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FOREWORD

This is the second Technical Progress Rep,ort* in the Solar-
Powered Irrigation Systems Project, one of several major tasks assigned
to The Aerospace Corporation by the U.S. Department of Energy, Division
of Solar: Technology (DOE/DST), under DOE Contract EY-76-C-03-1101,
This Project, which is under the direction of Mr.' J. Weisiger, DOE/DST
Project Manager, began 1 March 1977 and is currently scheduled to be
completed 31 May 1978,

This Progress Report documents accomplishments during
the period July 1977 to January 1978. It is organized in a format proposed

for the Summary Report which is to be issued at the completion of this

Project. Certain Sections of this Progress Report relating to undocumented

prior work or to work still in progress and planned to be documented in the
Summary Report, carry only the Section title and the words ""This Section

in Preparation.,"

) The study objective is to determine the technical and econo- .
mic fe asibility and the potential market within the agricultural community
for solar power systems designed for pumping water with a possibility of
meeting other farm power needs. This report discusses the methodology
developed to analyze comparative lifetime costs and the results of applying
this methodology to solar-powered irrigation syvstems serving different |
size farms. Other topics addressed in the report are the import’a.hce' of
irrigated agriculture to national and regional economies, price vprojections(
for fossil fuel and electric power in agricultural 'a.pplica.tions, irrigation 5
energy market demand, irrigated farm budget analysis, and solar-powered

irrigation system market potential.

% The first Technical Progress Report was issued 15 July 1977 as '‘Aerospace

" Report No. ATR-77 (7523-24)-1,
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1. INTRODUC TION

The concern of the agricultural community with recent in-
creases in costs of electric power and petroleum-based fuels has been
noted by local, state, and federal agencies. ' The result of these escalated
costs is seen directly each year in the farmer's balance sheet and in-
directly in his requests for incfeases in federal support prices for farm

commodities.

Continued increases in these costs and the threat of power
and fuel shortages in the future can only exacerbate the present situai:ion,
possibly forcing many farmers out of business. The potential impact of
such a reduction in farming on local economies and on the national balance
of trade is serious enough to justify an immediate search for means of

averting this situation.

Nowhere is this concern for the future of farming underscored
more than in those farming communities which are largely dependent on
deep-well pumped water for irrigation of crops. Electric power and fuel
costs to operate well pumps are incfeasiggly becoming a major factor in

the farmer's variable costs, particularly in the southwestern United States.

The importance of irrigation to local and national economies
d‘eserves serious consideration. In Arizona, for example, 99 percent of
all croplands are irrigated and agriculture is the state's second largest.
industry. .In other states with variable natural rainfall, such as Kansas
and Nebraska, irrigation of crops has increased significantly since irri-
gation can markedly stabilize crop yields. As a factor in the nation's
balance of trade, it is estimated that irrigated croplands contribute 13

percent of all agricultural export values.

Alternative power sources, such as solar thermal power,

repreéent a potential solution to rising power costs and potential power

1-1



shortages. Furthermore, dispersed solar-powered irrigation systems,
sited on each farm or installed at a dedicated site serving several farms,
can be conceived as a means of power generation in place of, or in ad-

dition to, solar power generation by central utilities.

This repolq analyzes dispersed solar thermal power systems
applied to farm irrigation energy needs. The 17 western sfates, contain- |
ing 84 percent of nationwide irrigated croplands and consuming 93 percent
of nationwide irrigation energy, have been selected to determine where

-solar irrigation systems can compete most favorably with conventional
energy sources. Financial analysis of farms, according to size and owner-
ship, was accomplished to permit realistic comparative analyses of system
lifetime costs. Market pétential of optimized systems has been estimated
_fof the 17-state region for near-term (1985) and intermediate -term (2000)
applications. Technical, egonomic, and institutional factors bearing on '

penetration and capture of this market are being identified.
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2. IRRIGATION PROJECT OVERVIEW

2.1 ' STUDY OBJECTIVES AND SCOPE
(This Section in Preparation)
2.2 METHODOLOGY OF STUDY IMPLEMENTATION
. (This Sectién in Prbepar.a',tion)‘ J
2.3 'SYNOPSIS OF FINDINGS

. ~ A major portion of the study has been completed, but only
preliminary assessments are available at this time. Synopses of the
assessments derived from analyses documented in this report are as

follows: .

‘ 1. Based on resﬁlta of the lifetime comparative cost |
analysis, a small segment of the irriéé.tion market be-
comes available for penetration in 1985 by solar power
systems sited on large farms in southeastern Arizona. A
substantial portion of the market in the 17 western states
would be available for penetration if collector costs could
be halved from present estimates of $14 per square foot
in 1985 (19779%).

2. Farmer-owned power-distributing cooperatives have
comparative lifetime costs considerably lower than the smaller
on-farm solar irrigation system applications, Hence, co-ops
servicing a large irrigated farm community might well be

the first market penetrated,

3. Because of differences in taxation and the cost

of borrowed money, the type of ownership of solar irriga-
tion systems (SIS) is a strong factor in establighing SIS's
competitive postion with conventional irrigation systems,

2-1



i.e., the owner of a large farm, with high earnings and
access to favorable loan rates, would be more inclined to

consider a SIS than the owner of a small farm.

4. Initial penetration of the irrigation market by small
on-farm solar energy systems is ericouraged if a nearly
uniform energy demand exists throughout the year. If solar-
powered systems service only seasonal irrigation needs of
the fafmer, their cost competitiveness with regard to con-
ventional energy sources is largely diminished.” The simplest
means to negate this prospect is to use or sell out-of-season
solar-generated energy for non-irrigation purposes. The
technical and economic viébility of this alternative remains_to

be investigated.

5. Examination of farm crop budgets for three repre-
sentative states shows that Arizona presently requires the
greatest allocation of fundo to irrigation fuel coets, parti-
cularly for high water demand crops such as alfalfa. Be-
tween 1975 and 1985, small increases in irrigatio'n fuel _ et
budget allocations are predicted for Arizona, but in lexas

and Kansas these percentége costs could increase by a

factor of 2 to 3. By 2000, combined fixed and variable irri-
gation costs are expected to exceed 50 percent of crop

budgets in some cases.

6. Irrigated crops are estimated to form a 14 percent

share of all export crop values. Loss of the irrigated crop
production sector, due to rising prices and poésible shortages .
of conventional energy sources, could have a significant impact

on the nation's balance of trade and on lécal economies.

2-2



o '3.‘ NATIONAL AND REGIONAL SIGNIFICANCE OF AGRICULTURE

3.1 . IMPORTANCE OF IRRIGATED AGRICULTURE TO U.S.

TRADE BALANCE

This section ;ddresses the importance of irrigated farm-
land contributions ‘to the nation's export market and balance of trade. In
recent years, the U.sS. trade deficits have grown to significant propor-
tions desp:.te the pos1t1ve trade balance found in the a.gncultural sector.
The potennal decrease in 1rr1gated farmland which could be brought
about by excesswe irrigation fuel costs or fuel curtailment is, therefore,

cons1dered to be unacceptable.

‘Growth in agricultural expoft values is shown dramatically
in Figure 3-1. It is of interest to examine the various contributions to
these exports. For example, of the $21.89 billion in 1975 export values
for all farm cbmmodities, $20. 20 billion was contributed by farm crops.
Of this total, $15. 6 billion was due to five major crops: corn, cotton,

wheat, sorghum, and soybeans.

A’'detailed examination of national crop growing practices
showed that, in some cases, irrigated‘farm'la.ﬁds were major sources
of these crops. ‘A summary of these findings is presented in Table 3-1.
Almost half of the value of exported cotton comes from irrigated-land
but, because of the extensive acreage in corn, irrigation exports are
the largest for this comrhodity'. -Because agricultural yields from irri-
gated land are significantly greater than from dry land, the percentage
contribution shown for irrigated crops is greater than if the accounting
was accomplished solely on the basis of the perceﬁtage of the irriéated
acreage. The aggregated total shows that irrigation contributes $2. 14
billion to export values or 13,7 percent of the $15.6 billion 5-crop total
export value.
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- Table 3~1

EXPORT VALUE OF SELECT FARM COMHODITIES

(1975) .

ESTIMATED VALUE OF EXPORT

ESTIMATED CONTRIBUTION

.COMMODITY]. VAkgEB?ELESK?RT . FRO $Ig§tﬁ?g§grLAND ~ OF IRR{%QTION
COTTON 1.199 0.591 49.3
SORGHUM 0.691 0.267 38.7
CORN 4,563 0.789 17.3
WHEAT 5.353 0.455 8.5
SOYBEANS 3.773 0.038 1.0
5 crops . 15.579 2.140 13.7




Those states that are the leading suppliers of the five irrigated
crops are given in Table 3-2. Texas is clearly the leader in production
of irrigated cotton, sorghum, and wheat, while Nebraska leads in pro-
duction of corn and soybeans. Introduction of solar irrigation systems
in the states shown could be expeéted to aid in sustaining an important

source of export values if fuel costs become prohibitively high or fuel

supplies are subject to disruption.

To illustrate the potenﬁal export trade value of commodities,
Table 3-3 gives the 1974 trade value of corn and wheat expressed in

economically equivalent imported barrels of oil.

3.2 NATIONAL ENERGY CONSUMPTION FOR IRRIGATION

(This Section in Preparation)

3.3 REGIONAL IMPACT OF IRRIGATED CROP VALUES

The sustained development of local economics is extreruely
important to national economic well being.. For those states where agri-
culture is a major economic sector, reductions in income could come
about through loss of irrigated farm lands, resulting from unprofitable
operations due to increasing cash outlays for irrigation energy in the
future. Such decreases in farm income from reduced sales nf agricultural

products could produce substantial economic and social dislocations.

Growth in irrigated croplands can be traced directly to improved
production yields resulting from irrigation. This effect is well illustrated
for the 17 western states which comprise almost half the harvested crop-
land and crop values of the 48 contiguous states. The value of irrig\at’ed
land is highlighted in Table 3-4 by comparison of columns 4 and 5 which
shows the increased value of irrigated crops due to improved production
yields compared to dryland farming. For the 17 ;vestern states, 50! per-
cent of all crop values is obtained from the 23 percent of harvested crop-
land which is irrigated. The last two columns gi\\re'a direct comparison of
irrigated and non-irrigated croplands by expressing their production values

on the basis of dollars per acre. Improved hyield factors of two or three in

-.\";

3-4
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Table 3-2

LEADING GEOGRAPHIC ORIGINS OF SELECT IRRiGATED CROPS CONTRIBUTING TO

AGRICULTURAL EXPORT VALUES

(1975)

PERCENT ACREAGE

I} STATE
SUBTOTAL

COTTON

SORGHUM

CORN

WHEAT

SOYBEANS

TEx. 50,07

CAL., 31.5%
ARI, 11,67
NIMI 3.2%

TEX. 64,0%

towa 14,37

N.M. 9,22

okLA 5.0%

NEB. 51.8%

KAN. 16,57
Tex, 11,87

coo 6.07

Tex. 37.1%

KAN, 12.4%
ArRI, 11.8%
N.M., 10.47

NEB., 39,5%

TeEx., 23.7%
mis, 17.5%
KAN. 6,97

96.3%

92.57%

86.1%

/1.7%

87.6%

*

Percent of total irrigated land devoted to the given crop; e.g.,
Texas has 50% of the acreage of all irrlgated cotton in the U.S,.
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Table 3-3

POTENTIAL OF FARM COMMODITIES TO PURCHASE FOREIGN PETROLEUM (1)

(1974)
OIL VOLUME RELATED TO

$1 BILLION SALES OF

EACH COMMODITY
- | (MILLION BBL)

CORN WHEAT
OIL IMPORTS EQUIVALENT TO COMMODITY VALUE(?) 71. 43 71. 43
OIL EQUIVALENT CONSUMED TO PROVIDE COMMODITY VA;.U,E‘35 -5.67 -4.57
NET OIL IMPORTS EQUIVALENT TC COMMODITY VALUE - 65.76 66. 86

-

SOURCE:

Notes: (1)
(2)
(3)

"A National Program of Agricultural Energy Research and™
Development", Joint Study of NASULGC and USDA

Net ene rgy concept; total cost of producing exports not included
Based on $14/bbl oil
Includes erergy for irrigation, field operations, drying, handling

manufacture of pesticides and fertilizers, and shipping. Based
on $3/bu corn, $4/bu wheat, 71 bu corn/acre, 29 bu wheat/acre.
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Table 3-{
HARVESTED CROPLAND FOR SELECTED STATES
1971-73 AVERAGES

cor {2

E PER ACRE

TOTAL ;ALUE Acreace | IRRIGATED s
STATE TOTAL ACREAG! gr CROPS lRR{G&TED CROP_VALUE —
ACRES (3 mILLION) 4 (%) IRRIGATED | NONIRRIGATED
ARIZONA 1,225 377 100.0 100.0 078 | - |
CALIFORNIA 8,614 3,648 76.1 -89.3 496.9 189.6
KANSAS 19,833 1,675 7.74 14.1 153.3 78.4
NEBRASKA 16,488 4,647 19.8 R UR] 630.2 - 195.5
NEW MEXICO 1,169 172 4 68.8 86.0 184.1 65.8
TEXAS 20,017 2,412 3.5 51.8 181.0 88.6
17 wesTern states | - 139,555 19,217 23.1 50.2 299.1 8.1
48 STATES 308,377 43,676 11.8 26.9 324.3 117.3




irrigated farming over dryland farming can be seen. In some western
Nebraska locales characterized by sparse natural rainfall, yield improve-

ments greater than five are commonly found.

The relative importance of irrigated crop production to the
economies of six selected states is illustrated in Table 3-5. Irrigated
crop sales are shown as a percent of total crop sales in column 1, as
reported by the USDA Statistical Reporting Service for the period 1971
fhrough 1973. Irrigated crop share varies from a low of 14 percent in
Kansas to 100 percent in Arizona. The second column presents crop sales
as percent of agricultural sales in 1975 as repofted by the USDA Economic
Research Service. Numbers here indica;e that crop sales vary from a low
of 25 percent to a high of 67 percent of total 'agriculturé sales. In the third
column, agriculture sales are shown as a percent of 1975 personal income
for ea.ch of the six selected states as reported by the Depa,:tment of Com-
merce. (State gross product data were not available,. and personal income
is considered to be an alternative variable that should offer consistent
values.) The product of multiplying the three data columns together is
the irrigated crop sales as a percent of state personal income. While
the resulting irrigation crop sale percentages do not a.ppear to be dominant
fractions of state personal income, such as 3.6 percent in the case of
California, agriculture is the number one industry in California. It is
not difficult to imagine the compounding economic effects in terms of
commodity price changes or employment levels that would likely accompany

any reductions in irrigated crop sales,

3.4 REGIONAL ENERGY CONSUMPTION FOR IRRIGATION

(This Section in Preparation)

3-8



6-¢

RELATIVE IMPORTANCE OF IRRIGATED CROP PRODUCTION

Table 3-5

TO STATE ECONOMIES, SIX SELECTED STATES

~ ‘ Irrigated
Agriculture Sales] Crop Sales

State Irrigated Crop Sales| Crop Sales as % of as % of as % of

as -‘% of Crop Sales,, Agriculture Sales, Personal Income, Personal

1971-73 1973 1975 Income
Arizone 100 53 ) 9 4.8
California 89 67 6 3.6
Kansas 14 54 25 1.9,
Nebraska 44 43 42 7.9
New Mexico 86 25 14 3.0
Texas 52 46 9 2.2

My e




4.4

4.5

4.6

4. AGRICULTURAL DATA BASE DESCRIPTICN

DATA SOURCES

(This Section in Preparation)

CROP MIX

(This Section in P.repa.ration)

IRRIGATION PRACTICES

(This Section in Preparation)

PUMP AND POWER DRIVE CHARACTERISTICS
(This Section in Preparation)

WELL CHARACTERISTICS AND WATER RESOURCES
(This Section in Preparation) A
FARM OPERATING COSTS

(This Section in Preparation)



5. FOSSIL FUEL AND ELECTRIC POWER DATA BASE DESCRIPTION

Under a sub-contract to The Aerospace Corporation, data were
provided by Sherman H. Clark Associates on agricultural price projections
for six western states for diesel fuel, natural gas, LPG, and electricity in
five-year increments to the year 2015 (Reference 5-1). Examples of the
aé.ta base are presented in this section along with the methodology used to
extend the data to the entire 17 western state region and out to the year
2030.

5.1 SURVEY AREAS

In Section 6, Selection of Geographic Regions for Study,
states were ranked according to potential for solar irrigation system appli-
cations. Arizona, California, Kansas, Nebraska, New Mexico, and Texas
were the top six states in this ranking, and they were selected for agri-
cultural price projections formulated by S. H. Clark Associates. Based
on the determination of irrigation energy consumption described in Section
7, county clusters having the greatest energy use were identified for each
of the six states. These geo-political regions are indicated by dark out-
line in Figures 5-1 through 5-6. It is these sub-regions that were used
by S. H. Clark Associates to define price variations throughout each state.
The criterion for establishing regional grouping is that prices for a speci-
fic energy source within a state must deviate by 10 percent from one region
to another (i.e., each identifiable price region covers variations of +5

percent from the mean value for that region).
b.2 BASIC PRICE PROJECTIONS

To determine present prices of agricultural fuels, S. H. Clark
conducted a telephone survey of electric and gas utilities, as well as oil
and LPG distributors and wholesalers in the six-state area. Prices for
ele'ctricity and gas represent averages based on total revenue and total

energy for the rate schedule selected. When averages were not available
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Figure 5-6. Geo-Political Regions of Primary Interest for Solar Powered Irrigation
Systems Study -- Texas



from a utility, price data are for the rate applicable to a typical agri-
cultural user. Non-refundable taxes have been included in the price

averages.

The range of survey prices for diesel oil and LPG is small
in contrast to the substantial price differentials existing for electricity
and natural gas. In many cases, price differences can be attributed to
(1) access by gas utilities to ''new'' versus '"old" supplies, (2) utility
policies in allocating costs between residential, commercial, industrial,
and agricultural use sectors, and (3) availability of low-cost federal hy-
droelectric power. S. H., Clark Asgsociates postulates that these relative
price differences will diminish in the future if, as expected, federal inter-

vention in state rate regulations becomes widespread.

Examples of price projections to the year 2015 are given in
Figure 5-7 in constant 1977 mills per equivalent kilowatt-hour for elec-
tricity and natural gas for residential, commercial, industrial, and
agricultural use sectors in central Arizona. In terms of energy input
to a pump prime mover (heat engine or electric ‘motor), it appears that
natural gas is significantly cheaper than electricity. Both diesel fuel and
natural gas costs are projected to increase rapidly until 2000, then level
off for several years, and to again increase after 2015, The price pro-
jections for electricity show fairly constant growth throughout the entire

period.
The following major assumptions were used in these projec-
tions:

1s Imported crude oil prices increase by 2 to 4 percent

per year through the year 2000.

2. Synthetic~gas and -oil production are widespread from
2000-2015.
5% Electricity prices increase with a lag because of rising

fuel and generation costs and continuing contract renewals

5-8
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Figure 5-7. Projected Energy Prices for Arizona



through the year 2015,

4. Petroleum fuel prices escalate 2 percent per year after
2015. |
5. Large current price variations, Hbth those based on

location and on rates of consumption, decrease over time.

The results are quite different, howevér, when cos"i':s are
expressed in the form of work done. By acco;mting £6r the energy con-
version efficiencies of the prime mover and pump combination, irrigation
pumping costs expressed in- 1977 dollars per acre foot per foot of lift show

electricity to be the cheapest energy source in central Arizona after 1987,

The following conversmn factors were used:

-

Engy Source Un1ts to Pump 1 Acre-Ft/Ft of Lift
Natural Gas (0. 0105 therm/ft3) 29.0573 ft3
LPG * : 0.2953 gal
Diesel Fuel | 10,1778 gal
Electricity : . 1.8952 kWh

These factors are ba.s.ed on previously developed estimates of the efficien-
cies of typical prime movers and pump units (Section 4). Price comparisons
illustrating this point are graphically displayed for four energy sources in

Figure 5-8 along with relative costs for diesel fuel and LPG,

Price projections after 2015 were accomplished by Aerospace
after consultation with S. H. Clark Associates, (It was assumed, for
example, that electricity prices will incre ase at decre asing exponential
rates as advanced generation technologies are adapted.) This extended
prOJectlon was needed for comparing conventional energy costs to solar
energy costs for 30-year lifetime 1rr1ga.t10n 'systems purchased in 2000,

5.3 PRICE COST PROJEC TIONS FOR EXTENDED GEOGRAPHIC

REGION

For states other than the six primary'stddjr states, it was neces-

sary to choose proxy energy prices for irrigatio'n'pumping, since price

5-10



T11-¢

AGRICULTURAL USES: -
—LPG |

-

DIESEL | INDUSTRIAL USE:
~ ELECTRICITY

COST OF 0.15}—
ENERGY
1977
DOLLARS ,
PER ACRE-0.10}—
FOOT PER f
FOOT -OF
LIFT

“ELECTRICITY

*—NATURAL GAS

0.05 ~ BASED ON DATA GENERATED
’» _ BY 5. H. CLARK ASSOC

: 0, 1 [ L. 1 l 1 L’ | 1' 1 | L
1977 1985 - 2000 21 . 280

YEAR

Figure 5-8, Price Projections for Conventional Energy Sources in Arizona on
"~ the Basis of Work Done to Pump Water : '



projections specific to agri.culture were not available. By comparing
irrigation energy prices to those of other sectors within the six study
states, it was found that electricity costs for irrigation were most often
comparable to electricity prices for the commercial sector, irrigation
natural gas costs were compa‘ra‘ble to natural gas prices for the industrial
sector, and diesel fuel costs for irrigation were comparable to light fuel
oil prices for the residential sector. Price pr‘ojecéibns for similar energy
sources supplied to the resideﬁtial, commercial, and industrial sectors
were a;lso'provided by S, H. Clark Associates for all 48 contiguods states
(Reference 5-2). These energy costs along with the aforementioned cor-
relations, were used to determine irrigation energy costs in the other

11 western states.
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6. SELECTION OF GEOGRAPHIC REGIONS FOR STUDY

6.1 SELEC TION CRITERIA

For a new product, such as a sola.r -powered 1rr1gat10n
system estimates of potential market areas must be based on Judgementa,l
‘cr1ter1a in lieu of more def1mt1ve facts normally a.va.11ab1e for trachtmna.l
or evolving product lines.. Within present study guidelines, the followmg

five regional selection criteria are considered to be most apphcable.

(1) large irrigation acreage
(2) potential growth in irrigation acreage
(3) high energy use per acre
(4) high levels of insolation
(5) poor prospects for continued low cost fossil energy
supplies.
The subsequent discussion offers illustrations of geo-political regions

satisfying one or more of the above criteria.
6.2 RANKING OF STATES

The map shown in Figure 6-1 gives the distribution of irri-
gation in the nation., Approximately 83 percent of all irrigated cropland -
is found in the 17 western states but, because of the extensive use of .
deep well groundwater supplies, this region constitutes 93 percent of

nationwide irrigation energy consumption.

- Irrigated land area, energy use per acre, insolation levels,
and type of irrigation energy supplies are summarized in Table 6-1 for
the 17 western states. In descending order, Texas, California, Nebraska
and Kansas clearly lead in irrigated land area. Energy intensity is
‘greatest in Arizona, New Mexico, and Nebraska where crop irrigation
requirements are high and where deep wells and/or high-pressure irri-

gation systems are prevalent (Table 6-2). The southwestern states. of
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Table 6-1

STATE CHARACTERISTICS FOR REGIONAL SELECTION CRITERIA

Irrigation Mean Daily Division of Energy Sources
A Irrigated Energy Solax: %
Stafe Land k:tenslty Insolation 2 ) - - - - -
. {1000 Acres) {10” Btu/Acre) (kW-Hr/M*) | Electric LPG Diesel | Nat. Gas Gasoline

Arizona 552 40.8 5. 81 70 0 0 T30 0
California 4250 3.8 5.23 98 0 0 2 0
Colorado 900 7.5 . 4,65 70 12 5 ‘10 -3
Idaho 850 7.4 4,36 96 - b 1 1 .1
Kansas 2230 10.8 4.65 17 10 12 60 1
Montana 40 7.8 4.19 96 1 . 1 1 1
Nebrashka 4070 30.9 4.36 27 14 35 23 1
Nevada 170 14.6 .5.52 78 a1 | 20 L0 1
New Mexico 634 33.8 5.81 30 15 10 - 40 5
North Dakota 33 3.9 4.13 76 2 16 0 -6
Oklahoma 680 12.5 4,94 25 20 10 40 5
Oregon 188 7.9 4.30 " 100 0 0 o
South Dakota 43 6.5 4.30 40 25 25 5
Texas. 7090 10.4 5.23 30 5 5 60 0
‘Utah 160 12.3 5.23 88 3 ‘6 0 .3
Washington 200 10. 1 3.90 99 o 1 ‘o o
Wyoming 125 9.0 4,88 85 2 g 4 1
Sources: (1) "Energy Use for Pumping Irrigation Water in the United States, 1974'", G. Sloggett, 1976

(2) "Determination of the Feasibility of Using Solar Energy for Irrigation Pumpmg". D. L. Larsen, 1976

{(3) 1976 Irrigation Survey, Survey Issue of the Irrigation Journal

3
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IRRIGATION CHARACTERISTICS FOR SELECTED STATES

Table 6-2

Percent of

Average Feet of Lift

Feet of Water
Applied

State U.S. Sprinkler - Per S
rrigated Land Ground Water Surface Water T oeason
Arizona 0.39 350 0 5,50
California 11,76 110 10 3.17
Kansas 4.84 180 15 1,50
Nebraska 12.39 100 20 1.83
New Mexico 1.21 350 5 2,50
Texas 14, 47 200 1.50

* 40
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Arizona and New Mexico excel in experiencing high insolation levels.
Increasingly scarce natural gas is the major irrigation energy source

in Kansas and Texas.

Arizona, California, Kansas, New Mexico, Ngbraska. and
Texas are states that dominate with respect to one _6r more of the above
four criteria. Their irrigated acreage growth characteristics are also
impressive., Historical growth in irrigated farmland for these six
states is illustrated in Figure 6-2. A combination of unsuitable soil and
terrain, limited water supplies and acreage, and higher fuel and land costs
may have slowed the growth of irrigated lands in Arizona, California, New
Mexico and Texas. However, growth in irrigated farmland shows no ‘
.slowing for Kansas and Nebraska where rapid expansion is evident. Much
of this recent expansion can be attributed to the introduction of center
pivot sprinkler systems, permitting uneven terrain to be converted from

cattle grazing land or unproductive land to high yield crop production.
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7. IRRIGATION ENERGY MARKET DEMAND

.
1,

7.1 o DESCRIPTION OF LRRIGATION MARKET ENERGY DEMAND |
COMPUTER PROGRAM
Spec1£1ca.t1on ‘of 1rr1gat10n system energy dema.nd character-
istics is a necessary prerequ1s1te to seléction of solar thermal power
system des1gns matched to such characteristics.” When cons:.dermg the
comple&é variation in crop irrigation needs, pumping depths, irrigation |
systems, and pump power units, it becomes obvious that a computer
" program is required to permit rapid access to the massive data base’
needed for selective calculations of energy demand proﬁles._ (and to per;
form these calculations). These préfiles consist of the individual mionthly
expenditure of energy to irrigate a given crop. Profiles are available -
for up to 26 different crops for éach county in the 17 western states, The
data base, program logic, and print format for the computer program
are briefly described in this section,

T.1.1 Data Base

7.1.1.1 County Crop Acreages

Except for.three crops (rice, sugar beets and oranges), the
county irrigated crop acreages were obtained from the 1969 Census of
Agriculture, The county irrigated crop acreases for rice, sugar beets
and oranges were obtained from various statistical reporting service
reports.

7.1.1.,2 Crop Water Usge Coefficients

The irrigation water requirements for individual crops are
available from the Soil Conservation Service, USDA, Only the ''normal
year'' coefficients are congidered in the simulator program,
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- Consumptive irrigation requirements (CIR) can be converted
to irrigation water use by dividing the CIR by the on-farm irrigation
efficiency. Two levels of on-farm irrigafion efficiency are considered,
1975 normal'' and ""1975 high.'" The first efficiency reﬂects current
irrigation practices, while the second efficiency reflects 1mproved 1rr1-

gation practices,

Irrigation water use coefficients are only listed according to -
the Water Resources Council's Sub-Areas (SA), Therefore, it was assumed
that all the counties belonging to one sub-area will have the same irrigation

water use coefficients.
7.1.1.3 County Pumping Depth

The County Pumping Depth is defined as-the yearly average
depth (in feet) relative to the ground surface from which the water is
pumped for irrigation. For each county in the 17 western states, the cou.nty
pumping depth is the sum of the county water level plus the draw down for
the appropriate state. County water levels for the 17 western states were

obtained from various geological survey agencies.

State draw down figures are derived by‘. subtracting the average
state water level from the state pumping depth estimated by ifrigation .
experts. A weighted average procedure is used to derive the state water -
level from the county water levels.
7.1.1.4 Distribution of Sprinkler Irrigation Method and Determmatmn

of Weighted Lift

The fractional division of irrigation sprinkler methods is
obtained from the 1975 Irr1gat1on Survey published in the Irnga.tmn Jour-
nal. The survey gives the state-wide areas irrigated for each of the
following systems: tow line and side roll, center pivot, hand move, solid
set, gun and drip. The distribution of sprinkler methods by county is '’
assumed to be the same as for the entire state. The feet of lift for each

of the sprinkler methods, combined with the method's percentage, is
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used to compute a weighted average lift for state-wide sprinkler irri-
gation. e
7.1.1.5 Acres Under Sprinkler Irrigation -

The proportion of land irrigated by sprinkler in each state
is obtained from the Irrigation Journal. In general, only a small frac-
tion of the irfigated'acres is under sprinkler irrigation. All the count1es
in a state are assumed to have the same sprinkler acreage fraction as '
the entire state. - A
7.1.1.6 Distribution of Power Units

Five power units are commonly used in irrigation: gasoline,
natural gas, LP gas, diesel, and electric. A great variation exists in
the proportions of these units between the states. Farmers in the Pacific
states generally use electrical motors. The distribution of power units
by state is obtained from the Irrigation Journal. It is assumed that all
the counties in the state have the same power unit distribution as the

entire state.
7 1, 1.7  Distribution of Water Sources

Three sources of water for irrigation are considered: ground
water, surface water pumped, and surface water not pumped. Energy is

requ1red only for the first two sources.

Data on the average lift of pumped surface water and on the
proportion of irrigated cropland receiving water from each of the sources
were obtained from Sloggett (Reference 7-1). It is assumed that all the
count:.es in the state receive water from the same source as the entire
state, e. g. , the fraction of state water supplied by ground water sources

is the same fraction used to estimate county ground water supplies.

The distribution of water sources is used to adjust crop acreages,
reﬂectmg the fact that not all 1rr1gated land requires energy for ground
water pumpmg or surface water pumping.
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7.1.2 Program Logic

The logic flow paths in the computer program are illustrated
in Figures 7-1 and 7-2. The first figure shows how the county information
file is created; the secbpd figure shows how the energy calculations are
performed and how energy is aggregated for each county and for each state,
Equations used in the calculations are presented in Table 7-1; a 11st of
deﬁmtmns for all the variables is given in Table 7-2.

7.1.3 Print Format

Examples of the tabulated results from computer calculations
are given in Tables 7-3 and 7-4. The former table shows crop-by-crop
monthly energy demand for a given county whereas the latter table gives.
the same data for an entire state. The first part of each table (designated
"Table 1'") gives monthly and yearly a.ggregafed energy consumption at
the input to electric pump drive systems if they were eventually to sexve
the entire geographic area. The second part of the table (designated
"Table 2'') gives the yearly aggregated energy input to all type s of pump
drive units as they are presently distributed throughout a geographic area.
The last column, "Energy in Fossil Fuels', accounts for energy losses
in electric generating utility systems and in transmission to the user's
site. Therefore, it shows energy consumed by fossil fuels delivered on-
site to mechanical pump drives (e,g. diesel engine) as well as that delivered
to boilers at central electric generating stations,

7.2 ENERGY DEMAND PROFILES AND AGGREGATE DEMAND

. Typical results from the computer program are illustrated
in Figure 7-3 where semi~monthly irrigation energy demand in megawatt«
hours (MWh) is shown as a function of month during the year for an 80-
acre Arizona alfalfa farm, Two discrete values were plotted fovr each
month and connected by a straight line to improve visibility, "Thé 550
MWh for the season is obtained by summing the semi-monthly demand
figures, not by integrating under the ‘a.pparent curve,
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Figure 7-1. Flow Chart Creating County Information File
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Table 7-1
List of Equations

Weighted lift for sprinkler methods:
6

LIF TSP= Z (PROPSE,) (SPHEAD, ) (1)
k=1 ' '

Energy for applying one-acre foot by spr‘inklez":
KWHSP= [(LIFTSP) (2.0489)] (PRbpsp) (2)
Energy for pumping one-acre foot from ground water:
KWHGR=(LIFTG) (2. 0489) (3)
Energy for pumping one-acre foot from surface water:
KWHSR=(LIF TS) (2.0489) (4)
Energy required by crops §n ground water only:

KWHGij=(ACREi) (PROPQG) (WTRij) (KWHGR+KWHSP) (5)

Energy required by crops on surface water pump only:

KWHSiJ,z'(ACREi) (PROPS) (WTRij) (KWHSR+KWHSP) (6)

Energy required by crops on combined ground water and

pumped surface water:

KWHCOij=(ACREi) (PROPS) (WTRij) (KWHSR)
+(ACREi) (PROPG) (WTRij) (KWHGR)

+(ACRE,) (W TRij) (KWHSP) (7
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ACREi
PROPG
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LIFTG
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KWHG,.
1)

KWHS. .

ij
KWHCO, .
ij

PROPS Pk

S PHEADk

KWHGR

KWHSR

i

j
k

Tahle 7-2
\
Ligt of Variables

is the irrigated ‘crop acreage of the ith crop;

is the proportmn of the county irrigated crop land
receiving ground water;

is the propornon of the county irrigated crop land
receiving pumped surface water;

is the water use coefficients of the ith crop in the
jth month (acre-feet/acre);

is the county required lift for ground water (feet);
is the county required lift for surface water (feet);

is the county weighted lift required for sprinkler
application (feet);

is the proportion of the county irrigated ¢rop land
under sp¥inkler;

is the amount of electricity required for sprinkler
application in the county;

is the amount of electricity required by the ith crop
application in the county in the jth month for ground
water;

is the amount of electricity required by the ith crop
in the jth month for surface water;

is the amount of electricity required by the ith crop

in the jth month for combined ground and surface water

is the proportion of the kth sprinkler method;
is the head (feet) required by the kth spriﬁkler method;

is the amount of electricity required for pumping of
ground water;

is the amount of electricity required for pumping of
surface water;

1,2....26 for the 26 possible irrigated crops,
1,2....13 for the 12 months and the yearly coefficient;
1. 2.... b6 for the 6 sprinkler methods;

i
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.Table 7-4

ENERGY REQUIREMENTS OF IRRIGATION - ARIZONA

|
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Figure 7-3, 80 Acre Alfalfa Farm in Cochise County, Arizona



Figure 7-4 illustrates the methodology used for aggregating
energy demand by crop and by geo-political region. The process is
repeated for all 17 western states.

Table 7-5 summarizes th/e irrigvation market energy demand
for pumping groundwater by state for three cases: (a) energy delivered
to pump drive unit (all pumps driven by electric motors); (b) energy
delivered to pump drive unit (drive units conform to the current mix of
petroleum-~ and natural gas-fueled engines and electric motors; (c) energy
delivered in the form of fuel to engine—drivén pumps and to electric-
generating utilities. The lower efficiency of engines compared to electric
motors is evident by the decreased use of energy for Case (a) when com-
pared to Case (b). Thére are no decreases noted, of course, for states
such as Oregon and Washington that rely solély on electric power for
irrigation pumping. Because of California's high reliance on electric
power, there would be little decrease in energy demand if the entire state
were to rely on electric power for irrigation. .

8
Overall, 346.3 x 10 12

is required just for pumping groundwater supplies. An additional 141.6 x

1012 Btu is required for surface water pumping, resulting in a grand total

- of 487.9 x 1012 Btu, using a 1969 data base for irrigated acreage. Con-

Btu of irrigation energy in fossil fuels

tinued growth in this acreage can be expected to result in major increases _
in irrigation energy expenditures out to 1985. After'th.at time, limitations
in land and water availability would be expected to slow this growth, ex-
clusive of any negative impact from increased costs of energy gr curtail -

ment of energy supplies.
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Tablg 7-5

IRRIGATION ENERGY MARKET DEMAND SUMMARY
(GROUNDWATER SOURCES)

Energy Demand

State Motor -Driven Pumps Engine- and Motor-Driven Pumps | Fuel Energy
(109 KWh) (109 kWh equiv..) (1012 Btu)
Arizona 3,38 7.15 ' 42.4
California 4,91 5,27 54,5
Colorado 1,04/ 2.12 12.8
Idaho 3.58 4,07 40,0
Kansas 1,37 5. 40 20,2
Montana 0,32, 0.36 3.5
Nebraska 1, 64 5.49 22.1
Nevada 0.13, 0.21 1.5
New Mexico 1.31 4,54 18,5
North Dakota 0.07 0,12 0.8
Olklahoma 0,71 2.58 10,2
| oregon 0. 951I 0.95 10. 4
| South Dakota 0.10 0. 30 1.3
Texas 6.25 22,11 89.7
Utah 0.36 0.50 4.1
Washington 1. oc?. 1.00 11.0
Wyoming 0.29 0,42 3.3
TOTAL - 27,41 62.59 . 346.3




8, SOLAR-POWERED IRRIGATION SYSTEM
CONCEPTS AND APPLICATIONS

)
The various design concepts that have been proposed for dis-

"8. 1 r DESIGN CONCEPTS

persed 'solar irrigation systems (SIS) can be organized into four insolation
collector/receiver categories: (1) parabolic trough, concentrating collector
with linear focus receiver; (2) parabolbidal dish, concentrating collector
with point focus receiver; (3) heliostat reflector field focussing on a central
receiver; (4) photovoltaic panels (concentrating or non-concentrating). The
heated fluid from the first threé collector/receiver subsystems can be di-
rected to a heat exchanger for transfer of energy to a working fluid or be

distributed directly as a working fluid to a heat engine.

Thermal storage is considered for many applications because
it enables the system to use more of the captured insolation for power
generation. This is due to the fact that these systems generally must
operate at a single des‘ign point to retain high efficiency and,. therefore,
insolation variations due to cloud passage or sun-collector view angles are
unacceptable., Water storage has also been considered in a similar context
as a means of using more of the generated energy throughout the year.

. Peak summer irrigation energy needs can be met with a smaller SIS if
water stored out-of-season is used to supplement the water pumped by

SIS in season,

Different forms of heat transfer and working fluids-are available
for selection by system deéigners. Organic fluids have proved to be suitable
for the lower range of operating temperatures and are favored for low pres-
sure system designs, At the higher temperatures, water and air are

favored as selections for the working medium.

Engine design concepts are presently concentrated in versions
of the Rankine cycle, with turbine expanders receiving more attention than

piston expanders. The Brayton cycle has been examined for high tempera-



ture air applicattons, Rather than having a mechanical output drive system,
many designs include an electric generator geared to the turbine output
shaft so that electric power can be produced for use with motor-driven
irrigation pumps. ' ' C '

In parallel with analytical programs for dispersed solar thermal
power systems, experimental programs have been designed to gain exper-
ience, under operational conditions, with actual hardware and to derive from
this experience data needed to validate system analyses and to support de-
sign improvements, A-summa‘ry of characteristics of four solar-powered
irrigation systems that are presently being tested or near to installation is
given in Table 8-1, Three of the four systems rely on a field of distributed
linear focus parabolic trough concentrating collector/receivers for using
energy in direct normal insolation to raise the temperature of a heat transfer
fluid, Energy in the heat transfer fluid is then transferred in a heat exchanger
to the working fluid for a Rankine cycle turbine which, in turn, delivers shaft
mechanical power directly to an irrigation pump or delivers electric power
to a motor-driven irrigation pump. The fourth system in the table uses two
rows of photovoltaic panels for conversion of\insolation to electric power .
that is delivered to a motor-driven irrigation pump after passing through a .

battery storage system and subsequently a DC-AC inverter, -

All of these designs are based on current technology, and three
of the four systems are presently functioning., Operation of the DOE/DST
Willard, New Mexico, facility commenced officially on 8 July 1977. The
DOE/DST Coolidge, Arizona, facility is presently being designed and is tar-
geted for installation completion by mid-year 1979; full operation is not
expected until system tests are completed later that year. The North-
western Mutual Life Insurance Company, Gila Bend, Arizona, facility has
been functioning since May of 1977, DOE/DST's photovoltaic system at
Mead, Nebraska, became operational in August of 1‘977. ’

~ Pictorial representations of each system are given in Figures
8-1 through 8-9, |
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SUMMARY OF CHARACTERISTICS FOR SOLAR POWERED IRRIGATION SYSTEMS

Table 8-1

Mutual Life
Insurance Co.

Subsidiary of Battelle
Memorial Institute,
Columbus, Ohio

Gila Bend, Arizona

Delivers 10, 000 gpm with
14 ft, lift from one-acre
tail- water recovery basin
to.irrigation canal

50 shp; in 9,5 Hr Beriod
Delivers 5.6 x 10~ gal,
on longest days in June

[Project ) Project Irrigation System Power/Energy Required
Sponsor Managers System Location Functions Qutput Land Area
DOE/DST Sandia Labs, Schrimpsher Bros, Pump water from 110 Foot 257shp to 630 gpm pump; 11/4 Acres
Albuquerque N. M. Farm, Willard, deep well to 4.5 AF pond; 10° Btu/Day thermal; (EST.)
(New Mexico State Estancia Valley, . water then pumped to end 200 kWh/ Day electric; -
Univ. Assist) New Mexico roll sprinkler by diesel 23 Hr/Day
engine :
] b Acres;
PDOE/DST Sandia Labs, Dalton Cole Farm, Pump water from 3 deep 150 kW Electric to 3 48, 960 Sq. Ft.
Albuquerque N. M, Coolidge, Arizona wells (285-780 gpm, 390 Ft pump motors plus 24 kW collector field
(Univ. of Arizona lift, 24 Hr/day) to Furrow auxiliary power
Assist) irrigation of crops
Northwestern| Scientific Advances, Gila River Ranch,

1/4 Acre

DOE/DST

MIT Lincoln Labs
& Univ, of Nebraska,
Lincoln, Nebraska

Mead [ixperiment
Station, Nebraska

Pump 1000 gpm reservoir
water for 80 acres corn/
soybeans; dry crops in ofi-
season, 2 grain bins, 'S hp
each; 12 hr/day

23.5 kW * Electric peak,
6.2 A 150 V, panels to
10 hp electric motor

1/3 Acre for
Collectors

% 25 kWe eventually



Table 8-1

SUMMARY OF CHARACTERISTICS FOR SOLAR POWERED IRRIGATION SYSTEMS
(Continued)

System Power Sun
Unit - Tracking

(Eollector Array Energy Storage i

curex distributed, linear concen- § .
rating focus, parabolic trough, ccv-~ Pove ground 23 hr(sum} Barber-Nichols Ran -

dwith Al Alzak 6720 ft2, 8 |mer) 6500 gal tankofCa- | kine cycle tarbine;
r:d‘:els in lzo:ow: 6ftx10ft ’aper loria HT-43 connected to | Freon-R113 working
ure, 90degree rim-ang]e 420°F out} 8000 gal expansion tank fluid; turbine inlet of
et, 240°F inlet of Caloria HT-43 haq below ground; 4,5 AF 325°F, 220 psi; pump

East-to-West;

N .S axis for
collectors

{shadow band
tracker controlling
motor driving an 8-
collector array) -

ransfer fluid inblack chrome-coatdd Water pond mechanical drive

steel tube receiver enclosed by py- , (measured efficiency
sbe of 15%)

curex distributed linear concen-

v-8

trating focus, parabolic trough, ¢
ered with Alcoa Coilzak, 43, 200 ft~,
6ft x lOft aperture, 90 degree rim an
Lgle, 600°F outlet, 407°F inlet of Ca-
loria HT~43 heattransfer fluid inbla¢k

jchrome coated steel tube receiver

enclogsed by pyrex glass tube ~

Above ground, 50 Ft x

[ 11 Ft dia., 30,000 gal

active volume; Calcria

HT-43 glus rock & sand;

16 x 10” Btu

Sundstrand Rankine.
cycle derated turbine,
Toluene working fluid,
power to 3 pumps/
motors

East-to-West,

N -S axis for
collectors

{shadow band
tracker controlling
motor driving an 8-
collector array)

Hexcel distributed, linear i

concentrating focus, parabolic,
troughs, aluminum honeycomb; 5580
» 9rows, 80 ftlong; 3009F outlet;
water heattransfer fluid in black-
coated copper pipe enclosed in insu-

lated aluminum jacketwith pyrex
glass front window

None

Barber-Nichols Ran-
kine cycle turbine;
Freon-R113 working

fluid; pump mechanical

drive

East-to-West,

N -S axis for
collectors (photo-
transistor sensor
system controlling
electro-mechanical
drive)

28 flat Photovoltaic panels with!
656 Solarex & 1248 Sensor Tech
Modules, 120,000 clrcular i
silicon cells; 6000 Ft?; 2 rows
325 Ft. long

L.cad-acid batteries,
85 kW-HR, converted
to 220 V. 3 phase AC

{DC power for inverters)|

Photovoltaic output to

pump AC motor

E-W single
axis,tilt to any
angle




Figure 8-1, DOE/DST - 25 HP Willard, New Mexico Facility
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Figure 8-2., Schematic of DOE/DST - 25 HP Willard, New Mexico Facility
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Figure 8-3. DO
) E/DST - 150 kW, Deep Well Irrigation Facility Coolidge, New Mexico



L-8

Thermal storage

subsystem Power generation di i y
istribution
subsystem Pouersubsy:teu
Collector subsystem
Toluene Turb/gen
t 150 kWe
Boiler g s
e Therming},’ ' L Regen/cond’r. !
— ~\]
Water reservoir Condenser '
cooling .
water

Deep-well irrigation pump(s)

Water storage and
delivery subsystem

Figure 8-4., Schematic of DOE/DST - 150 kWe Deep Well Irrigation Facility, Coolidge, Arizona



Figure 8-5. One Row of Collector Field for Northwestern
Mutual Life Insurance Co,; 50 HP Irrigation System,
Gila Bend, Arizona

’

Figure 8-6., Northwestern Mutual Life Ins;;rance Co.,
50 HP Irrigation System, Gila Bend, Arizona
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Figure 8-7. Schematic of Northwestern Mutual Life Insurance Co.,
50 HP Irrigation System, Gila Bend, Arizona
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Figure B-8., DOE/DST - 25 kWe Photovoltaic Irrigation System, Mead, Nebraska
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8.2

8.3

OPERATING CONCEPTS

(This Section in Preparation)

APPLICATION CONSIDERATIONS

(This Section in Preparation)
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9. SOLAR-POWERED IRRIGATION SYSTEM FINANCIAL ANALYSIS

For the purpose of conducting financial analyses of solar-power-
ed irrigation systems, the decision maker is taken to be an individual farmer
(or group of farmers). The decision under consideration is whether to con-
tinue purchasing energy for crdp irrigation from conventional sources, or
to install a solar power system., Essentially, this decision becomes one of
making little or no investment in plant and equipment, with the expectation
of high annual charges which are likely to increase each year in real terms,
versus a relatively high initial investment, accompanied by comparatively

low annual costs,

. From the general perspective of maximizing net cash flow over
some specified period of time, the decision rule is clear: select the energy
system which yields the highest after-tax net discounted value., However,
while this may be a useful rule to apply to corporate decision making, it
may not be totally realistic to apply it to decisions made by farmers without
taking into account additional considerations, To begin with, farmers
typicélly have low liability-to-asset ratios, The addition of a solar energy
system would undoubtedly have a significant impact on this ratio for most
farmers, Second, farmers are currently realizing relatively low returns
on the estimated value of their assets, This raises questions about their
ability to obtain financing for solar power systems, Third, a solar system
would initially require higher cash outlays than would be needed for conven-
tional energy sources, even though a reverse of this situation could be
anticipated at some future date, This could place a strain on the farmer's
annual operating budget during the first years of employing a solar powered
system, Finally, the annual costs for the solar system are fixed (assuming
purchase through long term financing) and would be difficult to suspend or
reduce in the event of crop failure, while conventional sources of energy
possess a much higher level of flexibility in that they are paid for as they

are used,



While acknowledging that the above considerations are important,
it is nevertheless necessary to first demonstrate that solar systems possess
an economic advantage over conventional energy from the farmer's point of
view in order to assume that he will have any interest at all in making the
substitution. This is the rationale behind the financial analyses conducted
in the present study. The introduction of farm risk factors into future
analyses would be desirable in order to account for the special considerations

just discussed.
9.1 METHODOLOGY FOR ANALYSIS ‘

The financial analysis methodology discussed in this section has
been derived specifically for application to the agricultural sector. This
multi-variate element of the business community has proven to be extremely
difficult to model with one set of characteristics. - Hence, for this analysis,
three different farm sizes have been examined for the case where one or more
small solar-powered irrigation systems are sited on the farm. In a.dditioh,
financial factors have been derived for a large solar thermal/electric power®
cooperative situated on a dedicated site and serving the needs of many farms

or an entire farm community,

A comparative economic evaluation of solar-powered irrigation
"systems is complicated by the fact that the majority of the costs of solar
energy, i.e. purchase cost; occur in the first year*, whereas the costs of
conventional energy sources are incurred year-by-year, Conventional
energy costs are reiatively low now, but are expected to rise fairly rapidly
in future years. Hence, they constitute a non-uniform stream of costs over

future years,

Because the value placed on financial resources of any enterprise
varies with time, the lifetime costs of competing energy sources must be
compared in a manner which takes into account the year in which the various

costs occur. This is accomplished by discounting the value of future expenses

*__
Other costs for maintenance, taxes, etc, .are borne by the farmer each
year over the system lifetime (assumed to be 30 years for initial analyses)
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. ;to a present value., The present value can then be expressed alternatively

in the form. of uniform annual expenditures over a specified period of time,

- 'To compare solar and conventional energy costs in this study,
‘the Equivalent Cost Ratio, or ECR, is'used as the figure of merit, It is
-defined as the annualized lifecycle costs of solar energy divided by the

annualized lifecycle costs of conventional energy saved through the use of

- the solar system., (An annualized amount is that annunity which has the

same present discounted value as does a stream of unequal payments when

evaluated over the same time period.)

The major components of the ECR are shown in Table 9-1.
The annualized lifecycle costs of solar energy are shown as the product of
the capital costs of the solar power system (CC) and an annualized cost
rate (ACR)., The annualized lifecycle costs of conventional energy are the
product of the annual amount of fuel which the solar system displaced (FD)
.and the per unit annualized conventional fuel cost (AFC) fac‘tor. Thus, the
Equivalent Cost Ratio is defined by the equation:

. ACR x CC

ECR = TP < aFc

(9-1)

.This is a very convenient formulation in that it allows the financial factors
(ACR), the cost estimates (CC), the performance estimates (FD), and the
alternative energy cost estimates (AF.C) to be displayed separately., If

one changes independently of the others, the ECR changes proportionately.

. This is important in simplifying the financial analysis of solar thermal
system applications in a nonhomogeneous agricultural energy market. The
succeeding discussion will cover determination of the ACR and AFC factors,

Cap1ta.1 costs and fuel d1sp1acement are d1scussed in Section 10,

- The Annualized Cost Rate (ACR) is defmed to be the annualized
lifecycle costs of solar energy expressed as a fraction of the original
, capital cost of the system. The components of ACR are shown in Table
9-2. The four components are the capital costs, operatmn and maintenance

costs, insurance costs, and property taxes, On the assumption that the
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ECR

Table 9-~1

ELEMENTS OF EQUIVALENT COST RATIO (ECR)

ANNUALIZED LIFECYCLE COSTS OF SOLAR ENERGY

ANNUALIZED LIFECYCLE COSTS OF DiSPLACED CONVENTIONAL ENERGY

ACR . CC
FD . AFC
SYMBOL DESCRIPTION
ECR Equivalent Cost Ratio |,
ACR Annualized Cost Rzate .
CC " Original Capital Costs of Solar Plant
FD Units of Conventional Fuel Displaced Per Year

AFC

Per Unit Annualized Ccst of Conventional Fuel
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ACR

Table 9~2
ELEMENTS OF ANNUALIZED COST RATE (ACR)

ANNUALIZED LIFECYCLE COSTS OF SOLAR PLANT AS.A
FRACTION OF ORIGINAL CAPITAL COSTS

ACCR + AOMR + AIR + APTR

SYMBOL DESCRIPTION

ACR Annualized Cost Rate _

ACCR Annualized Capital Cost Rate

AOMR Annualized Operation and Maintenance Cost Rate
AIR Annualized Insurance Cost Rate

APTR

Annualized Property Tax Cost Rate




farmer obtains a loan for the capital costs, all costs will then be incurred
yearly over the life of the system., The use of ACR to represent these
costs is based on the ability to express each of these variable annual
costs as a uniform annual fraction of the original capital cost of the sys-
tem, Thus, the ACR is easily derived as the sum of the four component
costs, as shown in the equation:

ACR = ACCR + AOMR + AIR + APTR, (9-2)

where ACCR is the annp.alized capital cost rate, AOMR is the annualized
operation and maintenance cost rate, AIR is the annualized insurance cost

rate, and APTR is the annualized property tax cost rate.

The method of ca{lcu.lating each of the components of ACR is
summarized in Table 9-3. The capital cost component is calculated as

ACCR = ==% (1 -qa-T+DPF), (9-3)

where CRF is the capital recovery factéor, T is the marginal income tax
rate, DPF is the depreciation factor, and a is the applicable investment
tax credit rate. These factors are those commonly used in lifecycle
costing; a more complete discussion of them can be found in most finan-
cial analysis and engineering economics textbooks. (See, for example,
Reference 9-1 and Reference 9-2,) The quantity (1 -T) is included in
the denominator of Equation 9-3 in order to convert that term to a pre-
tax quantity which is then consistent with the other terms in the ECR

formula.

The operation and maintenance cost rate (AOMR) and the insur-
ance cost rate (AIR) require no separate calculations, Both have been
estimated directly as a fraction of the original system capital cost, as

described later in the next section.,

The annualized property tax rate (APTR) differs from the
applicable statutory tax rate (TP). It is assumed that property taxes are
levied as a constant percentage of the equipment's assessed valuation, and

that the valuation will decline over time on the basis of a straight-line
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Table 9-3
CALCULATION METHODOLOGY FOR ANNUALIZED COST RATE (ACR)

ACR = ACCR + AOMR + AIR + APTR

CRF _ (|-x-T . DPF)

'ACCR -
o 1- 7T
AOMR = Data input, no calculation necessary
AIR = Data lnput, no calculation necessary
ChF = __L_I\T_
1-(14k)”
DPF = (N. CRF)'I, for straight-line depreciation
_ ] " 1 -
APTR = T, (1 - — —x)
Nk (1 +k) -1
SYMBOL DESCRIPTION
CRF : Capital Recovery Factor
T Marginal Income Tax Rate
DPF Depreciation Factor
o Investment Tax Credit Rate
N System Operating and Accounting Life Time
‘ and Loan Term
k ‘ Discount Rate (after-tax cost of business capital)
e : - Local property tax rate on assessed valuation




depreciation method, The formula shown for APTR takes into account
this decline in the amount of property tax paid each year when measured

in constant dollar terms (without inflation),

Calculation of the unit annualized conventional fuel cost
(AFC) factor is accomplished through use of the equations displayed in
Table 9-4. In brief, the procedure is to sum a non-uniform stream of
conventional energy costs (described in Section 5) and redistribute the
costs as a uniform yearly cost over a specified annuity period. The
specific method employed discounts the unit fuel (or electric energy) cost
accruing in any given year, t, to a present value, A discounted unit con-
ventional energy cost is calculated for each year of competing solar power
unit operation. The sum of these costs is then annualized through use of a

capital recovery factor,
9.2 SELECTION OF BASELINE VALUES FOR PARAMETERS

The financial inputs necessary for calculation of the ACR are
summarized in Table 9-5 for farms of three sizes and for a rural electric
power cooperative. The values shown are best estimates based on limited
information supplied by agricultural economists and business firms, lending
institutions, electric power cooper'atives, and various federal agencies.
Further research will clarify under what circumstances the given values

may change,.

The marginal income tax rates for farms vary from zero for
the smallest farms to 50 percent for the la.'rgest, with an average value of
30 percent. This average value is the one typically used bby ag’r'icultural
specialists in work done for the various state extension services of the U. S,
Department of Agriculture, This was confirmed by several telephone con-
versatibns with extension economists, including two consultants to Aero-
space. This average value is also used in the financial analysis of
electric cooperatives, Although almost all cooperatives are operated as
non-profit and, therefore, are tax-free corporations, the tax cost is

actually assumed by the co-op members who pay increased income taxes
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Table 9-4

CALCULATION METHODOLOGY FOR ANNUALIZED CONVENTIONAL FUEL COST (AFC)

AFC = Annualized Fuel Cost = CRF. PVFC
CRF = At
1 - (1+k)
N -t
PVFC = Z FCt (1+k)
t=1
i .
E SYMBOL DESCRIPTION
AFC Annualized Fuel Cost
CRF- Capital Recovery Factor
PVFEC - Present Value of Fuel Costs
k Discount Rate (after-tax cost of business capital)
N Last Year of Costs
t Year in which fuel cost accrues
FCt Fuel Costs accruing in year t
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Table 9-5
INPUTS FOR CALCULATION OF ACR FINANCIAL COST FACTOR

DEPRECIATION

FARMS ELECTRIC
ITEM LARGEST |AVERAGE|sMmaLLEST COOPERATIVE
INCOME TAX RATE (7) 0.50 0.30 0.00 0.30
REAL COST OF CAPITAL
Pre-Tax 0.05 0.05 0.05 0.02
After-Tax (k) 0. 025 0.035 0.05 0.014
O&M COSTS (AOMR) 0.01 0.01 0.01 0.02
(Fraction of Plant Cost)
" INSURANCE COSTS (AIR) 0.005 0.005 0.005 0.0025
(Fraction of Plant Cest) ‘
PROPERTY TAX RATE (rp) 0. 02 0.02 0.02 0.02
*INVESTMENT TAX CREDIT () 0.10 0.10 0. 00 - 0. 00
(Fraction of Plant Cost) '

STRAIGHT LINE, 30 YEARS




on higher net earnings due to reduced deductions for the cheaper (than non-
é:bc‘)perattve) e'nergy‘ costs, Sincé each customer is also a member, and
since the members control the policy of the cooperative, it has been
assumed that equipment purchase decisions of the co'opera.tive will reflect

the tax liabilities of its customers,

3

The entire capital cost of the solar power system is assumed
to be raised by borrowing funds from financial institutions,  While this may
not absolutely reflect an eventual scenario (i, e. some cash outlay of the
borrower may be required by the lender), the analysis is simplified without
affecting the accuracy of the results to any degree. The cost of borrowed
capital is estimated to be 5 percent in real terms (not including a premium
for expected inflation) for each of the farm groups. This is similar to the
farm mortgage rate which prevailed during the early 1950s in the United
States, when the inflation rate was close to zero and it was unlikely that
people.expected high inflation rates in the future (Reference 9-3), There-
| fore, 5 percent is the pre-tax cost of capital used in analysis of small,

average, and large farms,

The real cost of capital to electric cooperatives is estimated to
be 2 percent, the rate that was charged on lloans made to co-ops by the
Rural Electrification Administration until recently, Currently, the rates
charged to established co-ops are 5 percent, the increase reflecting the
rise in interest rates which has generally followed recent inflationary ex-
periences, In particular cases, a few loans are still being made to newly
formed co-ops at 2 percent rates (Reference 9-4). For analysis of co-ops,

the pre-tax cost of capital was taken to be 2 percent.

The after-tax cost of cai:ital has been used in this analysis as

~ the discount rate for ECR calculations. The after-tax cost of capital (k) is
calculated by multiplying the pre-tax interest rate by the quantity (1 -7).
This reflects the fact that interest rates are deductible for income tax
purposes and leads to real discount rates of 5 percent for small farms,
2.5 percent for large farms, and 1.4 percent for co-ops. While this pro-

cedure can only approximate the appropriate discount rate, the results
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are consistent with the notion that larger borrowers can obtain cheaper funds
because of both lower estimated business default risk (in some cases due -
to diversification) and lower fiscal unit transaction costs in the capital

markets,

The annualized operation and maintenance rate (AOMR) is
shown also in Table 9-5 for all groups. It is given as a constant 1 percent
of the original plant cost for fa.rmsﬁ< and as 2 percent for co-dps. These
rates are derived from documented costs experienced in recent years by
conventional electric generating utilities and from conversations with
operators of modern, automated irrigation sprinkler equipment (Reference
9-5). The higher costs expected for co-ops reflect the greater reliability
which must be maintained by a centralized power generation. and/or dis-
tribution system. O&M cost data from experimental and demonstration ‘

solar thermal systems will be instrumental in finalizing these estimates.

The insurance costs shown are typical of those used in similar
analyses (Reference 9-1), They were confirmed by contacts made with an
independent insurance rate advisory service (Reference 9-6), Public
utilities were found to be in one of the lowest risk groups for fire and
property damage insurance, Tlius, the rate shown for co-ops is lower
than that for farms. Insurance costs are assumed to be constant over

time for all user groups.

The baseline statutory property tax rate used is 2 percent of
assessed valuation, based on data provided by agricultural economic con-
sultants. Geographic variations in this rate have not been considered in

the present analysis,

The Internal Revenue Service currently allows an investment

tax credit of 10 percent for irrigation equipment. This rate is used for

* . s .
Assumes use of farm labor for operations and a portion of maintenance
requirements,
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analysis of' large and'average farm' sizes . While a 10 percent creditl‘o'nl“
a major capital purchase (such as a solar system) is large relative to t;he.
annual tax liabilities of most farms, the credit can be distributed over alj
ten year period by being applied to both previous and future taxes. Also,

certain leasing and other contractual arrangements can be made to gell!

such credits to other parties.

Straight-line depreciation over the entire 30-yeaf expected
lifetime of the solar power system is applied to all market groups, for

both income tax and property tax valuation purposes.

The resulting cémponents of the ACR and the aggregated ACR
for each group are shown in Table 9-6, The ACRs range from'9, 3 percent
for the smallest farms to 8,0 percent for the largest, and to 7.8 percent
for co-ops. The lower rate for co-ops reflects their lower cost of borrowed
capital, That advantage is nearly offset, however, by higher operation and
maintenance costs and lack of investment tax credits., The narrow range in
ACRs suggests that possible future modifications to the input data will
have little effect on the present results, However, financial circumstanceés
leading to lower ACRs should be identified for use in refined market pene-

tration analyses,

With regard to determination of the annualized fuel cost (AFC)
factor, both the capital recovery factor and the present value calculations
are dependent on the value of the discount rate, k. As in the determination

of the ACR, a pre-tax value of 5 percent was used for this term,

£ . < ' ,
The smallest farms are not expected to generate sufficient income tax
liability against which to apply the tax credit, and non-profit co-ops

have no taxes against which to claim the credit, .
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Table 9-6

ACR FINANCIAL COST FACTORS

ITEM FARMS | ELECTRIC
LARGEST |AVERAGE |sMALLEsT COOPERATIVE
DISCOUNT RATE (k) .025 . 035 . 050 .014
COST COMPONENTS
(Annualized Fraction
of Plant Cost)
" Capital (ACCR) . 053 . 056 - . 065 - . 044
OkM  (AOMR) .01 .01 .01 .02
Insurance (AIR) . 005 . 005 . 005 . 0025
_ Property Tax (APTR) .012 .012 .013 .011
TOTAL ANNUALIZED COST P
RATE  [ACR) . 080 . 083 . 093 .078




. <« .,.10. . COMPARATIVE COST ANALYSIS FOR
' SOLAR POWERED IRRIGATION SYSTEMS (SIS)

10,1 DESIGN CONCEPT AND APPLICATION SELECTION

In view of the present systemn emphasis on parabolic trough
collectors and Rankine cycle engines (Section 8), this solar irrigation sys-
tem concept was adopted for comparing lifetime costs of solar systems
with systems that are de;péndent on conventional energy sources. The
engine was conceived as a turbineé-generator unit so that electrical power
could be transferred by underground cables to'a motor-driven pump (or
pumps). This appraach offers some flexibility in system siting because

the SIS would not have to be located at the pump.

Organic fluids were used as both heat transfer and working

fluid mediums with a peak system operating temperature of 600°F,

Thermal storage was used to stabilize and extend the SIS daily
operational period. Water storage was included in the analysis as an '
option to determine effects on comparative system performance and life-
time costs. Standby electric power from a local utility was also retained

as an option.
Comparative analyses were conducted in detail for two geo-
graphic locations - Arizona and Nebraska. These locales were selected

because of their potential for SIS applications, which were identified in
Section 6, and because of the major differences in crop growing season
and insolation levels. These application sites should be considered as

bounding cases.

10.2 DESCRIPTION OF SIS SIMULATION COMPUTER PROGRAM

(Ihis Section in Preparation)
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10,3 ' SIS COMPARATIVE PERFORMANCE AND LIFETIME COST

Based on the seasonal energy demand generated by the Irriga-
tion Market Energy Demand Computer Program (Section 7), SIS collector
area, engine size, thermal storage and water storage levels were sys- '
tematically varied so that an optimized system size could be determined
for the pax{ticular demand schedule., Optimization was based on minimiz-
ing the ratio of SIS lifetime costs to the costs of displaced conventional
energy over the same period, This figure of merit, the equivalent cost .
ratio (ECR), has been discussed in detail in Section 9. System lifetime has
‘been selected as 30 years for the base case-.analysis of a 1985 SIS installa-

tion on a small farm.

It should be recognized that system optimization -based on a
minimum ECR emphasizes cost comparisons rather than performance,
which is measured by percent tuel displacement of a given annual energy
demand by the SIS. This is because system sizing for a minimum ECR

does not always result in maximum fuel displacement.

Earlier analyses had clearly indicated that standby electric
power from utilities was essential to achieving a minimum ECR since
costs for stand-alone systems proved to be excessive, Therefore, all

analyses considered this type of system operation.

10.3.1 Arizona Farm Application Site

Performance and cost evaluations of SIS were conducted for an
80-acre alfalfa farm in Cochise County, Arizona, Cochise Coimty was
selected as a potential site because of the recent rapid increases in prices
for electricity and natural gas (Section 5), the extensive use of natural
gas for fueling engine-driven pumps, the potential curtailment of natural
gas in the future, and the high energy intensiveness of the area due to the
need to extract groundwater from wells with pumping depths of up.to 600
feet, but averaging about 420 feet, Alfalfa was selected because of its

long growing season, thereby using as much of the SIS-generated energy
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as possible for improved cost effectiveness. The 80-acre crop size was
established by calculating the average number of acres of alfalfa served
by a single deep well pump in Cochise County. (Farms are generally much
larger than 80 acres and so the term '"80-acre farm' really refers to an

80-acre tract of land devoted to raising alfalfa on a multi-crop farm.)
10.3.1.1 Energy Balance for Three Operational Strategies

Four turbine sizes of 40, 80, 112 and 200 kW_ were evaluated

for the following operational strategies:
(a) Basic System
(b) Basic System with Water Storage

(c) Basic System with Option of Surplus Energy -
Sales to Utilities

Operational strategy (a) is similar to the conventional irriga=
tion mode where electric or natural gas energy is used to run irrigation
pumps to meet the required irrigation schedule. In this operational mode,
most of the energy is supplied by the SIS, and the rémaining undisplaced
energy is available from a local utility or from a standby heat engine.
Irrigation energy demand for alfalfa begins in February, peaks during the
summer months, and then gradually declines to zero by December. Thus,
with operational strategy (a), there would be a significant amount of
unused energy available during winter months, depending upon the size of
SIS. If the SIS is large and meets most of the required energy d'urh;g
peak irrigation months, then the amount of unused energy during off-peak
gseason would also be great, resulting in significantly higher costs for the

energy produced.

These drawbacks of operational strategy (a) are partly over-
come by strategy (b), where a water reservoir is added to the basic SIS,
so that water can be pumped.by excess solar energy during the off-peak
season, stored in a reservoir and withdrawn during peak irrigation months.

Howevér, this strategy has the disadvantages of additional costs of water
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storage, evaporation losses and potential withdrawal of farmland for the
re'seArvoir. (Withdrawn land for the reservoir may be as great as 5 per-
cent of the irrigated acreage. ' Compared to this, land withdrawn for the

basic SIS is only 1.5 percent.)

The disadvantages of strategy (b) can be overcome by strategy
(c) where excess solar energy produced during the off-peak season is sold
" back to utilities at the same cost at which the standby energy is purchased .
from them#: In this operational mode, the shape of the irrigation energy
demand is not critical, However, utility attitudes and pricihg structure
may deny this form of operation in some locales, Electric power supplied.
by the SIS during utility peak load hours may be advanfageous to utilities
since this power may relieve the utilities' need for additional capital ex-

penditures to meet growth in peak loads.

Using the SIS simulation model, the three 6perati$na1 strate-
gies were evaluated to obtain a corresponding néa.r-opt'i.mum conceptual
configuration by making system tradeoffs of collector size, amount of
high-temperature storage and water reservoir size, “An example of this
type of trade-off is illustrated by the carpet plot in Figure 10-1. Figures
10-2 through 10-13 show the energy balance and system economics for
each of the strate~gies for each of the four turbine sizes, Energy displace-
ment is shown as a percent of the annual irrigation demand (in this case
550 MWe) contributed by the S1S (directly or from water storage). The
percent balance of ‘annual demand is supplied by the utility, Evaporation
losses and SIS surplus energy (or sales of SIS surplus energy) are also
expressed as percents of the annual demand. For example, an 80 kWe _
turbine system displaces 85 percent of annual demand (77 percent supplied
directly by the SIS and 8 peréent indirectly from water storage). 'Surplus
SIS-generated energy is nineteen percent of annual demand. Thus, with an
80 kWe turbine, a SIS generates 104 percent of the 80-acre alfalfa energy re-
quirement (85 percent gainfully utilized for irrigation and 19 percent surplus).

Reducing the surplus energy by pumping more water into storage in the

* This cost equivalency may not be considered by utilities as adequate com-
pensation. The impact of reductions in utility purchase price on SIS equivalent
cost ratio is discussed in Section 10.3.1. 3.
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winter would reduce standby energy needs from the utility but, unfortunately,
would also increase the ECR and evaporation losses (due to a larger reser-
voir), As an alternative, a farmer may be able to trade the excess unused
19 percent energy for the 15 percent utility energy thereby achieving in

effect, 100 percent energy displacement.

As seen from examination of Figures 10-2 through 10-13, as
expected, the equivalent cost ratio (ECR) for strategy (c) is lower than
for strategy (b), which in turn is lower than for strategy (a). Water stor-
age does permit more cost effective use of the SIS, but with an accompany-
ing increase in capital investment. If sales of surplus energy are possible,
then water storage is no longer necessary and the ECR is found to be inde-
pendent of turbine size., However, it is noted that for the larger turbine
sizes, the optimum ECR leads to a very large collector area. With tur-
bine power levels greater than 100 kW, the farmer unintentionally becomes
an energy producer, but faces the prospect of a larger capital investment

than if he had selected a smaller turbine.
10.3.1,2 Idealized Energy Demand Schedule

Recognizing that the maximum use of SIS-generated energy
throughout the year is most cost-effective', an idealized energy demand
schedule was selected for evaluation. The idealized schedule is flat through-
out the year, implying the ‘availability of complementary energy needs on
- the farm that can be met outside the irrigation season. This schedule also

obviates the need for selling excess energy to a utility,

An example of the energy\ balance and the ECR achievable v'ri.th
the idealized schedule is given in Figure 10-14 for an Arizona applicatibn.
The idealized annual demand was set equal to the 550 MWh annual expendi-
ture for the alfalfa farm described in Section 10.3,1.1. The low ECR
shown is indicative of the importance of having a level energy demand pro-
file throughout the year. In fact, the ECR closely matches the value
achieved when sale of surplus energy to utilities was considered for the
alfalfa farm. The capital cost is also low when considering the relatively

high energy displacement of 78 percent.
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10.3,1.3 Sensitivity Analysis

Figure 10-15 shows the relationship of ECR to turbine size
for the three operational strategies depicted in Section 10.3.1.1. The
idealized energy demand case for a 60 kWe turbine is also included. As
seen from this figure, the ECR for strategy (c) is nearly the same for each
turbine size and is comparable to the idealized demand case. ECRs for
strategy (a) and (b) are approximately the same and invariant with turbine
size up to 80 kWe; thereafter, the ECR starts to increase gradually.. This
indicates that it does not pay to install water storage when using smaller

turbines which produce lesser quantities of electricity.

System performance is shown in a plot of energy displacement
as a function of turbine size in Figure 10-16, Energy displacement in-
creases with turbine size for stfa:tegy (c); the idealized énerg_y demand
case also lies on this curve. (Energy displacement for strategy (c) in-.
cludes energy displaced on-farm as well as at the utility.) Energy
displacement for strategy (a) is lower than strategy (b), which in turn
is lower than strategy (c). Energy displacement for strategy (a) peaks
out at 80 kWe whereas, for strategy (b), it lies between 80 and 112 kWe.
The above information, when used in conjunction with the data given in
Figure 10-15, indicates that the optimum SIS turbine size for strategy (a)
is about 80 kWe and for strategy (b) is somewhat larger. No optimum
turbine size is Indicated for strategy (c).

‘ .Rélative performance of the three strategies can also be dis=-
played in the form of system capital cost as a function of energy displaced,
Figure 10-17 shows the linear relationships relating greater system per-
formance to higher cost. The advantage of strategy (c) is clearly indi-
cated by the greater amount of energy displaced compared to strategy (a)

+ or (b) at the same capital cost. The idealized energy demand case lies

on the curve for strategy (c).
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As noted in Section 10.3,1,1, under Strategy (c), excess
solar energy is assumed to be sold back to utilities at the same cost at
which standby energy is purchased from them, However, if the utility
agreed to purchase this energy at a rate reduced from that at which it
charged the farmer for energy he purchased to supplement solar-generated
energy, then there would be a noticeable increase in the equivalent cost
ratio. The effect of this fori'r} of utility policy on ECR for an 80 kWe SIS
is shown in Figure 10-18. A ratio of 1.0 on the abscissa corresponds to
the initial assumption of parity in utility buy-sell rates, resulting in an
ECR of 2.01. The ECR continues to rise as the ratio declines until, at
a ratio of zero, the ECR has increased 40 percent to a value of 2. 81,
matching the ECR for Strategy (a) which has no sales of surplus energy.
10.3.1.4 Impact of Conventional Energy Costs and SIS Financial

: Parameters on Collector Cost Goals

It is of interest to evaluate how the annualized costs of compe-
ting conventional energy and SIS financial '-f)arameters might affeéf collector
cost gbals for achieving an ECR of unity. Figures 10-19 throu'gh‘ 10-21
give breakeven requirements (ECR=1) for Strategies (a), (b) and (c) for
different combinations of annualized unit costs of competing conven}:ional
energy and solar irrigation systems when collector costs are varied. It
can be seen from Figure 10-19 that at 100 mills/kWh and 10 percent
annualized cost rate, the breakeven collector cost is $10/fta. Although
not shown in Figure 10-21, the breakeven collector cost. for Strategy (c)
under similar conditions would be $16/£t2. These figures can also be used
for determining SIS breakeven annualized cost rates for different expected
combinations of collector system costs and competing energy prices.

10,.3,2 Nebraska Farm Application Site
(This Section in Preparation)
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10.3.3 ECR Correlation Analysis for Farms in the 17 Western States

To enable a simple assessment of the ECRs for all 17 western
states without engaging in extensive analysis, calculations were performed
for a few states, resulting in a useful correlation between the ECR and
direct daily insolation (DDI) at each locale, It was assumed in the analy-
sis that an idealized energy demand profile was available at all possible
geographic locations. (If this is not possible, then sales of surplus energy
to utilities could be considered; it would offer nearly the same ECR,) Fuel
displacement was considered to be cdmplete. The resulting correlation
curve is given in Figure 10-22, The direct daily insolation needed to
enter this curve has been summarized for each state in Figure 13-2,
Because.this curve was constructed for a fixéd value of conventional energy
cost, the resulting ECR must be modified by the particular annualized
conventional fuel cost fo;' each state, as given in Figure 13-3, An example

" of the ECR determination for New Mexico is shown in Figure 10-22.

Although the scenario assumed here is optimistic, it is useful
" in depicting the maximum market potential described in Section 13, Other

" scenarios can be ascribed to SIS applications with alternative correlations.

10.3.4. SIS Analyféis for Farm Po'wer éooperative Application

Althoughr the comparative evaluation places primary emphasis

" on solar ir rigation systems sited on individual farms, an alternative con-
sideration is thelapplicati.on of solar energy to agricultural power coopera-
tives that distribute grid power,* Such systems could serve the energy

. needs of many irrigation farmers as well as supply power needs for other
farm operations or for surrounding municipalities when excess power was
‘ avallable outside the irrigation season. This excess power could also
possibly be sold to the area power grid if the solar power unit could match

the required line voltage,

%{,e,, These co=ops do not generate their own power, they merely pur-
chase power generated elsewhere and distribute it to farm communities.
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Analysis of a co-op system was performed for the three strate-
gies discussed in Section 10.3.1, Figures 10-23 throu'gh 10-25 give the
energy balance and ECR results for a 25 MWe central receiver solar irri-
gation system located in Cochise County, Arizona., This system was
evaluated against the total irrigation energy requirement for the entire
county. As seen, there) are major reductions in ECR compared to the |
smaller on-fax:m systems that were depicted in Figures 10-2 through
10-13. An example of the economic advantage of a co-op system is afforded
- by comparison with an 80 kWe on-farm system. The largest reduction was
for operational strategy (c), where a reduction of 45.8 percent was achieved
when surplus energy is sold to a utility, resulting in an ECR of 1.09. The
smallest reduction of 34. 5 percent was for operational mode (a)., This
lower reduction in ECR was mainly due to the fact that the shape of total
irrigation energy demand for Cochise County has a'significant summer
peaking requirement compared to the 80 acre alfalfa farm energy demand
schedule. In the surplus energy sales mode, the shape of the energy de-
mand schedule is not an influencing factor for ECR, since anytime the SIS-
geherated electric energy exceeds the required demand, it can conceiv-
ably be éold back to the utility grid. As water storage tends to somewhat
compensate for the effect of sharp peaking energy requirements, the
results for‘operational strategy (b) indicate a large reduction of 45.7 per-
cent in the corresponding values of ECR. Water storage remains at each
farm as for the on-farm SIS application. If water were stored at the power
co-op, an extensive pipe distribution system would be required to deliver
water to each farm. The co-op distribution system is simply the existing

electrical network.

The overall large reduction evident in ECR is due to SIS opera-
tion at higher efﬁ.cienciés resulting in relatively smaller collector areas
for a given power output when compared to the small on-farm system.
The large co-op system permitted consideration of a heliostat/central
receiver design with peak operating temperature of about 900°F. The higher
cycle temperature combined with scaling effects results in increased system

efficiency.
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Improvements in efficiency for large co-op systems are offset
somewhat by the reduced cost of conventional energy purchased by a power
distribution co-op compared to the cost of energy purchased by an indi-
vidual farmer. These reduced costs were considered in calculation of the
ECR for a co-op. Nonetheless, the low values for ECR show that co-ops

may be the first market applications of SIS to be penetrated.

10.4 SIS INSTALLATION CONSTRAINTS

(This Section in Preparation)
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11, FARM CASH FLOW ANALYSIS

11.1 ME THODOLOGY USED FOR ANALYSIS
(This Section in Preparation)

11.2 BASE CASE ANALYSIS RESULTS
(This Sectior.; in Preparation)

11.3 EFFECT OF GOVERNMENT POLICIES

(This Section in Preparation)
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12, FARM BUDGET ANALYSIS

12,1 ' COMPARISON OF CROP AND ENERGY PRICE INDICES

Since 1973, energy prices paid by farmers have increased much
more than the crop prices paid to farmers. The national index for ‘energy
prices paid by farmers climbed steadily from a value of 100 in 1973 to
161 in 1976 while crop prices received by farmers varied within a narrower’
range, from 100 in 1973 to 113 in 1976 with a high of 128 in 1974, This
effect is illustrated in Table 12-1 which shows the ratio of crop price index
to energy cost index, both normalized to a value of 100 in 1973. The impact
on farm operating budgets has been to reduce the already narrow margin of
profit for successful farmérs, and to drive unsuccessful farmers further
into debt. Many farmers have been forced to refinance their land, taking

advantage of rising land values, in order to‘offset negative cash flows,

. While the national picture in itself appears discouraging to
farmers, escalation in énergy prices in parts of the southwestern United
States poses even more serious problems for farm enterprises. For
example, in Cochise County, Arizona, between the years 1973 and 1977,
electricity prices increased by a factor of 2, 54, Natural gas prices in this
same period rose even more dramatically by a factor of 3.85. These
figures translate to annual increases of 26,3 percent and 40 percent, res-
pectively. This rapid escalation in energy prices has increased the cost
of pumping irrigation water dramatically and has, at the same time,
impaired the ability of Cochise County farmers to remain competitive with

other areas in the country,

Energy cost increases can be expected in the future, and the
viability of farming may eventually disappear for those farming regions .
dependent on irrigation. The impact of rising energy prices on future

érop budgets is examined in the next section,
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Table 12-1

COMPARISON OF NATIONAL CROP AND ENER(;:Y PRICE INDICES,

1973-1976

(1) Index cf Crop

(2) Index of Energy

Crop-Energy

Year | Prices Received by Prices Paid by Price Index
Farmers (1973=100) ] Farmers (1973=100) Ratio
1976 113 161 0.70
1975 115 153 0.75
1574 123 137 0.93
1090 100 1.00

1673 -




12,2 ENERGY PRICE IMPACT ON FUTURE CROP BUDGETS

Future crop budgets will be affected by rising energy prices.
This effect will be most severe for irrigated crops in areas where water
must be pumped from deep wells, Some examples of the increasing share
of crop budget devoted to irrigation fuel in 1975, 1985 and 2000 have been
prepared for Arizona, Texas and Kansas. Two representative major
irrigated crops in each of these states were selected from those on which
the Economic Research Service of the U. S, Depé.rtment of Agriculture
(USDA) has published estimated 1975 crop budgets called Firm Enterprise
Data System (FEDS) budgets. These FEDS budgets were compiled for
USDA by the Department of Agricultural Economics at Oklahoma State
University. Selected crops were: (1) alfalfa and cotton in Arizona, (2)

sorghum and cotton in Texas, and (3) wheat and corn in Kansas.

The average amount of fuel required to irrigate one acre of
the selected crops for one year was calculated from data provided by the
Irrigation Market Energy Demand Computer Program (see Section 7).
Table 12-2 shows the calculation of fuel required for each crop. The cost
of fuel per unit, i.e.,, kilowatt hour (kWh) of electricity, thousand cubic
feet (mcf) of natural gas, and gallons (gal) of diesel fuel is given in Table
12-3, All costs are in noninflated 1977 dollars and derived from the data

base described in Section 5,

Tables 12-4, 12-5, and 12-6 show the major elements of
crop budgets for the two example crops in each of the three states, The
estimated annual cost expressed in terms of dollars per acre is shown
along with the percent of total cost represented by each entry, which
designates the resultant percentage of crop budget devoted to: (1) irriga-
tion fuel, (2) other variable costs, (3) fixed irrigation costs, and (4) other
fixed costs. Thes;. percenté.ges were used in plotting the bar chart shown
in Figure 12-1, Note that changes in budget elements with time are the
result of increased fuel cost only, These fuel costs apply to all energy-

consuming crop production operations, but have been isolated in Figure 12-1
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Table 12-2

IRRIGATION FUEL REQUIRED

(1)

State Arizona Texas Kansas
Crop: Alfalfa Cotton Sorghum Cotton Wheat Corn
Crop Thousand Acres 157.9 292.8 163.8 109. 7 271.9 380.0
Annual Irrigation 879400 901279 102990 93081 200831 383615
Energy (kWh)
Electricity (kWh) 5569 3078 629 849 739 1010
per acre
Gas (MCF') per acre - - - - 9.64 13.02 11.33 15.49

(1)

Hale County, Texas




Table 12-3

FUEL COSTS
(1977 DOLLARS)

State: Arizona Texas Kansas

1975 Fuel cost
$ per unit

Electricity (KWH) 0.028

Gas (MCF) 1,265 0.733
Diesel (GAL) 0,422 0.389 0. 411
1985 Fuel cost
$ per unit
Electricity (KWH) 0.03¢ | o0.040 ©0.043
Diesel (GAL) 0.580 0.556 0.561
2000 Fuel cost
$ per unit
Electricity (KWH) | 0,046 0.050 0. 053
Diesel (GAL) 0.780 0.759 0.757
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Table.12-4 .- .

e

. ANNUAL CROP BUDGETS PER ACRE - ARIZONA

(1977 DOLLAES)

Crop: ' Alalfa Cotton
" Year: 1975 1985 200D 1975 - 1985 2000 |
Irrigation Fuel - o
(dollars) 154 189 256 ‘85 105 | 142
(percent)- | 32 36 43 17 20 26
Other Variable
o (dollars) 272 273 275 291 295 300
{percent) 56 53 47 60 58 54
Total Variable
(dollars) 426 462 531 376 400 442 .
(percent) 88 89 90 7 78 80
Fixed Irr’igation
' (dollars) 54 54 54 40 40 40
(percent) 11 10 9 8 8 7
Other Fixed.
ven:s - (dollars) 5 6 6 73 73 73
(percent) 1 1 1 15 14 13 -
' Total Fixed ‘
(dollars) 60 60 | 60 - 113 113 ° 113
"(percent) 12 11 - 10 23 22 20
Grand Total
dollars) 486 522 501 489 | 513 555
- {percent) 100 100 100 100 l 100 100
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"ANNUAL CROP BUDGETS PER ACRE - TEXAS
(1977 DOLLARS)

'I_'ablq 12-5

Crop:

Sorghum for Grain

Cotton

Year:

1975

1985

2000

1975

1985

2000

Irrigation Fuel

. ) (dollars)
(percent)

iOther Variable

(dollars)
{percent)
‘Total Variable

(dollars)
. {percent)

Fixed Irrigation

(dollars)
{percent)

Other Fixed

. (dollars)
{percent)

Total Fixed

{dollars)
{percent) .

Grand Total

(dollars)
{percent)

95
57

107
64

39

23

22
13

61

36

168

100

25
14

.97

53

122
67

39
21

22
12

61
33

183

100

31

17

100

131
68

39
20
22
12

61
32

192 °

100

17
10

91
- 54

‘108

29
17

32z
19

61

169
100

34
18

94

. 50

128
68

29

15

" 32
17

61
32

189
100

42

22

" 97
© 48

139
70

. 29

15

32

15

61
30

200
100
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Table 12-6

ANNUAL CROP BUDGETS PER ACRE - KANSAS
(1977 DOLLARS)

Crop:

Wheat

Corn for Grain

Year:

1975

1985

2000

1975

1985

2000

Irrigation Fuel
{dollars)
(percent)

Other Variable

(dollars)
(percent)

Total Variable

{dollars)
(percent)

Fixed Irrigation
(doltars)
{percent)
Other Fixed
(dollars)
(percent)
Total Fixed

{dollars)
{percent)

Grand Total

(dollars)
{percent)

61
L)

72
56

56
44

128
100

32
21

65

97
63

39
25

17
12

56

153
100

39
24

67
41

106
39
24

17
11

56
35

162
100

135
66

126
7l

34
RY

26
12

v-R-3

206
100

43
18

138
57

181
15

34
14

26
11

60

241
100

197
77

34 .
13

26
10

60
23

257
100
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jus"’t'for irrigation operations, Tilling, seeding, harvesting and other
operations fuel costs have been aggregated as a portion of '""Other Variable

Costs'',

‘Examination of Figure 12-1 reveals some intérésting compari-
sons and trends, Arizona preseatly dominates in allocation ofﬁcosts to
irrigation fuel costs, pérticﬁlarly for high water demand crops such as
alfalfa, Between 1975 and 1985, small increases in irrigation fuel budget
allocations are evident for Arizona, but Texas and Kansas show these
percentage costs increasing by a factor of 2 to 3, By 2000, combined fixed
and variable irrigation costs are expected to exceed 50 percent of crop
budgets in some cases. '

, When lrrintlon fuel costs bacome a dominant factor in crop
budﬁefu. small changes from the estimated unit fuel costs could easily
shift farm cash flows from positive to negative, particularly for crops
that are prone to production'yield variations from year-to-yesar, This
factor could prove to be a major inducement to farmers to introduce solar
irrigation systems in order to help stabilize their net farm income.
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"~ 13, MARKET ANALYSIS

4 Because new technology typxcally does not achieve immediate
total market penetratlon, even if an econom1c advanta.ge is demonstrated
a market penetratmn model must be used to estlmate annual percent of
market potent1a1 captured by solar energy. The current study effort d1d B
not permxt a complete assessment of market capture by solar 1rr1gat1on .
systems. Rather, the analysis focused on market potentials; the number“;j
of solar units which might be sold to farmers from 1985 through 2-01,.5 |

remains to be estimated,

Some of the factors whlch could cause farmers to hesitate
purchasmg solar energy systems have already been discussed in Section
9. Not only do farmers as a group tend to be cautious in their purchases, ._
but the financial institutions serving agncultural communities tend to be
relatively conservative, Farming, in any event, is asgociated with nsks
both on the production side, due to the constant possibility of crop faxlure, .
and on the marketmg end, due to continual uncertamty about commuodity
prices, From year to year, farmers can never be sure about the prospects
for positive cash flows. If the reliability of the solar system is in question,
this would be an additional factor weighing against purchase of the solar
systems, The likelihood of constantly increasing prices for conventional
energy may only partially offset the uncertainties connected with solar
energy. '

Many of these uncertainties might be overcome through specific
government programs involving low cost loans, loan guarantees, price
supports, etec, If such uncertainties are assumed to be reduced through
some form of government action, it is of interest to make a determination
of when and where solar energy could become economically viable, and to
estimate the magnitude of the market potentials which would then open up to
solar systems. The following discussion briefly describes how this was
accomplished,
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13,1 SCENARIO DEFINITIONS

(This Section in Preparation)

13,2 SELECTION OF MARKET PENETRATION FACTORS

A detailed economic analysis of a solar-powered irrigation
system has been completed previously, and is described in Section 10,
The purpose of this section is to generaliie results of that analysis for
application of small on-farm solar irrigation systems in the 17 western
states*, Since more than 92 percent of all energy consumed in crop irri=
gation occurs in these states, this area constitutes the major future market
for solar irrigation systems, Geographic factors which influence the
potential economic competitiveness of solar systems have been-identified
and quantified where possible. To test the market analysis methodology,
an energy demand scenario has been specified and solar system cost goals
have been estimated which will allow those systems to begin penetrating

increasing portions of the market.

The measure of marketability of solar energy systems used in
this section is the Equivalent Cost Ratio (ECR), which was discussed in
Section 9, It is assumed that a value of ECR less than or equal to unity
is a necessary condition for market penetration to begin. That fraction of
the total market where ECR is less than or equal to unity under various
conditions will be called the Market Potential for solar energy. Once a
Market Potential is established, market penetration is postulated to occur
in total, More sophisticated analyses are being considered where solar
energy captures an increasing market share over time. Techniques
necessary to estimate that time path are not currently well developed,
and further efforts-in that direction are beyond the scope of this present
effort, Most studies conclude that an S-shaped curve best describes the
time path of market penetration by successful new technologies., The

applicability of this pattern to future technologies whose success is .

=
Large co-op solar irrigation systems will be considered in future
analyses
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uncertain is questionable, however. Several articles on this topic can

be found in Reference 13-1.

Many of the factors which affect ECR are those which vary from
one application and location to another. The most important of these factors
have been identified as the average daily direct insolation-(DDI) and the expected
costs of cqriventional fuels (AFC). A simulation analysis has been previously
described in Section 10 in which the ECR of an optimized solar system was
generated under various insolation conditions fo\r an idealized energy demand
prpfiie. The relation between ECR and its major argument can be approxi-

mated by the equation:

ECR = (6.488 - 0.9973 x DDI + 0.04912 x DDI°) £28  (13-1)
The expression will be used to estimate the ECR for each of the regions com-

prising the 17 state markets.

The individual regions which have been delineated for this
analysis are shown in Figure 13-1. In most cases, an entire state is taken
to be one region. The analysis described in Section 6 resulted in prelimin-
ary rankings of the states according to the likelihood of markets for solar
irrigation systems. Based on those rankings, six states were selected for
detailed study, namely: Arizona, California, Kansas, Nebraska, New
Mexico, and Texas. As Figure 13-1 shows, four of these states have geo-
graphic divisions that are based on significant differences in projected
conventional energy costs, insolation levels, and farming patterns. The
specific outlines of the substate divisions follow those of the areas used in
the Firm Enterprise Data System of the U.S. Department of Agriculture.
Irrigation in Kansas is limited to the western third of the state, which is
quite homogeneous. In New Mexico, much of the irrigation occurs along
the border with Texas, and in Arizona, almost all irrigation is found in

the southern part of the state,

The estimated average daily direct solar insolation (DDI)

isoquants for the study area were derived from Reference 13-2 and are
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Figure 13-1, Solar Irrigation System Study Regions



shown in Figure 13-2, These values are expressed as intervals and include
visual geographical weightings based on areas of concentrated energy use
for irrigation, As shown, the values range from a low of 3.5 kWh/m2 per
day in Washington to a high of 8.0 kW'h/m'2 per day in parts of Arizona and

the desert areas of Southern California,

Inmall cost comparisons involving solar powered systems, the
co"st of.solar energy is compared over'a 30-year period to that of the least
costly ¢onventional energy source én the a'ssumption that sufficient ‘'supplies
of those sources will be available at the projected prices, Costs for pumps
and wells were not included in the analysis beca.ugs‘e these costs are common
to both solar power and conventional power systems., Costs for pump drive
units were also excluded from the present analysis because it was assumed
that existing electric motor drives would be compatible with a solar thermal/
“electric power unit, and no additional costs would be entailed, For the
case of existing mechanical engl;ig drives, it was assumed that conversion
to lower cost coaventional electric power (see discussion in Section 5) would
take place prior to the introduction of solar power and, again, the electric
motor drive would be available for use at no additional cost, Solar power
system capital costs alwaye lnclude:costs for an electric generator linked
to the power turbine subsystem,

13,3 ANALYSIS RESULTS FOR BASE SCENARIO

‘ The methodology used to calculate the annualized conventional -
zfu‘e’l cost (AFC) was described in Sedt-lqn 9. The AFC for each of the sfudy
regions has been calculated and displayed in Figure 13-3, These values
are expressed as constant 1977 dollars per acre-foot per foot of life, and
were annualized for a 30-year period using a 5 pe‘rcent discount rate, The
~AFCs were also calculated using a 2.5 percent discount rate, but they are
higher than the values shown by only about 3 percent, As shown, the values
range from e low of $0, 056 in Idaho to a high of $0, 124 in southeastern
Arizona, Much of the variation in the values is due to differences in the

ayauabulty of low cost hydropower for electricity, For example, much of
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Figure 13 -2, Average f)aily Direct Solar Insolation (‘kWh/m2 Day)
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the Arizona irrigated land has access to electricity generated by
federally-sponsored hydropower projects along the Colorado and Salt
Rivers, This is reflected in an AFC of $0. 082 which is much lower than
the AFC for the southeastern part of the state served by investor- or
municipally-owned electric power utilities competing with increasingly
higher-priced and scarce natural gas energy sources. All of the values
shown are for the least costly conventional energy source which, in most
states, was found to be electricity when annualized over the 30-year
period., |

Using the methodology described previously, Equivalent Cost
Ratios (ECRs) have been calculated for each of the study regions, These
ECRs have been expressed as intervals, with the endpoints given by the
ranges of insolation values within a region, . The values for a system pur-
chased in 1985 and operated until 2015 are shown in Figure 13-4 for farms
of the smallest size, for which the annualized cost rate (ACR) is 0,093,
Larger farms and electric co-ops will have ECRs which are smaller in
proportion to their ACR, The ECRe shown vary from a low of 1,33 {n
southeastern Arizona to a high of 5,32 in Washington, As may have been
expected, the most favorable regions for solar energy are in the southern
group of states, where insolation levels are high and low-cost energy
sources are less common, By way of comparison, more favorable results
are obtained for the largest farms, (e.g., the EGR for large farrns in .
southeastern Arizona s very close to 1, 00), l '

The ultimate significance of a low ECR value depends on the
amount of energy consumed for irrigation pumping within a given region,
That energy use has been previously estimated by Aerospace for each county
in the 17 western states, and {s shown distributed by region in Figure 13-5,
If the current mix of pump drive units were to be converted to electric
motor drives prior to introduction of solar power units, the energy used
for irrigation from groundwater sources is estimated as 27,3 x 107 kWh
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Figurel13.-5, Distribution of Energy Consumption For Irrigation
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%
for 1969 . Because the amount of irrigated acreage has increased signi-
ficantly since 1969, energy consumption can be assumed to have also
increased, For purposes of this analysis, however, only the regional

fractions of the 17-state energy total will be used.

. While values for ECRs are greater than unity everywhere,
“several factors could iower those estimates, For example, the system
capital cost per kilowatt could be expected to decrease over time because
of improved production/installation efficiencies or improved design effi-
ciencies. The cost reductions necessary to produce an ECR equal to unity
are best shown by recalling the formula for ECR:

_ ACR x CC

ECR = FB x ATC

(13-2)

Any change in system capital costs (CC) will have a proportionately equal
effect on ECR, viz:

ccfev = ECRrev
¢c .. _ ECR (13-3)
orig, = orig.
Hence, cc
: Ccvrev. - EC].(;ng' for ECRrev. =1 (13-4)
orig.

Regions for which the current estimates of ECR are relatively low will A
require only small decreases in capital costs to achieve solar system cost
parity. Alternatively, regions with high ECRs will rquii'e larger capital
cost decreases, The cost reduction factor, (—E—IC-JT{')’ thus represents goals
at which each region becomes part of the market potential for solar energy
systems, As the solar system costs fall, more and more regions achieve

cost parity and the market potential grows.

The effect of capital cost decreases on the ultimate (complet.e
fuel displacement by solar system) market potential for solar irrigation

. — ‘
More recent 1974 data have just recently been summarized by the U.S.
Bureau of the Census and were not available when Aerospace completed
the Irrigation Market Energy Demand Computer Program.
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systems is shown graphically in Figure 13-6, The capital cost goals
required for each level of market potential are expressed as a percent
of system baseline capital cost which is shown in fhe figure, The base-
line cost was estimated for 1985 system installation and is based on
collector costs of $14 per square foot, high temperature storage costs
of $4500 per million Btu's, and combined turbine and generator costs

" of $40.0 per kWe. The level of these baseline costs is illustrated by the
example shown of an SQ kWe- system that costs $4700 per kWe in constant
1977 dollars,

The potential market for solar power is expressed as a percent
of the total energy consumed for irrigation by groundwater in the 17 western
states, Two market potential curves are shown - one for small farms,
and one for large farms., These curves represent bounding cases for
impact of ownership on solar irrigation system market potential, because
of the effect of farm size on income tax bracket and the resultant effect on
economic attractiveness of these systems when compared to conventional
energy sources, (Further work could result in refined estimates of market
potential by considering the actual distribution of farm size within the var-
ious geographic regions.) Both curves exhibit similar characteristics,
however., They show that the initial markets will be available on a small
scale in certain geographic areas which are characterized by high insolation
levels and expected high costs for conventional energy sources, Inroads
by solar energy into larger markets will depend on major cost reductions .
for solar systems, However, once those lower cost goals are realized, o ,ﬂ_.
the markets become accessible very rapidly. For example, the curve
for large farms shows that as solar costs fall from 65 percent of the base-
line values to 45 percent, the potential sales increase from only 5 percent
to over 80 percent of the entire market, Thus, in this example, the 65
percent cost goal could be a:/demarcation point, after which rapid access
to irrigation markets could be expected.

As is noted in Figure 13-6, the market potential curves shown
assume that the individual solar-powered irrigation systems are able to
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displace all of the conventional energy. Detailed Aerospace analysis has
shown, however, that it is often more cost effective (as judged by a
minimum value for ECR) to design a solar system which displaces only
a portion of the energy for irrigation. This is illustrated in Figure 13-7
where market potential curves are shown for different levels of fuel dis-
placement (100%, 75% and 50%) which are assumed to apply uniformly to
all markets, For clarity, only the curves for large farms are shown.
The curve for 100 percent displacement is identical to the curve in Figure
13-6 for 1arée farms. The curves for lower fuel displacement illustrate
the lower market potential achievable at each capital cost goal. The
capital cost goal required for initial market access and the goal required

for major market access are unchanged, however.

For years bey'r.ond 1985, at least two factors will increase the
economic attractiveness of solar energy systems for irrigation pumping.
First, the costs of conventional energy sources are expected to increase,
as shown previously in Section 5. Second, the capital cost of solar irriga-
tion systems may be expected to decrease beyond the cost estimated for 1985,
The effect of rising conventional energy costs is illustrated in Figure 13-8,
where market potential curves are shown for both 1985 and the year 2000
for the large fa.rm sector, To obtain the curve for the year 2000, solar .
costs were not modified beAtween 1985 and 2000, nor were insolation levels
and geographic distribution of irrigation er;ergy consumption revised. The
annualized conventional fuel costs were based on those costs which have
been projected for the period 2000-2030. The solar cost goal required for
establishment of an'initial market potential relaxes from about 95 percent ..
of the baseline costs in 1985 to over 110 percent of baseline costs in 2000.
Similarly, the market potential achievable at any given cost goal is increas-

ed over time,

13.4 ANALYSIS RESULTS FOR ALTERNATIVE SCENARIO

(This Section in Preparation)
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