of the lower ylelding wells were
gituated in the southern part of the region. Surface irrigation methods
were used on 90 percent of the irrigated acres, while sprinkler systems

were in use on the remaining 10 percent,
Methodology

Since this report is a summarization of two large studies, presenta-
tions adhere to the separate studies. Each of the studies relied on a
linear programming model for the region. Each linear programming model was
linked to an aquifer depletion model, This permitted a temporal analysis
whereby water was mined from the Ogallala aquifer. The characteristics of
irrigation wells and methods for depleting the aquifer were common to the
two studies.

Well yield was established as a function of saturated thickness.l
Maximum well yield of 800 GPM was assumed to remain constant for all levels
of saturated thickness above 210 feet. This is representative of an average
well in the region, where the maximum yield is much less than the potential
that the aquifer can deliver (Reddell). The well yield relationship for
lower levels of saturated thickness is represented by the following

equation (Hughes and Harman).

lSaturated thickness refers to feet of water-bearing sand. The
coefficient of storage of the Ogallala is about 15 percent, meaning that
100 feet of saturated thickness yields 15 feet of water (Cronin}.
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ST
= % (=2
GPM 800 (210
where
GPM = well yield in gallons per minute,
ST = saturated thickness in feet,

Limitations on seasonal water availability were established by the
physical maximum which could be pumped in a critical water period, based

on well yield.

M= ,0044 % GPM % T

where
M = maximum acre-feet of water that can be pumped in a critical
water period,
T = number of days in each period not used for well repairs and
maintenance (assumed to be 8.5 for this study),

.0044 = constant value which translates gallons per minute into

acre—feet per day.

Labor restrictions were based on the principle that two men, the
operator and one full-time employee, will provide all labor (except part-
time hoeing labor) for a 640 acre farm. Labor usage is separated into two-
month periocds in the model and is charged on an hourly basis. The number
of hours available in each two-month period depends on weather patterns and
length of days, and will thus be higher in the summer months.

An extensjion of linear programming was utilized which consolidated
a Fortran program with an LP model. The Fortran program functions as a

subroutine which modifies the LP model after each year's solution to reflect



the farm situation for the following year. The procedure performs as
follows:
1. Calculates the decrease in saturated thickness of the aquifer
and associated increase in pumping lift based on the amount of

water withdrawn in the previous year. The relationship is
D =W/ (CA * ,15)

where
D = decline in water level of the aquifer (in feet),
W = acre-feet of water pumped in the previous year,
CA = acres contributing to the aquifer (including non-cultivated
acres and dryland)2
+15 = coefficient of storage for the Ogallala aquifer.
2. Calculates well yield based on a new saturated thickness.
3. Calculates the amount of energy required to pump an acre—foot
of water based on the adjusted pumping 1ift.
4. Calculates the maximum acre-feet of water which can be pumped
in each critical water period based on the adjusted well vield.
5. Calculates the present value of net returns for selected discount
rates,
6. Modifies the LP tableau with new irrigation water upper limits
and pumping energy requirements,

Input data specifying the scenario being analvzed are read into the

2 . : N ,

Acres contributing irrigation water are expected to exceed acres
irrigated since all acres cannot be cropped, i.e., there is water avail-
able beneath land used for turn rows, roads and homesteads,
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subroutine, which creates a file to initialize the basic LP matrix. The
program is called after each year's solution to perform the updating pro-
cedure, A summary table is printed for each year showing the activities
in the solution and their level, irrigation pumping and shadow prices by
water period, irrigation fuel requirements separated into the amounts
purchased and wind-generated by month in addition to cropland acres and
their shadow price. At the end of n years the temporal analysis is summarized
in tabular form,

With several differences in the model used for each type of analvsis
and different objectives of the analyzes, each study will be described

relative to procedures and results,

Energy and Technology Impact

This study was designed to evaluate, for typical farm situations within
a 2l=-county sub-region of the Texas High Plains, the physical and economic
effects of rising natural gas prices, pump efficiency, irrigation distribu-
tion efficiencies, tenure arrangements, and the economic effects of credit
constraints, This analysis included a center-pivot sprinkler system and a

furrow irrigation distribution system.

Procedure

A generalized linear programming/Fortran simulation model was developed
for a typical Texas High Plains farm, Three water resource situations were
specified, Poor water is defined as 75 feet of 1ift and 75 feet of saturated
thickness, Fair water as 175 feet of 1ift and 125 feet of saturated thick-

ness, and Good water as a lift of 250 feet and a saturated thickness of
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250 feet.

For static analysis, annual computer runs were made using only the
LP component of the model. For a temporal analysis, the LP and the Fortran
components were employed. The temporal analysis was recursive. Annual
farm plans were developed by use of the LP model. Based on quantity of
irrigation water applied in the LP farm plan, the Fortran component cgl-
culated the decline in the saturated thickness of the aquifer, and result-
ing new well yield, 1ift, and fuel required to pump water to the surface.
Then the Fortran component updated the LP component with these parameters,
This procedure continued automatically for 25 years of analysis or until
economic exhaustion of the groundwater supply, whichever occurred first,

The LP component of the model contained production activities for
irrigated crops (corn, cotton, grain sorghum, soybeans, wheat, and grazing
of wheat by cattle) and dryland crops (cotton, grain sorghum, wheat, and
grazing of wheat by cattle). Irrigation activities were included for both
furrow or center-pivot sprinkler distribution systems, Cotton was included
in the model with furrow irrigation only, since cotton is not traditionally
irrigated with sprinkler systems., Since furrow irrigation included cotton,
results of the furrow irrigation analysis are not applicable to the north
of the Canadian River.

In addition to the production activities, there were separate purchas-
ing activities for inputs, selling activities for crops produced, and bor-

rowing and repaying activities,
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Results

Energy Price Impacts

Energy prices were evaluated as to their effects upon a typical Texas
High Plains farm. While these energy inputs included natural gas, nitrogen
fertilizer, gasoline, and diesel, attention was focused primarily on

natural gas.

Natural Gas Price. Expected short-run (static analysis) and longer-run

(temporal analysis) effects of increased natural gas prices are summarized
for a typical farm in the Texas High Plains. The discussion includes both

physical and economic effects,

Static Analysis. For the base situation (which is a natural gas price of
$1.50 per mef), short-run farm returns above variable costs for an owner—
operator were the greatest ($90,129) with a combination of shallew 1lift

and lower cost of sprinkler irrigation as shown in Table 1. Annual returns
above variable costs were the least with a combination of Good water and
furrow irrigation (562,059},

The price of natural gas was increased parametrically from $1.50 to
$10.00 per mcf to evaluate the shorterun effects of increased natural gas
prices, With sprinkler irrigation and a natural gas price of $1.50 per mef,
the cropping pattern consisted entirely of 640 acres of grain sorghum, of
which 533.3 acres were irrigated. As the price of natural gas was increased,
irrigation levels were reduced, and in Good water, all acres reverted to
dryland production when the price of natural gas reached $7.09 per mcf.

With furrow irrigation, increases in the price of natural gas resulted
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Table 1. Annual Returns Above Variable Costs for Selected
Natural Gas Prices for 640 Acres, a Typical Farm:
Texas High Plains

Water Resource Price of Natural Gas ($/mcf)
Situation? 1.50 2.00 2.50
Poor
Sprinkler 90,129 85,982 81,835
Furrow 71,910 70,114 68,330
Fair
Sprinkler 85, 520 79,907 74,294
Turrow 66,152 62,712 59,489
Good
Sprinkler 82,063 75,350 69,453
Furrow 62,059 57,919 54,511

®Poor water has a saturated thickness of 75 feet and a
lift of 75 feet, Fair water has a saturated thickness of 125
feet and a lift of 175 feet, and Good water has a saturated
thickness of 250 feet and a lift of 250 feet.
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in adjustments in irrigation levels and shifts toward crops requiring less
water. All acres shifted to dryland production at a gas price of 8$7.83
per mcf. The adjustments under furrow irrigation were at higher natural
gas prices than with the sprinkler, but this was probably due to cotton
being included as a crop option under furrow irrigation.

Annual returns above variable costs declined rapidly with increased
gas prices, In Poor water, when the gas price was increased from $1.50
to $3.60, annual net returns for the owner-cperator were reduced 19 perw
cent, while in Good water, annual net returns were reduced 30 percent,
With furrow irrigation and Poor water, a gas price increase from $1,50
to $3.75 per mcf reduced annual net returns 11 percent for an owner-
operator, while in Good water, the same gas price increase reduced annual

net returns for an owner—operator 26 percent.

Temporal Analysis. This analysis considers returns above all costs (fixed
and variable) and includes all the years to economic exhaustion of the
water supply or 25 years, whichever occurs first. The base of comparison
is a constant $1.50 per mcf for natural gas. The Good and Poor water re-
source situations were evaluated.

Estimated annual returns above variable and fixed costs in the earlier
years are greatest in a Poor water situation, but less water is available
in a Poor water situation and is depleted more rapidly than in Good water,
as shown in Table 2. With a constant natural gas price ($1.50 per mcf),
irrigation can be maintained longer in a Good water situation. Thus, in
later years, the annual returns above variable and fixed costs are greater

in a Good water situation than in Poor water. In addition, with a constant



Table 2,

Typical Farm:

Expected Effect of a Rising Natural Gas Price for 640 Acres, a
Texas High Plains

Water Resource Situation?

Item Unit Poor Fair Good
Present Value of
Groundwatel
Sprinkler
$1,50/mcf gas price $1.000 370.8 490.5 607.0°¢
50.10/mcf annual rise $1000 302,.8 260.5 237.8
$0.25/mef annual rise 51000 201.9 133.2 99,0
Furrow
$1.50/mef gas price $1000 249.0 306.7 348.1°
$0,10/mef annual rise $1000 223.3 192.5 138.3
$0.25/mcf annual rise $1.000 192,2 112,2 73.3
Years of Irrigation and
Ending Saturated ThicknessP
Sprinkler
$1.50/mef gas price yvear (feet) 14(12) 25(19.6) 25(129.2)
$0,10/mcf annual rise vear (feet) 14(12) 20(39) 17(178.3)
$0,25/mecf annual rise vear (feet) 14(12) 10(82.5) 8(216,2)
Furrow
$1.50/mcf gas price year (feet) 12(12) 24(10) 25(132.6)
80,10/mcf annual rise year (feet) 12(12) 19(40.8) 16(178.5)
$0,.25/mcf annual rise vear (feet) 13(10) 11(74.7) B(214.,5)

aPoor water has a saturated thickness of 75 feet and a 1lift of 75

feet, Fair water has a saturated thickness of 125 feet and a 1lift of 175
feet, and Good water has a saturated thickness of 250 feet and a 1lift of

250 feet.

b N R ;
The analysis was for 25 years, but irrigation was terminated when
saturated thickness was reduced to 10 feet or when irrigation is no

longer profitable,

Saturated thickness is in parentheses,.

c -
Includes a present salvage value of groundwater remaining after

25 years.

15
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natural gas price of $1.50 per mcf, the present value of returns to water
are greater in Good water than in Poor water, However, with an initial

gas price of $1.50 per mcf that is increased by $0.10 or $0.25 per mcf each
year, the present value of returns to water over a 25-year planning horizon
are greater in a Poor water situation than in Good water. The water that is
available in future years becomes increasingly costly to pump as the water
table declines and the price of irrigation fuel increases, With an initial
natural gas price of $1.50 per mcf that is increased $0.25 per mecf each
year, the economic life of Good water is dramatically shortened from greater
than 25 years to only 8 years (Table 2).

With sprinkler irrigation and Poor water, the present value of ground-
water decreased 18 percent and 46 percent when the natural gas price
(initially $1.50 per mef) was increased by $0.10 and $0.25 per mef,
respectively. In Good water, the same gas price increases reduced the
present value of groundwater by 61 and 84 percent, respectively (Table 2).

With furrow irrigation and Poor water, natural gas price increases of
$0,10 to $0.25 per mef (from an initial $1.50 per mcf) decreased the present
value of groundwater by 25 percent and 36 percent, respectively. 1In Good
water, the same gas price increases reduced the present value of ground-
water by 60 percent and 79 percent, respectively (Table 2)}.

Rising natural gas prices resulted in the renter-operator making
adjustments in cropping patterns and reducing irrigation levels in similar
fashion to the owner-operator but at lower natural gas prices. With
natural gas prices increasing yearly $0.10 and $0.25 per mcf (from $1.50 per
mcf)}, annual returns (above variable and fixed costs) to a renter and the

present value of those annual returns were estimated to be between 60
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to 75 percent below annual returns to an owner-operator,

Energy-Related Input Prices., The base energy prices were: $1,50 per mcf

for natural gas, $0.16 per pound for nitrogen fertilizer, and $0.50 per
gallon for gasoline and diesel, An energy price increase of a specified
magnitude (a price increase of about 60 percent} reduced returns above
variable costs over a range of 13 to 27 percent as presented in Table 3.
The greatest reduction in returns above variable costs occurred in Good
water with sprinkler irrigation. Returns dropped from $82,063 to $59,505
{a 27 percent decrease), At the same time, both natural gas used and the
volume of irrigation water applied declined 20 percent. No change in
cropping patterns occurred,

In the case of Poor water with furrow irrigation, the higher energy
prices decreased annual returns above variable costs from $71,910 to
$62,472 (down 13 percent). Natural gas used and water pumped dropped 11
percent, a sizeable shift from irrigated wheat to dryland wheat and irrigated

cotton occurred (Table 3).

Crop Prices

The specific crop price scenarios used in the analysis were selected
primarily to estimate the sensitivity of the farm organization and net
returns under furrow irrigation. Cotton was the dominant crop {under
furrow irrigation) prior to the crop price changes. With either a 20-per-
cent decrease in cotton price or a 20-percent increase in grain prices,
dramatic shifts occurred away from cotton acres to irrigated grain sorghum
and dryland wheat with grazing. In Poor water, these crop price changes

decreased annual water use, while in Good water, annual water use was



Table 3,

Static Analysis of Increased Prices of Energy Related

Inputs with Two Price Scenarios of These Inputs for 640

Acres, a Typical Farm:

Texas High Plains

a
Poor Water

Good Watera

Price Scenarios?P

Price ScenariosP

Item Unit A B A B
Sprinkler
Crops
Sorghum (dryl) acres 106.7 106.7 106,.7 106,7
Sorghum (irri) acres 533.3 533.3 533.3 533.3
Level of Inputs
Gas mcf 8294 8294 13425 10740
Nitrogen cwt. 874,70 874,40 874.70 768.10
Gasoline gal. 2699 2699 2699 2699
Diesel gal. 3491 3491 3491 3491
Water Pumped ac ft 666.67 666,67 666,67 666,67
Annual Returns© dol. 90129 70970 82063 59505
Furrow
Crops
Wheat (dryl) acres 80.7 169.7 171.7 168
Cotton (irri) acres 427.9 455.5 455,3 458
Sorghum (irri) acres - - — -
Soybeans (irri) acres - 1.8 —_ ——
Wheat, Grain Only acres 10%8.8 13.1 9.6 —
Light Feeders head 19 - — -
Wheat Pasture aum - 126.7 122.7 105,9
Level of Inputs
Gas mcf 3593 3206 8887 6881
Nitrogen cwt, 302,90 197.90 198,50 188.10
Gasoline gal, 2749 3520 3569 3557
Diesel gal. 6440 7006 7014 6999
Water Pumped ac ft 832 743 739 572
Annual Returns® dol. 71910 62472 72059 48847

%poor water has a saturated thickness of 75 feet and a lift of
75 feet, and Good water has a saturated thickness of 250 feet and a

lift of 250 feet.

bEnergy price scenarios are: (A) Gas -$1,50 @ mef, nitrogen -
$0.16 @ 1b., gasoline - $0.50 @ gal., and diesel ~$0.50 @ gal. com=-
pared to (B) Gas -$52,50 @ mef, nitrogen - $0.25 @ 1b., gasoline -
$0.80 @ gal, and diesel -$0.80 @ gal.

c .
Expected annual returns above variable costs.
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increased. In both Poor and Good water, annual returns above variable costs
decreased (14 percent) with the lower cotton price and increased (15 per-
cent) with the higher grain prices.

Since cotton was not included as a crop option under sprinkler irriga-
tion, the decrease in the cotton price had no effect on the cropping pat-
terns, irrigation levels, or natural gas usage. The 20 percent increase in
grain prices (specifically, the increase in the price of grain sorghum from
$4.25 to $5.10 per cwt.) resulted only in increased annual returns above
variable costs (a 36 percent increase in Poor water and a 39 percent

increase in Good water).

Pump Efficiency

The economic and physical implications of pump efficiency were
estimated by application of the recursive model with a 50 percent pump
efficiency and comparing the results to a 75 percent pump efficiency over
a 25~year planning horizon. The results are presented in Table 4,

In the case of sprinkler irrigation and Poor water, the improved pump
efficiency had no effect upon cropping patterns, irrigation levels, or
ending saturated thickness, but natural gas usage per acre foot of water
pumped was reduced 33 percent, The reduction in pumping costs resulted in
an Increase of $61,940 (17 percent) in the present value of the water
supply. The improved pump efficiency slightly increased the rate at which
the water supply was being depleted and increased the present value of
returns to water by $224,970 or 36 percent (Table 4).

With furrow irrigation and Poor water, the effects of improved pump

efficiency upon ending saturated thickness, irrigated acres, and well yield
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were very small, but natural gas usage was reduced 33 percent (Table 4).

In Good water, the physical effects were substantial., Natural gas usage
was reduced 33 percent, while irrigation levels were increased. The im-—
proved pump efficiency resulted in economic exhaustion of water at a reduced
saturated thickness of the aquifer. The improved pump efficiency increased
the present value of returns to water by $24,995 (10 percent) and $107,969
(30 percent) in Poor and Good water gsituations, respectively., Expected
cost to improve efficiency of assumed pumps in the Poor water situation
would be $30,000, while in the Good water resource situation it would be
$12,000. Only in a Poor water situation, with furrow irrigation, does it
appear economically infeasible to improve pump efficiency from 50 to 75

percent.

Distribution Efficiency

The purpose of this analysis was to quantify potential economic gains
resulting from improved irrigation distribution efficiency.

The recursive model was applied to simulate a mobile trickle system,
first, with the same water requirements as for a center-pivot sprinkler
system but with pressure reduced from 90 psi to 10 psi, secondly, with 25
percent less water used and, thirdly, with 50 percent less water used,

In all cases crop yields were held constant. In Poor water, the present
value of returns to water and the distribution system were increased by
$100,355 (17 percent), $320,929 (55 percent), and $651,568 (112 percent),
for the respective levels of water use (Table 5). TIn Good water, the
present value of returns to water and the distribution system were increased

by the mobile trickle system by $176,939 (21 percent)}, $263,151 (32 percent)
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and $346,001 (42 percent) for the resepctive levels of water use (Table 6).

The analysis indicated that the water savings, due to improved dis-
tribution efficiency of a mobile trickle system, would result in the
economic life of the water supply being significantly extended up to 11
years in Poor water. In Good water the increase in the economic life of the
water supply was not determined, but at the end of 25 years, saturated
thickness of the aquifer was 60 feet greater for the mobile trickle system
under the assumption of 50 percent less water used, as compared to a
center-pivot system in Good water. Even though the 60 foot greater saturated
thickness is not considered in the present value of returns to water, it is
recognized as a beneficial factor of irrigation since well yield is greater
and 1lift less.

Static energy comparisons for a single year were made between the
irrigation distribution systems as to the total energy used by each dis-
tribution system in Good water. Table 7 summarizes these comparisons.
Results show that when compared with the center-pivet system, the mobile
trickle system reduced total energy by 37, 50, and 64 percent for no water
savings, 25 percent savings, and 50 percent savings, respectively. The
greatest reduction in energy use resulted with a mobile trickle system and
50 percent water savings. The reduced water use results in reduced irriga-
tion fuel requirements., In addition, irrigation fuel requirements are
reduced even further by the lower operating pressure (10 psi as compared to
90 psi) of the mobile trickle system. Such energy savings indicate strong
incentives for producers to adjust to the new mobile trickle systems. And
the incentives will be increasingly strong as energy becomes more scarce and

costly and as irrigation fuel requirements increase due to increased lift.
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Table 7. A Static Energy Use Comparisom by Level of Sprinkler Ddstribution
Efficieacy for 640 Acres, a Typical Farm in Good Water?: Texas

Bigh Plains
Center-Pivot Mobile Trickle System (10 psiﬂi
Sprinkler No Water 257 Less 50% Lass
Item Unit (90 psi) Saved Water Water
Input
Gasoline gal. 5228 5228 5228 5228
Diesel gal. 4771 4771 4771 4771
Natural Gas mef. 13425 8007 65020 4003
Nitrogen 1b, 87466 87466 87466 87466
Insecticide 1b. 267 267 267 267
Herbicide ) ib. 1200 1200 1200 1200
Energy
Gasolined mil BTUS 627 .4 827.4 627.4 627 .4
Diegel® . mil BTU 269.8 629.8 629.8 629.8
Natural gas mil BTU 13425.0 8007.0 6020.0 4003.0
Nitrogenf wmil BTU 137.8 137.8 137.8 137.8
Insecticidal mil BTU .7 .7 .7 .7
Barbicide8 mil BTU 3.3 3.3 3.3 3.3
Totals
Decrease in energy mil BTU 14824 9406 7419 5402
Decrease in energy 2% 37 50 64

3Good water has a saturated thickness of 250 feet and alift of 250 feet.

bSame as center-pivot sprinkler except with the operating pressure re~
duced to 10 psi and with no water savings, 25 percent less water used, and 50
percent less water used.

“Million British thermal units.

dEnergy conversion ratio is 120,000 BTU per gallon.

eEnergy conversion ratie is 132,000 BTU per gallon.

fEnergy conversion ratio is 6,300 kilocalorie {(kecal) per pound, the
equivzlent of 1573 Btu per pound, based on anhydrous ammonia at 80 percent

nicrogen (Pimental, et al., 1973).

sEnergy conversion ratio is 11,000 kcal per pound of active ingrediant,
the equivalent of 2750 Btu per pound (Pimental, et al. 1973},

ro
tn
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The analysis of the mobile trickle systems was expanded to include 1.69
million acres sprinkler irrigated on the Texas High Plains. It was
estimated that the present value of returns to water for the 1.69 million
acres could be increased $446 million, $711 million, and $995 million by
mobile trickle systems with no water savings but reduced pressure (from 90
psi to 10 psi), 25 percent less water used, and 50 percent less water used,
respectively.

Estimates were made of the total energy used by a center-pivot sprinkler
system and by a mobile trickle system., According to these estimates,
mobile trickle irrigation systems could potentially reduce total energy use
on a 640 acre farm by 37, 50, and 64 percent when the level of water use
was alternatively the same as with center-pivot sprinklers but only 10 psi
of pressure, 25 percent less water used, and 50 percent less water used.

Potential gains that could be realized with furrow irrigation were
estimated by reducing row length and applying irrigation water more
uniformly, thereby requiring 25 percent less water than long-row furrow
irrigation. Results of the analysis as shown in Table 8 indicate that in
the short-run the use of shorter rows resulted in smaller net returns, but
in the long~run, shorter rows and more carefully applied water resulted in
more water belng available in future years and increased present value of
returns to water, The short-row furrow irrigation increased the present
value of returns to water by $48,323 (15 percent) in Poor water and $32,545
(6 percent) in Good water (Table 8). Additionally, it was estimated that for
the 4.7 million furrow irrigated acres of the Texas High Plains, the present
value of returns to water would be increased nearly $250.4 million by

adopting shorter row lengths.



Table 8. The Effects of Water-Use Efficiency under Furrow Irrigation
for 640 Acres, a Typical Farm: Texas High Plains
Water Resource Situations?®
Poor Good
Item Unit Year 1 Year 8 Year 1 Year 25

Base
Crops:

Sorghum (dryl) acres - 64.9 —_ 67.7

Sorghum (dirri) acres - 287.5 177.7 305.3

Soybeans (irri) acres 640.0 287.5 463,0 267.1
Acres drrigated acres 640.0 575.1 640,0 572.3
Lift feet 83.89 136.62 258,46 430.88
Saturated

thickness feet 66.11 13.38 241.54 69,12
Water pumped ac ft 1227 767 1168 792
Water decline feet 8.89 5.56 8.46 5.74
Well yield gpm 338 146 800 387
Returns del. 66780 45672 52609 30236
Returns to water dol. 48910 27802 34739 12366
Present value of:

Returns dol. NA 447000 NA 918412

Returns to waterP  dol, NA 313227 NA 548153
With 25 percent

water savings® Year 1 Year 10 Year 1 Year 10
Crops:

Cotton (dirri) acres — 357.1 - 511.4

Soybeans (irri) acres 640.0 282.9 640.0 128.6
Acres irrigated acres 640,0 640.0 640.0 640.0
Lift feet 81.68 157.00 256,68 400,73
Saturated

thickness feet 68,32 12.30 243,32 99.26
Well yield gpm 388 137 800 490
Water pumped ac ft 922 685 922 666
Water decline feet 6.68 4,90 6.68 4,83
Returns dol. 60280 49616 50555 41757
Returns to water dol. 42410 31816 32685 23887
Present value of:

Returns dol, NA 526350 NA 950957

Returns to waterD dol, NA 361550 NA 580698

#Poor water has a saturated thickness of 75 feet and a lift of 75
feet, and Good water has a saturated thickness of 250 feet and a lift

of 250 feet.

The present value of returns to water excludes the salvage value
of water remaining at the end of 25 vears,

“The basis of the analysis is that yields can be maintained with
25 percent less water applied due to shorter row lengths.

27
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Credit Constraints

Credit constraints were evaluated to estimate their effect upon a
typical farm on the Texas High Plains. With sprinkler irrigation, irriga-
tion levels and annual returns began to decline when credit limits were
reduced to $70,000 in Good water ($109 per acre) and $65,000 in Poor water
(8102 per acre). With furrow irrigation, irrigation levels, irrigated
acres and annual returns began to decline when credit limits were reduced to
$75,000 (in both Poor and Good water). At the $60,000 level of borrowing,
the marginal value of product (MVP) for credit was $1.29 with Poor water
and sprinkler irrigation. This indicates that if available credit was
reduced by $1.00, annual net returns would be reduced $1.29. With Good
water and sprinkler irrigation, a $1.00 decrease in available credit would
result in a $0,40 decrease in annual net returns.

The analysis also considered the cost of credit reserves (unused
borrowing capacity) to the farmer., The costs of maintaining credit reserves
showed to be much greater with sprinkler irrigation, i.e., credit reserves
of $6,896 reduced net returns $4,057, while a credit reserve of $11,896
reduced net returns $10,881. C(redit reserves can be of great value to the
farmer in coping with the unexpected, but the costs of maintaining credit

reserves should be recognized and considered as production plans are made.

Discount Rate

Each stream of annual net returns above variable and fixed costs was
discounted first at a rate of 1,5 percent and alternatively at a rate of 6
percent. The increased discount rate reduced the present value of net

returns over a range of 22 to 38 percent, the greatest reduction (38 per-
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cent) occurring with the combination of Good water, sprinkler irrigation
and constant gas price. The least reduction in the present value of
returns from using a 6 percent discount rate (as compared to 1.5 percent)
was 22 percent and occurred in the situation of Poor water, furrow irriga-
tion, and a natural gas price rising $0.10 per vyear,

The discount rate had no effect on cropping patterns or irrigation
levels, This was because annual returns were maximized for each year

individually, without consideration for the discount rate to be used,

Conclusions

The analysis indicated that, in the short-run, increased natural gas
prices would impact most heavily upon annual net returns above variable
costs. Changes in cropping patterns, irrigation levels, and natural gas
usage would be expected if natural gas prices increased beyond $2.00 per
mcf. The results indicate that in the short-run, with a natural gas price
of $1.50 per mcf or higher, the reduced 1ift of a small groundwater supply
outweighs the benefits of a large, deep groundwater supply.

Temporal analysis indicated that, in the long-run, rising natural gas
prices, if unaccompanied by higher crop prices, can reduce annual returns
by more than 30 percent and the present value of groundwater by as much as
80 percent. While the effect of rising natural gas prices upon land values
was not directly evaluated, economic theory suggests that land values would
be lowered and owner equity in farmland would erode. Further, the economic
life of deep groundwater can be shortened because of higher gas prices,
making less water economically recoverable. Rising natural gas prices have

greater impact in a deep water situation due to the greater lift required
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to pump water to the surface.

With the problem of a declining groundwater supply and rising natural
gas prices, producers must develop and adopt new technologies that will
enable them to make more efficient use of remaining groundwater, extending
the economic life of groundwater, and also to make more efficient use of
natural gas so as to minimize irrigation pumping costs. Results of the
analysis suggest that substantial economic gains are possible through
improved pump efficiency and through irrigation systems which are more
efficient in the distribution of water than systems currently in use. The
results indicate that improved pump efficiency will not increase the economic
life of the water supply, but will improve farm profits over time (increase
the present value of net returns) and have a dramatic impact on energy used
for irrigation.

Annual returns above variable and fixed costs were significantly in-
creased by the improved distribution efficiency of a mobile trickle system.
The present value of returns to water and the distribution system were of
such magnitude that large costs could be justified to achieve the improved
distribution efficiency of the mobile trickle system.

Similarly, it can be concluded that long~run gains could be realized
by using shorter rows (in furrow irrigation) and applying irrigation more
uniformly and with less waste. The gains that are thus achieved entail
minimal costs and risk,

Thus, energy represents a threat to economic viability of an irrigated
farm on the Texas High Plains. However, there are a variety of strategies
that will reduce requirements for water and irrigation fuel.

The economic life of the groundwater on the Texas High Plains will be



31

affected by several factors. These include the price of natural gas to the
farmer, natural gas requirements, price of crops, and new irrigation tech-
niques. With current irrigation technology, rising natural gas prices could
lead to economic exhaustion of deep groundwater (where natural gas require-
ments are great) in 8 years (decreased from an economic life of over 25
vears). The economic life of shallow groundwater would be less affected by
rising natural gas prices. New irrigation technologies, if developed and
adopted, would tend to offset increasing irrigation costs and extend the
economic life of the groundwater.

Limitations in borrowing (whether imposed externally, as by a banker,
or internally, as by the farmer himself) can substantially reduce annual
net returns. The farmer can justify very high costs for borrowing rather
than a reduction of funds available for operating expenses., Additionally,
the maintenance of liquidity by means of unused borrowing capacity can be

very costly,

Wind Assisted Pumping

One readily abundant renewable source of energy on the Texas High
Plains is wind power. The High Plains has as much available wind power as
any region in the country. Due to the importance of irrigation in the
region, the concept of wind-assisted irrigation pumping could be an important
alternative. Wind systems have been developed which are capable of providing
supplemental energy to an existing electrical pumping plant, The electric
motor is sized to operate the pump on a stand-alone basis. However, when
the wind velocity is sufficient, the wind system operates and reduces the

load on the electric motor. When pumping is not taking place, electricity
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can be generated and sold to the electric utility. The purpose of this
study was to quantify, on both a static and temporal basis, the benefits of

a wind energy system in an irrigation application on the Texas High Plains.

Methodology

The procedure for the static analysis involved determination of an
optimal cropping pattern by a linear programming model developed for the
Texas High Plains region. The optimal irrigation schedule was used as input
to a simulation model. The simulation model matched stochastically generated
wind power estimates to the irrigation schedule to estimate the annual value
of wind energy.

The production activities in the LP model included dryland and irrigated
options for cotton, grain sorghum and wheat along with irrigated corn. To
give a broader representation of the choices available to an irrigated pro-
ducer, activities were included assuming both optimal and non-optimal timing
of irrigation applications. The yield reduction effects of non-optimal
timing were estimated from experimental data for the region. In addition to
the production activities, there were separate purchasing activities for
selected inputs, selling activities for crops produced and a cash flow sec-—
tion divided into two-month periods.

Constraining resources included land, labor and irrigation water. Labor
restrictions were divided into two-month periods. Irrigation water applica-
tlons were divided into ten-day periods, with restrictions based on the
physical maximum that could be pumped.

The simulation model generates random ("actual') wind speeds by three-

hour time periods throughout a year, Random wind speeds are drawn from
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Rayleigh distributions, the single parameter of which is mean wind velocity,
Frequency distributions were set up by month and time of day (each three-
hour interval for which wind speed is recorded), making eight distributions
per month. Each three-hour estimate of wind power availability is matched
with the amount of irrigatiom fuel required in that period, as determined
by the LP model. Irrigation requirements in excess of wind power are
purchased. Surplus generated electricity while pumping is assumed to have
no value, If irrigation does not take place, 90 percent of excess wind
power is sold to the electric utility for 60 percent of the purchase price.
The annual value of wind power is calculated based on irrigation fuel saved
and excess power sold. The simulation process is repeated 20 times for each
situation analyzed to generate a range of solutions.

Mathematical expectations of available wind power based on single
monthly average wind speeds were added to the LP model to test if cropping
patterns would change when the availability of wind power was considered in
the planning process. If this resulted in a change in cropping patterns,
the simulation model was applied to the new irrigation schedule using the
same set of random wind speeds.

For the temporal amnalysis, a Fortran subroutine was added to the LP
model to operate the model recursively over the assumed twenty year life of
a wind system. Annual farm plans are developed by the LP model. Based on
the quantity of irrigation water applied in year t for the LP farm plan,
the Fortran subroutine calculates the decline in saturated thickness of the
aquifer and associated new well yield, pumping lift and irrigation fuel
requirements for year t+l. The LP matrix is then updated with the new

coefficients. This procedure continues over the twenty years of analysis.
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The benchmark case involved application of the basic LP model. To
estimate the value of wind power in the temporal framework, the monthly
expectations of wind-generated electricity were added to the model., In
both cases, fixed costs appropriate for a long-run analysis are deleted from
returns.

The scenarios analyzed consisted of changes in four basic areas. The
region was separated into the areas north and scuth of the Canadian River,
with cotton included as a crop option only south of the river, due to the
length of the growing season. Four farm situations were specified:

(1) a saturated thickness of 100 feet, lift of 125 feet, 32.65 acres of
cropland and a 40 KW wind machine; (2) a saturated thickness of 175 feet,
lift of 175 feet, 100 acres of cropland and a 40 KW machine; (3) the same
as situation 2 with the exception of a 60 KW machine; and (4) a saturated
thickness of 225 feet, 1lift of 200 feet, 144 acres of cropland and a 60 KW
wind machine. These are presented in Table 9.

Two sets of crop prices were used, one reflecting 1974-78 averages and
the other based on simulated 1985 prices. For the static analysis, elec-
tricity purchase prices of $.05, $.075 and $.10 per KWH were analyzed. 1In
the temporal analysis, a constant purchase price of $.05 per KWH was
specified, plus a situation where the price increased by one-half cent per

KWH per vear.

Results

The randomly generated wind speeds and power output from the Southern
High Plains benchmark simulations were aggregated to examine some predicted

performance parameters., Average annual output was 67,679.4 KWH for a 40 KW
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system and 101,618.6 KWH for the 60 KW machine (Table 10). Over both
machines, the average proportion of time producing rated (maximum) output
was 4.92 percent, while the average time not operating due to low or high
wind speed was 41.5 percent. Value of wind power was estimated assuming
all power was sold to the utility. Breakeven investment (on a per KW basis)
ranged from $358.42 at a ten percent discount rate and $.03 per KWH elec-
tricity to $1,184.43 with three percent discounting and $.06 per KWH
electricity. These selling prices are 60 percent of the assumed purchase

price of electricity at $.05 and $,10 per KwH, respectively (Table 10).

Static Analvysis

Non-Optimal Trripation Timing. The effect of the inclusion of non-optimal

irrigation timings was examined for a specified situation on the Northern
High Plains. The model was applied with only optimal irrigation timings
included and with non-optimal irrigation timings included. Labor con-
straints were binding, as land was left idle in both cases, but 5.13 more
acres were irrigated where non-optimal timing was allowed (Table 11).
Irrigations were applied non-optimally on 28.9 percent of the irrigated
acres. The inclusion of non-optimal timings allowed added flexibility din
the usage of labor as well as irrigation water, and increased returns over
variable costs to the 100 acre farm by $50,.50. This was felt to more
accurately reflect the situation faced by High Plains producers, thus, non-

optimal timing of irrigation was permitted in further analyses.,

Cropping Patterns. In the analysis of alternative scenarios for the bench-

mark solutions, cropping patterns were found to be insensitive to changes



Table 10. Annual Revenue and Breakeven Investment Where All
Power Output is Sold to the Utility

Selling Price of Electricity

(cents per KWH)

Item 3 4.5 6
—————————— (dollarg)————~——=—mn
40 KW Machine
Annual Revenue:
Maximum 2000.31 3000,46 4000,61
Minimum 1682.55 2523,.83 3365.11
Mean 1827.35 2741.02 3654.69
Breakeven Investment:2
3% Discount Rate 23665,52 35498,21 47330,90
5% Discount Rate 20249,29 30373.88 40498,48
10% Discount Rate 14336.69 21505.00 28673.30
60 KW Machine
Annual Revenue:
Maximum 2919.55 4379,.32 5839,09
Minimum 2575,05 3862.58 5150.11
Mean 2743.70 4115.55 5487.40
Breakeven Investment:2
3% Discount Rate 35532.92 53299,37 71065.83
5% Discount Rate 30403,58 45605.37 60807.16
10% Discount Rate 21526,02 32289,04 43052,.05

a X .
Breakeven investment is calculated based on mean annual

revenue,
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in crop prices or electricity prices in the southern region. All acres
were planted to irrigated cotton over all farm situations. The specific
cropping pattern was identical (in proportion to total acreage) in all
cases except in a farm situation with over 200 feet of saturated thickness
with electricity at $.10 per KWH and 1974-78 average crop prices, where
37.33 percent of the acreage shifted from one post-plant irrigation to a
pre-plant only,

On the Northern High Plains, cropping patterns were insensitive to
electricity price changes under 1985 simulated crop prices. Irrigated grain
sorghum dominated these solutions, with a small amount of irrigated corn.
With 1974-78 average crop prices, land was left idle with electricity at
$.05 per KWH. At higher electricity prices, irrigated acreage declined,
but sufficient labor was released to allow dryland wheat to use all
remaining acreage. Again, irrigated grain sorghum and corn dominated the
solution, with a small amount of irrigated wheat in the farm plan except
where electricity costs $.10 per KWH. Labor restrictions impacted heavily
in this region, actually causing the shadow price of cropland to increase

with higher electricity prices,

Returns to Wind Energy. The set of crop prices applied had very little

effect on returns to wind, In the northern region, the annual value of a
wind system was higher for the average 1974-78 crop prices with electricity
at $.05 per KWH. At higher electricity prices, value of wind was higher
for 1985 simulated crop prices. No such pattern existed in the south.

Any differences in annual returns to wind with respect to crop prices were

negligible, less than $%100 in most cases,
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As expected, returns to wind were higher at higher electricity
prices, but by slightly smaller proportions than the increases in elec—
tricity price. The addition of a wind system significantly abates the ad-
verse effects of increasing electricity prices. In farm situations where
a given wind system is operated on the smaller of the two applicable land
units, total returns (returns to wind plus benchmark returns) actually in-—
creased with increases in electricity price. On the larger land units,
returns did decrease as electricity price was increased, but by a much
smaller percentage, where wind power was available, than the decrease in
benchmark returns.

Estimated breakeven investment was higher for the Southern High PLains,
where cotton was available as a crop option. With electricity at $.05 per
KWH, 1985 simulated crop prices and returns discounted at three percent,
breakeven investment for the 60 KW machine ranged up to $42,409,88
($706.83 per KW) in the south compared with $41,707.43 ($695.12 per KW) in
the north. The 40 KW machine was analyzed only in the southern region. At
the same prices and discount rate cited above, maximum breakeven investment
for the 40 KW system was $28,252.40 ($706.31 per KW).

On the 100 acre land unit, where both machines were analyzed in the
south, the 40 KW machine (farm situation 2) was found to be the better
investment on a per KW basis (Table 12), FEach machine had higher value on
the larger of the two land units tested, farm situation 2 for the 40 KW
machine and situation 4 for the 60 KW system., Table 13 provides estimates
of electricity sold and used on the alternative farm situations as well as
percent of pumping energy requirements met and percent of generated elec-—

tricity used for pumping.



Table 12. Comparison of the Value of 40 Kilowatt and 60
Kilowatt Wind Energy Systems on a 100 Acre Farm

Unit, Southern High Plains

Purchase Price of

Electricity
(cents per KWwH)
Ttem 5 7.5 10
———————— (dollars)——m—————n
1974-78 Average Crop Prices
Breakeven Investment:2
40 XKW Wind System 609.88 907.56 1215.46
(Farm Situation 2)
60 KW Wind System 590.75 888,23 1176.81
(Farm Situation 3)
1985 Simulated Crop Prices
Breakeven Investment:%
40 KW Wind System 604,35 911.87 1224,.12
(Farm Situation 2)
60 KW Wind Systen 593.35 887.25 1184.89

(Farm Situation 3)

a . . .
Breakeven investment, discounted at 5 percent, is
expressed on a per kilowatt of capacity basis.
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Effect of Load Management. The inclusion of wind power expectations in the

planning process had little effect on irrigation scheduling, with cropping
pattern changes occurring in only four of the 36 situations analyzed. In
two of these cases, irrigations were shifted to higher wind speed periods,
but this resulted in only a small increase in returns to wind. More sig~
nificant increases occurred where wind power eased the impact of increasing
electricity price, allowing the farm to maintain the irrigation levels
estimated without wind power, but which had been decreased due to the price

increase,

Temporal Analysis

Only farm situations 2 and 4 were analyzed temporally, as the static
analysis results showed each to be the more efficient application of the
given size of machine. To reflect the future situation, 1985 simulated crop

prices were used.

Cropping Patterns. Wind power had no effect on the optimal farm plan when

the price of electricity was held constant through time. Cotton again
dominated southern solutions, with a small amount of irrigated grain sorghum
planted on the 100 acre unit in the last two years of the analysis. Ini-
tial acreage on the Northern High Plains was planted almost entirely to
irrigated grain sorghum, with acreage of irrigated wheat and corn increas-
ing through time.

On the Southern High Plains, with electricity price increasing through
time, the optimal farm plan remained the same as with constant price for

farm situation 4, and changed only minutely in situation 2. In the north,
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wind power had a significant effect on cropping patterns through time,
Acreage reverted to dryland with and without wind power; however, more

irrigated acreage was maintained when wind power was available.

Returns to Wind Energy. In contrast to the static results, the estimated

breakeven investment was higher on the Northern High Plains where elec-
tricity price was held constant, with values on the 60 KW pPower system as
high as $41,772.44 with the three percent discount rate (compared to
$41,290.73 in the south). These results are presented in Table 14, This
is due largely to the more adverse effect of the declining water level in
the north. For the 40 KW machine (analyzed only on the Southern High
Plains), breakeven investment on a per KW basis was higher than for the &0
KW machine in either region.

When electricity price increased annually, breakeven investment showed
significant increases, as was expected. The increases were as much as 80
percent on the Southern High Plains and up to 75 percent in the north (Table
15). For the 60 KW system, the results were again reversed, with higher
investment values in the south. Even with wind power, the increasing
electricity price forced land out of irrigation in the north, thus reducing

the potential for electricity substitution.

Conclusions and Limitations

With the wind energy industry still in largely a developmental stage,
estimates of the initial cost of a wind system can vary considerably, This
makes it difficult to draw firm conclusions on the profitability of invest-—
ment, at least in the short term. As more firms begin mass production of

wind systems, prices should decrease and stabilize. Available estimates



45

*SUOTIBNITS WIR] a3yl IO uor3zdiaosep e 10 ¢ afqe] o3 iayay

2

*8150D0 PSXIJ pur ITQETIBA JO 32U 2B SuInIay

*HMM xod ¢p°$ 0 9oTad AITOTaIDae IUBRISUO)

9

*sasATeur (eiodwal TTe Uy pasn aie soorad doio psieTnuUTS 86T,

06°60067 6€789TH9 S LOETH 931'BY IUN0OSTg Y071
LY 6095¢ 79°96/88 £87E¥88TT 2IBY JUNOOSTJ PG
YntTLLTY 6/£790Z¢€0T T6°£611ST 93IBY IJUNOOSIq L
1ph UOTIBNITS wieg
SUTeTd USTH uiayjioN
BLH06%C 8G°T8B9Z/C %9°90.667 @3By JUNOIST( %0T
6T°T8Z5¢ 68°C0656¢ 68°089GLY 938y IUNOOST( %G
£L°06CTY T#*64%80L% 9T"€8T8TCS 21ey JUNCOSTJ %¢
Iph UCTIEBNITS wWirg
2709891 BE680¢8T 90*48t002 218Y QUNoOsT® 0T
£6°GL6ET 88"££679C GL7768687 23] UNOISTJ %¢
6¢"8E08¢ €T GL6TTIE 18" #8TH#7E 23FY JUNOISTA %L
pl UOTIENIIS waeg
suTeTd YSTH uId2yinesg
~==(SABTTOP) ————- - -
JuswmysaAuT Iomod PUuiM INOYITM iamod PUTM UITM wa3T
udANBIAg LSUIN]ay JO INTeA IUSSDI]

q2°1ad AJTOTI109TH IURISUG) :WaISLG
A315uy PUIM P UT JUSWISIAUT UDAsNERIE JO pSTSATeuy Teiodwme] *#T °Iqel



46

§00*$ 4Aq Burseoxour pue HMY iod GO*¢ Jo @o1ad LITOTIIDAT2 TRIITUL

*SUOTIENITS wie] oyl jo uorpydraosop v a0F  2Tqel 01 I1939Y

L+

*S$1500 PeXIJ PUE @JQEIIBA JO 19U 9IB SUINGay

o

P

D
‘ATTeNGue

q

*sasdTeur Teiodwsy e UT pesn siae sa201ad doad pejepnurs €86T,

TE 0Es6L 96°08T9¢ TL°92064 218y JUNOOSTO Z0T
%1 L9€09 79" 6¥86€ SH*6ELL0T 23BY IUNODSTQ ¥%§
£€9°6687L 09°RE9OY e E8eENIT 2IPY JUNOIST(J %f
"ﬁq UCTIBNITIG Wik
SUTBTd YSTH uaajiop
£9°L6TOY 6L QTIBLYVE LZTSEVT6L 93EY IUnoIsTg Z0T
98°18¢T9 £8°€8YTSE AL FAVYA/ 218y IUNOIST %G
99°CLyy/ 91°T96CTY I6°91166% 2By JUNOIST(Q %€
"vq UOTIBNITS WIB]
£RTevele G/*0ESL9T 96°¢60/6T 2IFY JUNOISTI Z0T
TICL6LTH 88 CHOLET 76 TS0Y8Z 938y JUNOISTA Z¢
VZARTAL Y ST T¥98LE I8°0%/9¢¢C 21'yY JUno2S8Tg X¢
u@m UCTIEBNITS WIB]
SuTeTd YSIH uIayinog
- (s1e1TOP)—- -
JuawlsaAU] I9M0J PUTM INOYITM Ismod PUTM UIIM mIIY
usadeaag HSWINIDY JO 9NTBp Juas53ag
q9°T1d AATOTI302TF BUTSEBRIOU] :wWI3SAg

A313u7 PUTM ' U] JUSWISDAUT UIANNBIIg JO eSIs4TRUY TExoduej

"6T 9TqERL



47

of the industry's mature cost range around $500 per KW. Estimated breakeven
investment rates for wind-assisted irrigation were greater than $500 per

KW in all cases except where electricity was purchased for $.05 per KWH and
returns discounted at ten percent, Table 16 presents a summary of the
estimated value of wind energy machines under alternmative scenarios. The
possibility of tax credits for the purchase of a wind system was not ex—
plicitly considered. However, for the farm business in a position to take
full advantage of the credits, the effective breakeven investment rate could
be enhanced by as much as one-third.

This study uses the typical farm approach, thus, the results will
likely not apply directly to any specific farm due to the "average" nature
of the data. This should be noted particularly in view of the Northern High
Plains results, where the assumed labor restrictions had a large effect on
the optimal farm plan chosen. A producer able to hire additional summer
labor could have a significantly different result. In addition, the pro-
ducer was assumed to be a strict profit maximizer. Personal preferences or
consideration of risk could cause changes in an individual's cropping
pattern.

The consideration of non-optimal irrigation timing gives the model
additional flexibility that more accurately represents the decision making
process of the irrigated producer. However, the yield reductions estimated
for this study were based on limited data. Further research is needed
regarding the effects of irrigation timing.

The monthly wind power expectations used in the LP model were, in
total, slightly less than the averages of output from the simulation model.

Thus, the temporal results should be regarded as conservative., These same



Table 16, Comparison of Breakeven Investment Values? Derived
from Static and Temporal Analysis

Sell-Onl Static Temporal
Item Analysis Analysis® Analysisd
————————— (dollars per KWH)—wm—=———=—=-
Southern High Plains
40 KW Machine
(Farm Situation 2) 591.64 706,31 700,96
60 KW Machine
(Farm Situation 4) 592,22% 706,83 688,18
Northern High Plains
60 KW Machine
(Farm Situation 4) 592.,22¢ 695,12 696.21

2A11 values were discounted at three percent and ex-
pressed in dollars per KWH.

bElectricity sold at $.03 per KWH.

cElectricity purchased at $.05 per KWH and 1985 simu-

lated crop prices.

dElectricity purchase price constant at $.05 per KWH and
1985 simulated crop prices.

e . . .
No distinction was made between regions for the sell-

only option,
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expectations, as a factor in the planning process, were estimated to have
little effect on cropping patterns, contrary to what was expected, The use
of wind speed distributions based on averages for each ten-day period could
improve the model; however, these data would be difficult to obtain.

The price at which the utility will buy back surplus electricity was
assumed to be a constant percentage of the purchase price. In actual prac-
tice, this price may vary greatly. Peak load pricing structures, where
the price of electricity varies according to the time of use, were not
considered. This type of pricing might apply not only to electricity
purchases but also to sales, where the utility might pay a premium price for
electricity generated at times of peak demand.

The study assumed that normal wind system down time (when the machine
does not operate due to insufficient wind speed) could be used for all
necessary repairs and maintenance., Major breakdowns could render the system
inoperative for longer periods of time; however, data regarding the fre-
quency or duration of such breakdowns were unavailable. The cost of normal
repairs and maintenance has not been established on a long-term basis,
Available estimates varied considerably and were all based on a percentage
of the initial investment rather than on operating time or other performance
parameters, This type of data should become more readily available as the
industry matures,

Breakeven investment was estimated over a period of 20 years assuming
constant levels of technology, crop prices and input costs (except where
gpecified differently)., The future wvalues are, of course, unknown. Sig-
nificant changes in any of these factors could have a great impact on the

value of wind energy.
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