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Thus, the energy component of agriculture needs tu be treated with an
understanding that leads tu an 1n;rea§ed application of enerqy, but with cun-
cern for sources, types, and conversion devices best suited tu the economic,
social, and natural circumstances of the cuuntry invouived.

The problem of increasing the use of energy in agriculture is a sophis-
ticated one because the relationship is complex. Adding enerqy does not
necessarily add productivity. Choosing the point of intervention for eneraqy
supply programs not only requires agricultural experience, but also increased
sophistication un the part of energy program designers and manaqers.

This report is a small and early step toward better understanding of the
relatiunship hetween energy and agriculture; tuward identifying the most
significant tarqgets for intervention through energy accounting; and, there-
fore, toward defining the process of energy oroaram participation in agricul-
ture,

For the purpuses uf defining the must apprupriate direction fur this
early step, an accounting toul has bheen buirlt. The tuol was fashioned from
basic energy analysis in the agriculturil literature and methods nreviously
employed by the countractor for DOE. A numher of measures were used to reduce
the cost and effort associated witn the methodoloqy of energy accounting and
to bring 1t 1n line with the use to which it ultimately will be aoplied. The
method 15 hased on accounting for enerqgy use. [t dues not orovide a causal
input-output model. The closest analoque tu the 3aricultural accounting
system 15 the industrial enerqy 3udit., ‘hile ecunumic anatysis oryvides
evaluative craterie, the aariculturzl accounting orovides the means by which
targets ar2 identified for such 2valuatiun, With tine, tne tool w11l hecome
more sophisticated and the data base will build ty set exnectations of desired

efficiency levels,
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Figure 1

THE ENERGY/AGRICULTURE INTERFACE
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Energy Return (kcal)/Input (kcal)
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Figure 2
CORN PRODUCTION INCREASE WITH FERTILIZER USE*
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Exhibit A

EVALUATING
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o
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AGE FOR IRRIGATION IN AFRICA

This in-depth illustration of energy analysis for irrigation shows the
development of a procedure for evaluating both ind:irect and direct 2nerqy
usaqe. It includes detailed data on the major eneraqy compunents or irriga-
tion. Tnrough the use of this proucedure and the data presented, enerqy usage
for different rrigation desiyns 1s deternined. Tnis exhidit suimarizes tne
important aspects of energy analysis v thin a procedure ti2t is useful for

energy and aaricultural orojact planning.
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FIGURE A-1

MAJOR ENERGY INPUTS TO IRRIGATION

WAATER RESOURCE DEVELOPMENT

9 Conservation
o Surface Water
8 Ground Water

AATER MOTIVE ENERGY

o Pumping and/or
Lifting Energy

ENERGY RESQURCE
o Human
e Animal
¢ Fossil
o Wind/Solar

DISTRIBUTION SYSTEM

e Surface
¢ Sprinkler
o Trickle
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required by a pump, engine, our mutor. It is alsc that enerqy input from human

and animal enerqy resources when they are used to pump or carry water.
“faintenance and other related enerqy inouts may be considered either

indirect or direct enerqy. These are assumed to be insignificant for the

purposes of this study,

WATER RESOURCE DEVELOPMENT

Water Resource Develupment represents the first stage of total enerqy

analysis for irriqation,

There are three principle methods of water resource development in

Africa; Conservation, Surface Water Development, and Groundwater Develupment,

8 Conservation, while not usually considered irrigation, is a form of
water resource development which is most applicable tou underdeveloped
farming areas.

o Surface Water Develupment refers to large scale dams and reservoirs,
lakes, diversionary projects, and the surface transport systems
(channels, piping, etc.) used to provide water to the farming area.

e Groundwater Develooment counsists of boreholes, tube wells, shallow and
deep wells and all the equipment that 1s counsidered to be nart of the
well,

Conservation 1s the water that 1S captured through relatively low scale

disoersed develooment effurts., Several examples of water or moisture conser-
vatiun practices ar2 contained in Table A-1. Eacn method may require

considerabls indirect eneraqy inputs in the form of human, animal, or

mechanized puwer.
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Alternite Yethod for DJetermining Indirect Eneray {usts

Matncduluaies for determining indirect 2nercy costs drifar hatiuse of the

assumotions that are required. Ddetermination of indirect custs Dissd on
econumics ornject and manufacturing costs are difficult because of tne time
value of money. As indirect energy may be significant to an analysis, effort
shoula be expended to calculate accurate values, An alternate method for
estimating indirect energy is to determine enerqy input as a function of tne
weight of material,

The following table orovides indirect fixed enerqy valies for common
materials on a megajoule (MJ) per unit kilogram ba3is. OCne meqajoule is equil
to 238.3 kcal of energy.

Table A-2
[NDIRECT ENERGY/XG

Product Annual Fixed Eneray
(Md/kq-year)

Steel 2.4

Aluminum 9.8

grass 14,0

pPyC 3.0
Pulyethylene 16.0

Asbastus Cement 4

Concrete (ditches) .2

Excavation % Fill .25 x 10
Ditching 4 Trenching 375 MJ/m-year

75 Md/m-year (20 year iife)
1.5 MJ/m-year (10 year Vife)

Pumps (electric) 6.8
Pumps (diasel) 4.5

Source: Pimentel, David, Handbook of Ineray Utilization ir Agqriculture,

Based on these data, indirect energy cost ner pound ur meter, as in the

case of earthwork, can be estimated. Then a project under review can be
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separate manner, enerqy resources can be compared for substitutability. For
now, it is important to understand the factors which gqo into determining
pumping/lifting enerqgy.

The depth or location of the resource refers to the elevation difference
between source and end use pouint, Water depths are dependent un the hydrology
of the site. Since they are very site-specific, baseline data would be
required before any analysis could be performed to determine the actual pump-
ing/1ifting energy required for irrigating. Because of the energy intensity
of the activity, groundwater pumping for irrigation, from depths greater than
30 meters, is generally not practiced in Africa. In addition, it is important
to note that because of the great amounts of energy that are required tou raise
water, surface water resources are much preferred over groundwater sources.

In a similar way to groundwater depth, the amount of irrigation water
that 1s required by the plant is dependent on parameters outside the scope of
this analysis. Irrigation water requirements are established by examining the
plant needs, expected natural rainfall, the soil characteristics, and other
specific agricultural factors., For purposes of this analysis, irrigation
water requirements will refer to the amount of water required at the plant's
roots.

The next most important factor in determining pumping/lifting energy is
the pressure which must be provided to distribute the water, This is a func-
tion of the design of the distribution system, Distribution system designs
and pressure requirements are discussed and provided at the third stage of
analysis., Irrigation system pressure and application efficiency are the two
most important distribution system factors needed tu assess the pumping energy

requirement of an irrigation system,
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contain~ a Visting of irrigation pumps found in developing couuntries. Kanges
for pump efficiencies have heen presented.
Table A-4

PUMP/MOTOR EFFICIENCIES

Eneray Source Pump or Equipment Efficiency/Nutes
Man Hue and Shouvel * (To divert
surface water)
Beam and Bucket *
The Indian "Dall" *
Archemedean Screw 60%
Chain Pump *
Bucket Pump 40-50%
Reciprocating Pump 40-50%
New #6 Hand Pump 60% (Bangladesh)
Semi-Rotary Pump 50-60%
Animal rersian YWheel 50-60%
Indian "Mot" 50-60%
Water “Wheel 50-60%
Motor/Diesel Centrifugal 55% Low Head  20m
Solar/Wind Axial 50-60% Low Head
(depending Positive Displacement 50% High Head 20m
on system Jack Pump
desiqn) Progressing Cavity 60-70%

* Field or manufacturer estimates not available.

DISTRIBUTION SYSTEM
The distribution system represents the third element of energy analysis
for irrigation, [t refers tou the field water conveyance system which takes
water from the pump, 1n the case of a pressurized or groundwater irrigation
system, our from the surface water resuurce diractly, and aoplies it to the
crup. The efficiency with which 1t delivars the water tou the cron and the

ores

w

ures that may he required impact sigmificantly un the amount of direct

aumpIng enerqy required.
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Therefure, 50 psi is 2qual tu 116 fe2t of groundwatar 1ift enerqgy,
catculations demonstratz that ths prassura requirermsznt for 21224 I3sirybution
systems 1s energy costly. There are otner factors such as cocerahility,
reliability, and control asnects which may serve to halance the negative
energy aspects of highly pressurized distribution systems,

Table A-6 provides approximate values of th2 oresssure r2quired by certain

common field irrigation systems.

Table A-6
[RRIGATION SYSTEM PRESSURES

Equivalent Head

System Psi (Ft. of dater)
Surface, Unimoroved 0 )
Surface, w/gated oipe 8-10 20
Sprinklier - Low Pressure 15-30 30-70

Medium Pressure 30-75 7.-170
Orip or Trickle 30-60 70-140

In addition to the design aspects which imoact the direct enerqy needed
for pumping, there are indirect energy requirements for distribution systems
that should be 1ncluded 1n total enerqy inout fiqures. Indiract eneray is
from material, construction, and installation 2narqy costs. Thase refsr
mainly to piping, sprinklers, nozzles, iand eacthen furrows. The ingirect
custs for field distribution relate to the fie'd irrigation system itsz21f and,
except for field esarthen irrigation furrows, th2y should not be confused with

1
i
t

the indirect energy requirad for surface water develooment on th2 large scale,
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denth of [rriqation (N) = 5m

Area [rrination (A) = 10,000 m?
Head (water denth) = 2m
[rrination £fficiency (E1) = .5
Pumping E£fficiency (Ep) = .6

1009 kq/m3
Conversion Factur (X) = ~eeeemmeaaooaas
426.9 kg.mn/kecal
1000 kq/n3 710,000 m2{ .5m)(2m
Pumping Energy 5 -----ceecacaaaao K| mmmmmmmmmm e = 78,082 kcal
426.9 kq.m/kcal | (.5) (.6)

As one can see, any factour in the equation can affect the required emount
of pumping eneray. The choice of oump or irrigation distribution svstem can
have a marked effect un the pumping enerqy requirement. Equipment desinn is
often dictatad by the water resgurce lucation or the enerqy source itself,
This simole calculation nrovides an illustration of the kind of analysis that
can be made tu determine oumnina 2nerqy requirements as a function of system
cumpunent design and water and enerqy resource,

Tnis enerqgy calculation is needed to provide an indication of the amount
of eneray denanded frum different puwer inguts. The power input can be human,
ammal, fussil fuel (e.aq., diesel or nasuline), elsctric, wind, solar, or aven
hiomass. The irrigation requirements and location of the water resource are
najour determinants tou what enerqy sovurce is aoplied. A brief analvsis of the

di1fferent enerqy sources available in Africa will aid in assessina the substi-

tutabrlity of one resource for another,

Enerqy Sources
Lach nower spurce has 1ts own ef ficiency fur conversion of aneray from

une enerqy form to another, The use of a nunversion efficiency in the 3ame

—
=2
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Table A-8
ENERGY CONYERSION EFFICIENCIES FOR YARINUS TECHMNOLIGIES

Convarsion

Mutive Pouwer Efficrency Notes
Yuman (food/mechanical enerqy) 20% By task, not including
maintanance 2nerqgy
14% By day*
Animal (food/mechanical energy) 10% By day**

Motors (electrical/electrical)
3rushless 9C h7-72% Qotimum Efficiency for
units rated under.7 Xw

Standard OC 75-82%
AC Mutour 30-35% Generally for units
rated under ,7 Xw

fngines (thermal/mechanical)

Diesel 25% Manufacturer claimed

Diesel 10-15% Field estimates*x*

Gesoline 20-30% Manufacturer claimed

Larusene 3-5%

Other Fuel, Biomass 5%

Sotar (sunlight/electricity) 8-10% Electric to oumo by
sinall DC conversiun

“ind (wind/mechanical) 9% Pump & Wind Turbine

Cumbined

* (70 kcal/hr outout x B hours)/(4000 kcal/day input) = 14%
** (375 xcal/hr output x 3 hours)/ (30,000 kcal/day) = 10%
*** Halcrow, W. and Partners, Small Scale Solar Powered Punping Systams: The

Technolnay, Its Econumics and Advancement, Ine Worid 3ank, London, June
1933, >Section 3.1.2.

NOTE: Efficiencies for motors, diesel engines, solar, and wind technoulogies
are from Halcrow, Y. 3nd Partners., Human and animal values azre
calculated as nouted,

( })%
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Sular electric enerqy, for convertina suniight to electricity for pump-
ing, 15 almoust entireiy indirect cdnital costs.  These can be converted to
annualtizea 1ife cycle values fur comoarisons with conventional fusls, In a
s1m lar manner, the canital eneray Invested in wind power equinment can be
dealt with on a life cvcle hasis. Comoarisons on a ife cvcle bhasis can be
nerformed 1n 2conomic terms., At the present staqge of anplication of these two
technulogies, economical comparisons with other fuels are most often apnlied.
To make accurate and reliable estimates, however, information on system life
and maintenance requirements must be obtained. Information such as this is
net readily availlable from independent sources.

Fiqure A-2 makes an attempt at such comparisons. In economic avaluations
of energy, the time value of energy resources must also be considered. Also,
energy subsidies of different fuels or other resources mey be very difficult
tu 1sulate so that fair enerqy comparisons can be perfurmed, Still, the graph
does show evide.Ce that energy resources may be substitutable at small enerqy
requirement levels,

There ares other facturs tu be considered when evaluating solar or wind
tecnnoloaies. For solar electric, the phyvsical size of an array may result in
lost farming area, Wind enerqgy resources must be considered for their relia-
bility and availability., These factors are technology and location specific

and subsenuently cannot be dealt with in adequate detail in this exhibit,

Total Direct and [ndirect Eneray - Three Examnles

The thres staqes of analysis orovides a formet for estinating the total
Indirect and Mrect enerqy inputs for irriaation, These are made up of
Qesgurae Pevelunm2nt Snergy, oroamary by yndirect enargy; Water lotive Eneray or

calculatiuns tu determine pumping eneray; 2nd Dstribution Energy, both direct
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Figure A-2
EFFECT OF REDUCED PY SOLAR PUMPING SYSTEM CAPITAL COSTS
IN COMPARISON WITH ALTERNATIVES AS A FUNCTION OF STATIC LIFT
(Baseline Irrigation Scenario--No Storage)

/_Human Animal

]

Solar Piped Distribution System:
Present Cost
Wind

Diesel high

Solar Channel Distribution System: )
Target Cost V

solar Channel Distribution System:

. Potential Cost
Diesel low

Hote:
1. Solar channel present more
expensive then solar piped
present and not shown.

2. Solar piped target and potential
more expensive than channel and

*This figure is the product of an in-depth evaluation of solar

[Sa]

10 . 1% 20 not shown.

Static Lift (m)

pumping for irrigation performed by
Sir William Halcrow and Partners entitled Small Scale Solar Powered Pumping Systems: The Technology,
lts Economics and Advancement, Main Report

ts Econom cement, | ort with 1106, The Horld Bank, London, June 1943, The study
compared both a best and worst case diesc] pumping unit (high and low efficiency, respectively) to
solar, wind, animal, and human pumping technologies.  Solar pumping was considered at a present cost
Far ted cost, and potential cost Tevel Tor two distribulion syslems,
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and indirect. Lastly, a senarate, but technically related, analvsis of the
apolied Enerqy Resource will nermit a total enerqy analvsis, soecific fur the
enerqy resource, to be performed for a4 variety of irrigition systems, The
following exampie of 1rrigation eneray analvsis for three levels of farming
development demunstrates the formet and the relative impacts of indirect and

direct energy oun irrigation,

Example One: Subsistence

[rrigation practices are limited tu labor intensive muisture conservation
practices (water management) or in certain areas, small scale rainfall diver-
siun work through the construction of furrows. A total enerqgy innut analysis
must concentrate on the labor enerqy inputs from human, animal, or mechanized
oower. Data have heen provided on human and anim2l eneray expenditure to snow
a method of estimating this enerqy inout. The amount of water that is
actually collected and the amount of enerqy that is 2xpended are related to
the size of the effort and the envirunment of the site. Unfortunately, very
little date are available on this matter. For an in-depth enerqy analysis of
subsistence level irrigation practices, data must be acquired on the work per-
furmed, the amouunt of water caotured, and finally, the increase in oroducti-
vity associated with the irrigation practice.

For exampnle, a farmer may construct furrows to divert water from a catch-
ment land area. [f he cxpends an z2mount of enerqy equal tou that of nlowing a
field, ne will invest an estimated 140,000 xcal/na/yr. [f that diversion
effort suppiies an additional 290 mm of rain to his two hectare fi2ld, ho will
marxably incregse nis vield, The increass in vield can ne estimaterd, but the
arlount of delivered weter must ne Adetermined an a soecific nroiect hasis,

Generelly, apolving numan and 1nimal eneray to nerform conserval ton work pro-
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agricultural project planner witnh infurmation about the substitutanbility of
energy rasources. Summing these factors yields values oun the totai enerqy
inputs for any specific irrigation groject or orugram.

The basic conclusions of this illustrative analysis are that indirect and
direct enerqy costs for irrigation systems can be appiied in a method that 18
useful for 1rrigation enerqgy ;na\ysis. In addition, the orimary energy
comoonents for irrigation can be usad to show the imoact of various irrigation
design decisions on total energy usage. This nhas heen briefly shown in the
axamples.

In general, the amount of energy that is reguired for irrigation is first
dependent on the scale of develgoment of the farm irrigation system and
secondly on the location of the water resource. Table A-12 provides a
comparison of the energy required for irrigation among different projects for
the three major levels of agricultural develooment.

Table A-12

COMPARISON OF TRADITINNAL, TRANSITIONAL AND CLOMMERCIAL IRRIGATION PROJECTS*

Amounrt of Energy

Irrigation Irrigation/  Enerqgy Use/ha
Project Activity ha/yr Source (kcal)
Traditional Construction of run-off 200 mm Human 140,000
- Jater manage- and irrigation furrcss

ment Dy run-

of f diversion
Transitional Construction of well and 500 mm Animal 1,746,000

- Snailow ground- distribution systems, Diesel 946,000

water oumping well 2nd pump equipment,

to 23rthen Jumping enerqgy.,

furrow distri-

bution

(2 meters deptn)

* FEstimated from Table A-11
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Exhihit R

PROPOSED *0DULES FOR ADNITIONAL USES

Just as a desiyn goal of sume architects is that form should follow func-
tion, so it is a researcher's qoal tnat methodology should follow user's deci-
sion functions. Therefore, the approach to be taken in defining the relatiouns
between agriculture and enerqy should follow the course of answering questions
which arise as a potential user carries out a given ohjective. Fiqure B-1
anticinates functions and audiences for the work presented here. The

discussion of varied objectives is provided in the following five modules.

3asic Enerqy Accounting: Module #1

One group, orofessional energy analysts, seek the most comprehensive data
and analysis possible with the objective of constructing archives of use for
the broadest group of users. Their work results in a form of energy budgeting
which serves a host of functions. The collection and completion of a data
pase 15 almost an end in itself for the ends are so diverse that a broad and
comprehensive data set is constructed with little or no specialization of
function,

This aoproach is rather common because, in a relatively new field, the
management objectives are often 111 defined. Thus, both direct enerqy con-
sumed, such as diesel fuel, and indirect enerqy, such as that associated with
the oroductiun of & fertilizer, are completely included in the accounting.
Furthermore, the toundaries surrounding tne system under investigation may be
quite broad, including the fuel cunsumec in the thin that was used tou imoort

the fertiiyzer.
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