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Thus, the energy component of agriculture needs to be treated with an
 

understanding that leads to an increased application of enerqy, but with con­

cern for sources, types, and conversion devices best suited to the economic,
 

social, and natural circumstances of the country involved. 

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 energy
 

supply programs not only requires agricultural experience, but also increased
 

sophistication on the part of enerqy program designers and managers.
 

This report is a small and early step toward better understanding of the 

relationship between energy and aariculture; toward identifying the most
 

significant targets for intervention through enerqy accountinq; and, there­

fore, toward defining the process of enerqy orogram oarticination in agricul­

ure. 

For the purposes of defining the must approoriate direction fur this
 

early step, an accounting tool has been built. The tool was fashioned from
 

basic energy anaysis in the aqrcultur~l literature and methods nreviously 

employed by the contractor for 0OE. A numher of measures were used to reduce
 

the cost and effort associated with the methodoloqy of enerqy accounting and
 

to bring it in line with the use to which it ultimately will be aoplied. The 

method is hased on accountinq for energy use. It does not orovide a causal 

input-outout model. The closest analonue to the aoricultural accountinq
 

system is the industrial energy 3,dit. .hile economic ana'lysis oruvides 

evaluative criteria, the auricultir3l account inq provides the means by which 

tarqets are iderntified for such e4i.ai on. *.hith tine, th e tool will hecome 

more sonhisticated and the data .asc will nuild to set eDnectatiuns of desired 

eff Iciency level,. 

"Al able4*l'' 
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* That the energy dccount ig1 use (IVto t race energy rioas i s neede~d to 
augment lecuf uni c analysis. i f thnemost aDpropriate~ fornO nrqlS4

defined u s ini todether 
Justa sthe-'energy audi t' is uised todefin cuservat ion. oooort uni 

is
ties i n industry and the, finalI decision u u3i based ofl econlomic 
analysis, so the energy analysis herein is useful to help the eneroY 
analyst ;neasure the:potential for applying enerqy. In develoed coun­
try agr'iculture, the issue is usually to conserve enerqy and use less 
while' increasing output., In developing country 3griculture, the issueis touse 	more'energy' to increase output, butthi 

targets are the same. Therefore, th next, steps u include the 
application of the method in this report'to additional circumstances 

iththe goal in mind to develoo an aqrlicultural and energy strateq.i 
to. ake advantage of the opoortunity for increased yield. 

The fol lowing recommendat ions -are, therefore, made: 

'­1. A 'joint venture', team of aqricultural and enerqy exerts be formed 
and sent t.o the field to apply the approach to a'realistic case. ''"<" 

2. A search throuqh the 'technoloqical inventory' at USAID's disaosal be 
< . .conducted to brinqthe. most. applicable technology to bear on the casde 

'exami 	ned. The range of choice may include pumping or plowing, solar . 
or. animal pow.0er sources, or any of the rany choices that. the past R&D 
work has i-dentified, This information should be modified in such a­
manner 'as to be availahle to the 'joint vetie,' team. Gaps in kno.w­
ledge shuuld also be identified as targets for future R&OD. 

r" 3. 	 Since the results of analysis will frenuentlv call on the need for an 
agricultural strategy that uses more-energy, then the analysis should 
move from the level, of the far:n to the national imolications. The 
energy suooly requirements of the hoped-for opoortunities wilIIrequire 
special efforts to make them available t.o different categories of 
farms. In some cases, the opportunity will call for imoroved strains 
of draf t. animha ,swithanimal husbandry infras t ruct ure, while in 
others, the issue witl involve fossil fuels with distribution infra­

..	 structure. Enerqy accounting can be done to helo the anriculturist, 
economist, and the enerqy orofessional to determine the most suitable 
course. . 

V]
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Figure 1 

THE ENERGY/AGRICULTURE INIERFACE 
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Figure 2 

CORN PRODUCTION INCREASE WITH FERTILIZER USE* 
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* 	 raken from Handbook' of Energy litil ization in Agriculture, Edited by 

David Pimentel. CRC Press, inc., 1980. p. 5. 
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I order. to prepare a suminary' of th'ese iullpOrt dnt parafnet ersa ,adt eq or 

zat ion African .ffarms has been produced Fiqure 3 Afr can ,Farms il us­
ifI 

trates a simpleoset of 10 cateqoritus based unon farm size, typical oiierslnp' 

basic ene'rqy form, fert ilizer use, and maize yield. This set of Dararneters 

will be"ised to establish the ernergy inputs for (yoiciil African farms within 

.radi . onal, transitional and modern modes.
 

Traditic3nal farmning in Africa includes 6Ioth 
shiftinq (non-cont.inuous and 

continuous cultivation and fits: into cateqories 1'hrouqh 3. Transitional 

farminoi incIudes different ownershic natterns with more'use of drauqht animals 

and an introduction of tractors. This is'illustrated in categories 4 throuqh
 

7. Modern or commerc ia I aQricult ore is based uOon larqer farms with a hiqher 

level of mechanization including fertilizer, pesticide/herbicide use and 

resultinq hiqher maize yields. Followiinq Fiqure 3, cat.eories 8 through 10 

A ! show relevant African examples of modern aqriculture. 

A-The 
 flow diagram in Fiqure. and the classification of African farms in . 

Figure 3 derived from the flow diaqram, in combination, form the basis of the 

enerqy assessment format. This for:at is presented in ChaIter Thr ee.The 

next chapter on data, collect ion i ltst-ates the tynes of informalion needed 
f 
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Thi ha't-er overs: tie ed fOr olec in0i -data infocusses. at et'iu 

evaluator . mjur Darameter s for,-ident if ical ion .of: both .direct oica-g 
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well_.as electricity,"n 
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Thesf ve innutt.s w h Ifi in ir c en riies', Ihe"i"r, di"rec": en l fo 

ur ct v e (in eit 4 

utilizarqionead t h c ane iorart rofessinq c thavt ies saed fin ttm- eiloha 
seeds) r therIit to rs. Fu (haqridn .f fucoluirqnrm feerqy dowferthse 

"The Enerayare usedtuoehItherfac&', eachecfnthecinpts aar s eohiytet ForThe enr foie nt ahe t i e rheut eio hre ti 4 c heeith 

seeds Taveraqe Z f2r Per onne. Aonr hiina te ry i e a,25 k ofseed ae needed fora 


hectare. Ohviously, a site-specif ic study for each t.oe of seed is nec sary

for an accurate propaqation enerqy value. Tynical'develoninq country enerq-y.,
 
v ialues for maize .seed can ne used as estimates. Values wi l he excwessed i n
 

-

4cal/kq 
 of seed. ..
 

4, The enerqy for fertilizer prcr todosohciicS, t f -.ictyp UD 1 of 
fertilizer and its required enerqy for extraction, manufacture, transport, : 44 

inis based don the 

4 

-. 'etc. Aqain, there are qeneral US values for nit -oQen, ohosphate, and notash ,*, 4444 

which can he applied to African use since the ' are soecific for the narticu­
lar fert ilizer and 'fert iIizer oroduCt ion, practices are dupl icated in most . . 4.-, 

cases. Values will he expressed in kcalIkh of fertilizer content. - 4 

S "The eneqy si tuatIon for pesticides and herbicides is simi lar to that of .
 
the fert i l izers v.hat-'evlsoreu ire hvdrocarhon feedstocks and heat
in .o
.:: i}...,-. Y. va rioJ S :.:IanufJ act ijri no nrocess es,, .4na'in , ther~e and!ec t rlic I t n: the ir are: US-! .#
 

dat a which are relevant for the.maior pest icides used in Africa and they %-/ill

be express, d in <cal/ka of chemnical content. 
 4,
 

Tools, irimnle,ne(rits, and machinerw are comoOsed of woud and metal which .. 4/ 

aso renu ire enery for manu faciUr inq When the snecific item is imnorted, US 
or other develooed Country values can he used. when the item is locally nr.­
duced,.OroUcQI estinates of' enerqv based unon the specific materials in the
 
*imolemnit w.ill te reuirC..d All values Will be in kcal/kn of snecific
 
hiaterial. 4 
 .
 . . , 

- ' ' :i..The eneriy relUIJed to nriovi0, water, for, an aqricultural oroject can he , "
 
~the larnest sinoleeieq rqientwhen considered over the life of. tl%) e
 
roject ,-In order' to orovide '.iformation on this enerqv use and also to
the use of the formit, a senarate sect lon has been orepared.


Exhibit A, "Enerqly ton '1ri'iati~n, flluistrates the t-nerqv associated with
 
4' .waiter SLntpl.Y a1ru1d(eFonm'Tent , oater motive n'ower, and water distrnihut ion in444 

ordert tIabulrIat e tot alI neri', rer'uiremnents of 4in i rriqat lin vSS(err 

The~ ttierciv assuciated ,it onea will he iii theIh t hr. on-site frarii at iohns 
form.of humasii abor, an i m'ii fhor, anid wa hi nr use. %othIiwuan ii nd an ma 

S4~l aho4r .wi1 he n6.asnred In hrjurs.renwu rq to, accoin li sh th snec ific operat i on44 
4 >, a~,h~ rnv- t o kca I .fErhertir(- . iis wllI t iorwh ine w~ -in thr,r It4- . 4. _4 , . .. 

4.444 N O or4< lu'dt o inld imi l.arlv convet --t o kjtc al n ,rt i'r(1) 
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i nd irecIenerqy i )ze'1 

the five inputs, the direct fuO 61)d elect) icity Uisedc at the site, arid thle 

transport dnd oroces sjnn enerq v for 30y soecific aqriciiIt wralI orujiect oerilmi t 

the accumplIi sheri trof a prelIir inary er,.-rqy evalu!ation for t he proj ect . 0nic, 

..... this orel iminary~ evaluat ion has been made, dependling upon the nat ure of the 

Thus, the comhinat lull of direct and tit in providirna 

. 

pr-oject and the purposes to be served by the evaluation, there are several 

optional act ivit.ies which can provide various sets of conclusions. 

. Tahulat ini the data in several versions facilitates decisions on issues 

such as the fol lowina : the largest uses of energy within a orojiect by type orA, : ' ; '? :',: : . : - ( ',;,' - - ! .' * 'q '' ': ,.Z ' ' , - ;, !>.'' : ." - -' ;' - ~ Y , T ., .''q- % i 

& ~ ./ . ., , L:4 9. , . < ;:? : - ; .,. -/ -s , :7 . , , '',i ', -'S L ' ' " ? " " - " ;. ." ; !; ­source, aIteTrnat ive sources. an frs'f enemnY which may be subst itttable, . 

• 

, :7 , . ' ,% 5 . L;, .. /: :. , ,. > G ;7. 4?e : i , . • ,, : :> , - ¢ . ,.Z , ,-L! _ , ,iI ! .%-'. ., > , :..<.. •' . . • >, -; ' ' • • ; , • <. :, . ' ' :.-_ :.c-.;,' / '.9'

oooort uni t ies for mnanoowier/animalIpower/mac'ine power subst ituLt ions , re lat ion­
'K :.-",,UF:L :>* ,-"7:.;r °% ' . "h 7:,; ;-'- 7. . " : ' " ' : .\? U ? - L .. . . . ,i.. ...-44. . .... . 4 

'-: i; ,U /~ , '- , " :i ' -9 .. .. 7 : '; • .4j 4 
,ships betweenl energy use and acricul turalI Dr ruuct ivity, and relat ionshins on a 

nationalI bas is betw%-een enerqv use anid fore iqn exchange bal1ances. Asthe for­

mat evolves from i ts ipresent prel imi nary concept to one designed for a larger 

dat a base and more funct ions, cornouteri zat ion will assist in moure extensive 

-9-;. . agricultural energy evaluati.ons to serve a greater number of users. 
: 
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ion. The basic orina t develooed in this chaoter can serve as an 

aPcroach to understanding .oth the t yoe of enrny used in a or ct .... thee:nd 

.. ' fur,.t ion served by the use of 'energy In this the format Will 3Szist' 1 

., . .... aue ting enerqy's role in a oroject as weli as evaluat inq and selectinq the 

most appropriate alternative forms and sources of enerqy whichnmay be avail-, 

able in any given aqricultural situation. 

Any specific project which has an associated use of energy in either the 

direct form, such as human/animal/machine labor, or an indirect form, such as 

a fertilizer or irrigation system, can be reviewed to determine such energy" 

functions as the largest energy uses, opourtunities for substituth'on of man/ 

animal/machine oower, opoortunities for substitution of energy sources and 

forms, the relationship between energy use and productivity, and the relation­

ship between energy use and specific national priorities. This basic format 

is desiqned to identify the uses of energy in a soecific ,roiect and, thus, 

facilitate the making of energy-related decisions. 

Use of Format 

The format developed here consists of a series of six steos desiqned for 

use in examining maize production.. As a preliminary approach to defininq the 

major energy using inputs and ooerations in an agricultural project, it must 

be recognizedas a guideline. It is anticioated that a manu3l will be 

developed based upon these steps with the addition of data for new croo 

species, locations, and agricultural oractices. 

The format was developed for agricultural project officers ,ith the 

resoonsibility of desiqning and evaluating agricultural orojects. In those 

circumstances in which the format indicates' that national energy plans could 

be 'implcated due to high use of electricity or fuel a national energy 

planner could easil)y participate. 
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it should be noted that the format is not intended to be an energy imoact 

red for aII r cts. It is ,intended to ident yan-ivsis requ-, 


enerc 'hich ioortan cne d s n and "s jfo 5 

acr cul'ura orojects, netner they are selecte. F-r Dartcular issues or :for 

uln. ter cumprehension of enercv factors. 

The 8sc forma s oresented as a series Gf seos. 3eore the'i can be 

utI izd, nowever,. the tyCe of oroject ar,i its obtectives must be understoud. 

Dues the ,rject increasin, tyiei sstaied ass'icul-

uses are t eva uat ete 

stress oroductivity? Is i 

r itt)qaI?ae Is irric tion included or is it a low onut system? These 

quest ion s and uthers as aorooriate, should be answered 0efore the ener cy 

eaI u a ti n is strted n order zo nderstand the ourmose(s) for usnO. ener'c: 

in he oroject. 

s unicue with s-cifc o- CLma­c"a- ricuitural situation its own set 

tic and soil conctions and is own set of institutional Dolicies and 

c,nstrain . These factors are uali',known and understooa by arictural 

The. ener v eva uation format only identifies enerqy by forms andsexerts. 


sources that are utiiized in a oroject, The format serves only to identify
 

uses o enercy and snow ootential ai ternatves among sources and forms r t.."" 

neec--s of enerigy e.xoert s., v reccriizing the sources and.- tyces of enercv tqwh ichI 

are. iuc in the oroject over Its lifetime, i t s oossibIe to draw con cu-

V. . jns, about uantitiessf fue I manoower estimates, quan ities o-, residue,s 

t minc of re uLrements, etc. tnat will)asst in either desinin' abeter 

projector in redesiqni.nq an inef7ective orojec. . 

ouroose 
.nce t- aqrltural-oroi: is well-define, and tne or ojrooses 

te e e .o ,t Uito ..... .... aiCinta.ror .r .alu u~ . CCS .. . . ~ ~ctebsceau~j
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St eoI 

ESTABLISH PROJECT BOUNDARIES 

* This. basic format is desiqned as an approach to energ~y evaluat ion of Many 

types of agricultural projects. It is assumed that projectis cont3ining energy 

use wi IH include examples from the following areas: Aqricultural Economics 

* and Sector Planning, Crop Production and Protection, Soil and Water Manage­

ment., Agribusiness, and Appropriate Technology Evaluations. Most project 

assessments will involve all of the steps, and depending upon content, may be 

iterative. Other, less complex, projects may be evaluated with only a few 

steps., 

The energy using agricultural aspects of the overall project must be 

defined first. Then their boundaries can be established. The location should 

be set and soil and climatic conditions identified. Items such as the follow­

ing should be included: tyoe and texture of soil, yearly rainfall oatt.ern, 

frost.-free periods, temperature, altitude, etc. 

Next, the agricultural situation should be described. This includes the 

croos and size and type of farm as described in Figure 2, and the types of 

'4 : inputs and operations used as identified in Figure 1. Specific data on 

quant ities per hectare for inouts and either man-hours or animal-hours for 

operations will be required. All tools, implements, and machines must be 

identified. All fuel and e.,ectricity use should be identified and associated 

with the particular operation and quantified by number of hectares. It is 

useful to preoare tables for data collection, followinq the use of inputs and 

operations This first step Should establish an outline of the orojeCt . 
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T ,, s second should :oroduc ... a bl r sat of tab) es descr~l bi n thest,.o o.. 

ener qy ri~ oe. -co ns um nq i O t:<s, ooer'at ionls, and ]ou tputs. FO Iow i nq: t.he f Iow: i :aq r am ; 

oFiue1"TeE rqy/Aq iCcu tur er F,ac e 11inutsortosad 

outout s should be F ' oroject s oPeciJc Iow diaOram wi IIassis iisted 

identiFi nq all relevant enerqy-consuminq elements such as the fol 

Farm Inoucs Seeds, Fertilizers, PesLicides and Herbicides, Tols/,imoieme
 

ii.. Iach i~nery , and A4a e r
 

Each input Direct energy For transoort
 

- . SSeed . !nd i rect eanerrgy assoc iated .,iithoroduc t i on orocessi nq, a d 
distribution. 

Fertilizers: ndirec t enerny ssoc41ated withI raw materialI and ma nu 7acture 

Pesticides and rbicides indirect enery associated with r .aterial 
and manuacture. 

Tool s/Irniolemen:,s/'Iachinery: Ini teey associated with raw material 
and manufact-ure~ . 

Ja't er : After djeveluiping recuirements for croo tyc and locati'on; 
includes indirect eneroy associated 4,tn components related to ,water 
suoolo/deveorment', water motive Power, distribution svstern id direct 
energy associated,..ith 3bove activities. 

Frm Ooerations: Clearing, Land Preoaration, Plowing, Planting, Cult ivatiun 

and Fertilization, Harvest inc. 

Ea3ch ooeratiorl: ;ssociated 1,bor,dat-iDret~nrv it humanr 
animal. aC,,! m;ichine 13cr~r 

uc S S5arm PrUout d d1u s 

Ind,,'ret neq so c i a 3tlndZach outout: n asiot wi "n oroducr S res ''duesat1i 
di r m ct en'rq " needeld ior trans:ort a.e.... .. a.n.d oroce .inc .r .r:f.: 

Stl Ion . 



Once identified, tabl e s shou 1d 'be orep rcid is t inq i nput s arid out put s by 

kg/hectare These can be converted Jo kcal/hectare by the use of conversions 

such as in Table'1I "Energy Values for Aq ricu Itura II nput s" Where dat a knownh 

to be relevant are unavailable, refeerit.o similar use of inpOt.s arid operations 

in other,,projects. Always give preference t.o developinq country data when e 

possible. Refer to the data presentation in Zimbabwe Case Study as an example 

of the process. 

Next, list all operations and identify the hours of human labor, animal 

power-,.and 'machine power associated with their use and then convert to kcal/ 

hectare. A discussion of. human labor apoears in Exhibit C, "Human Enerqy Used 

in Agrqculture", and relevant conversion values are presented there. A 
 5) 
typical value is 515 kcal/hour or 4120 kcal/day.* Animal oower,** simi larly," 

is first measured in hours and then converted to-kcal/hectare. .Conversion 

unit.'s vary dependinq upon type of animal, weight, nature of operation, 'etc. A 

typical valuefrfor oxen is 2500 kcal/hour.* Standard values for, the enerqy . 

content of common machine fuels are readily available; 10,109 kca I/liter of
 

gasoline is a typical. value.* Fuels prepared from biomass must be evaluated 

specifically in order t.o determine their heat content for use in this type of
 

assessment. ' 

S * :Pimentel 0. and M. Food, Enerqy, and Society, o. 63. 

For additional information on animal Dower conversions, see GOE, M.R., 

..... ', "Current. Sta t us of. Research on Animal Traction" in World ,Anir ala Review . 

. 

', 

'_
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-GY( VALUES 

T a Ie Ix 

F10 . AGR IC!-LT!JL VIi 

Stee!1 
ractor 

Combine 

15.,00 cal/kq 
, 11,314 kca Ik Enhodied 
.12,013 fIcal/ka (Embodied 

ne e y 
enerqy) . 

I;i tro en Fert i ii zers " 

Anhyarous L;munia 11-,700 kca / k 
Urea: 13,500 kcal/kq .. 
Ammoniun lit rate: 13,900Lcailkq 

. 

I 

Phosonace and Potuash Fert.ilizers 

Phoshate .oc.<: 4o kca /kg of ?205 
1ormalIuoer D,0-20-0): 600 k20/5q .2o-
Triple Suoer P (0-46-0): 200 kcal/<q of ?2!5 
Iiuriate of Potash (0-0-60): 1,100 <cal/.<q of <20 

Limina 'laterials 

'''I " :I 'L" 
-ininq crushed and broken limestone: 15.,5 kcal/kn
'AanLU acturino lie DroduCt s 39 3 call ke 

' :'::'"'": ' L' Se-ed :Irudu,-tI on, Proce ssin, and Di s tri bu t ion, .L: 

::fiJ :::::iSee,'corn, hybrid: 3 , 130 kca lk (oe x iani va 
;: ~~~~ ~ 21 ,::": 3'C"6 'II" ,." 4 i ca I q . 'S; v a Iu e 

Production, etc. For Pesticides 

Seed;. . ,nuC~~, C- O vCue. 

u e 

. r.. ;,10 
Average He,#'bicide (oo,wder) : 62,770,kca/q 
Aera qe Insecticide 7(oo,1der):.4,300 kcal/kq: 

. 

Source:.('Uk Hir)w u Ene-ry tTi zat ion in cqr I ture: J 'in 

• ; ;. ; . ,.,
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Step 3
 

RESET 'YlUNDioRIES, IF AIECESSARY, R. 
0 1 'ADOIiG As.f PROCESSItirn OPTIONSTRANSPORT 

Devel oo 
fIow d iagrain ful lowinq Fiqure1, "The Enerqy/AqricuI In er­
face" or use previously developed flow diaqram to 
identify al inputs 
 Then
 

establish transport requiremen's1 for all 
inputs. Identify a t.ransport net­
-work based on
- a centra city for distribution. Calculate the enerqy use 

associated with the weiaht, distance, and mrode of 
transport for each innut.
 

A rouqh estilate of transport enerqv based upon 
a mix of rail and truck in
 

the U.S. is 0.4 kcal/kq ner k,n.* 
 . •..
 
:i_! :. ' "Estabi~isl a market site. with. roces.si nc and/or 
 storaqe renu iremen:t.S ;ifti :." 

relevant, 
for each Product. Estimate the processinq enerqy based upon the
 
weight of product 
and enerqy required for specific uoerat ions includinq those
 

associated with st.oraqe. 
 An example of a processinq enerqy for qrain dryinq

' 
 can be based upon maize. Oeoendinq upon the moisture content 
at harvesting
 

and the quantity of water removed, an estimate for the enerqy needed 
can he
 

made. A rouqh value of 
19' kcal/k(I of maize can 
be used.* Estimate enerqy
 

use for transport of 
oroduct(s) based dpon weight, dist.ance, and mode of
 

transoort.
 

''4'7-.... . ... Establish the fate of all residues. Similarly, calculate transoort 
and
 
processinq enerqy Use 
 socia'ted withbeach )ased upon weiqht distance, mode 

uof transourt and type. of oruoces sinq.act ivit .
 

Es-t imate totalI trnsoort and Proces.sin 
-enerqy use required for-inouts
 

and: ou tou t s. 
. 

4.. I e I D a . . I ' e I y n '.'-

.
" "".'".:-.; :,'.v.- ] : ......
<'_ : ., ,-i"-
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jec it." is oo's'sible toitia e s-n fc n f e t v r a ln termi basis . , 

Suc an':.....oo " ... ity ,-,ould be oart icul r), re : va l. "ur a or;oject ca in for 

irrigat ion with 'diesel fuel a;.hen. in th~e Ionq -term= the .couLntry aas olanin! a 

i";,:-:;" alter~nat i,,e. enerezy" A ,Do) icy,. 	 of electri,:icationk.. policy, for. examole,. rurl;a 


:.;: :.:.i 'enewaoDI e Drove, conioetr i i.lonq-t~erlni :_
?7i/€'7,1 .or eneray use, coulda 	 vie; Sim-iWiarly, ; + 

"u e- i"imourted ... for'""irrnir,at.ionco:uld v 


... w, I, h..t he ;dev lo Di n'q c)u ntLry s , ino o r . ba1a
 

S t ijdb sho,.tinq. O ' n en associated w
 

i:deoendency on diesel f	 pr nccmoatible 

es comoarlson i , rg ' 

S . nouts-i jor and evalate-inoutsalt2rna2ives, i or c t. C a C)r 

i! :,:' : ex amo l,e. ii L :i.. .a . ... 	 for nitroQ..en Fertilizeris.. Alter-. .:1.,. 474' . there. is high enerQv. requirement
.' .i +' 	 2'.:.•</ ' Such an oo ortuni. wol -lbe- oat" eevn b a oro-c cailin or ..... D' "i ' 

"la7ives tobe evaluated include use o ,,anure ariculua 

- irigaionwithLdisetfu~ henin he lng ermthe ounry as oannnqa 

.. .... o r h c a e o 	 ni 'hect~ar-2 -ct. maj6-or
... .e....t-her kcal 	 u l e e t 4cy s oer Se2 ;
 

. .... ... . .....- ' ... ' 	 ):,-<: , >fi#i;:{ !7 ~fT 7.f7.:i; ... .. ..ii ","-:....... . i7 	 i7!;+'< ,.< ' • . ¢ ?; .. , 7<
 ca s 	 r a itic Foro-)energy using ore r "ui'ther evaluation. det ermine o"ort
pol' 	 for ,.'.*t,(L-.,..:.•~afiterna'¢t. -=')fD<itAi m'e,%energy17!;+.m; c;:' i<t icyto' .x:•e,<.. <o:'. <'Iicy,<, = ;{7 7,+,:,,! ,+examo',..++ of rural electrification 

c.su,ituion by enerqy source or . . ....oorrn er bss 

777 ,{::'7 !>"~ '- ? : ;.J< 



0DEV ELOP 1'EASURES OF UOAPAR1SO01 

Oependinq upon the nature of thelpcroject, develooinq a orocedure for 

comparison with other similar agricultural project.s may be useful. The 

.7 .easiest comparison is usually on a yield basis after soil and cli,natic condi­

tions have been establ ished. Such comoari sons must be carefully eva liated ' , 

C'.:) for soil ferti~lity always varies and greatly affects oroductivity. As a -

start', use estimates from Figure 3, "Farm Categories," as examoles of rele­

vant data. If a yield comparison is Jesired, either of the fdllo,,ing: kcal' 

out/kcal in, or kcal out. per hour of human labor, or simply '<q oer hectare/! 

S .year will suffice. This step also offers the opportunity of comoarinq energy' 

use for a specific operation with similar operations at other sites to 

determine if'energy consumption is reasonable, or if alternatives should be 

sought. This step offers the ooportunity of comparing either the yield or a 

soecific energy consuming operation with others. Due to the larqe number of 

causal factors, those comp risois will provide empirical data that are ulti­

mately important (o establishinq correlations among input.s and out puts. 

44" "" " 'f"" ; : 



000JE COCLIjhrOIS TO SHO'.4 iMPCTS AI .'LT ,AT,"% 

tS h O t "S, esoec l o an oer ....eoo or enerV usetabu!-i;'ionsl 

animal 'oowr, anc rndchine ooter .,luate use of imported fuels, i a 

na ional oDririty 

,Ex;and assesment, of oroject/oroqram to a oeriod of one /e,,r in o-rder to. 

and .ach ire; jun.zrstand adcitional requiremen f or na,7cower, a-r,.al oo',er, 

oow er over more t ian *:roin, oeiod, .eter-mine aG1,tionl requiirementS 

vrO-,anoowe,,qc-r, anPimal oower, and macine oo 

croin 1 4 xa,1 nt Utional contrain s to ava iability.. 

necessary to ensure avail!iity of 

ovee-r Q r 0,4qI Doc . mine 

Determine c-,oortunities for a dditional uses of recuired mannower, anial 

oowi~, and. machine oower Wu T.season.. . 

Exoant assessment of croject/or-Orarn to estimated life time in order to 

tona term efFects of Inouts ind ooerations. Include totals by inou, as 

well as by nanpower, animal oower, and machine oower. Show, totals for al
 

,moor, ed fu=-)s an2 amaor eIe ctricaI ne e s;.
 

On either shr-en orloc m oasis, asz aoorooratelut
 

r is such a r aw nera I chah a n e, armc -,eh c i: e, fu 1 suu 

tutuions, tc . 

.e,.eloo set of conclusions and recolm-endat ions basen uoo n totals for 

energy use, anticioated or exis inc or, duct,,'lyt,.and avaialalternalves-. 

.t t... r- of th..c tTn,E: :)r c n u s "L .n a r v "I . 0 j) 

. . ..e . . . . . . .. . .. .. t.. . . . 

. : , ,
I ..;?,:t I : I 

2 I'{! ' ..:."'[ } ,]''],: I "''>'(} ' ?.°. r. " 
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n lhe nor t ii,lli es to care aIt ernal ives 

i/na proiect For iiianro'.Jer/an reah aiid fuelf voe Isr;ia 1/wPchan ica Ioower fur 

t~ie ddt a base irows, therc- wi 1 h icresrt i cpirtiar tish so nIu- . 

ec t ith another f rrii. s iniar locatl ion to examlne alIternat ive enern y-ues 

and correspnd innwcron yields. 

P.y ext endi no the assesment t imi nq to (a reason ablIe orojiect life, there 

will1 he added pot ent., of est imati nq enerqy use by source and tyoe over a 

lonqer oeriod of time. This will nernin-t an understandinq 'of the oroject ,s
 

lonq term enerqv,
, supply requirements which 
 .wil.be of to a national
.nt.erest 

eneny olanner. iairiculturalor 

In addition, there is the onortunitv of expandincn 'the formnat to include
 

. a seventh step whlicj-inT1it imu the enerqy renuirements by tye and source for
lies 


this soeci fic oroject, hy the number of hectares est iated to contain sim lar
 

agr'icultural sites to Produce a nat ional est imate (ifenerqy use 
for this
 

.oecific example. 
 In this way, eneroy use for tynical aqricultural situations
 

ca n be uoaraded to 
the nat ional levelI over time and, thus, verify aqricuIturaI
 

sector enerqy analyses.
 

The use of the format. at the nat ional level ooens wider .opportunit ies for 

bot h nlanninq and proqram activities. Increased develoonent of the format cer' 

i I ethod:. esiiatlnn, aaricutitual sectur enerqy use qvncroruidea for 

t ai n eneroy poli cies. Alternat ive ricinq policies wi I then relate n iven 

enerqy use .ractices i'soecif ic resul ts 
in term of, nroduct ivit and
 

associated airicultural inut requirement s. A directed effort towards 
iu-creaiinq IhJ d,?a base in the form,at il , fir.-.,m -nerstandiqqermit


,...... m r e, ,,..ii o e f i....s .iw i ... i.*I r i .... d e r s lla n 

and,.S',ec ifore n n ties.i[for 

ncr asinmenern v nsit hi a correuind i- ncreast I r t ivi t v. =i 

of4 J he us. oifenernyv inanricul tUrp o m)d, 

:i ;;{i. . : .... ....
 

,A { v¢
 
S'% g:{ :,,}"i:
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RFV IEl OF E:iEP(Y USE FOR AGR IflIT 'IhA3'FCm 

As Part of tie develomet of the -nalytical nrocedur.s, a field visit. to 
Limhabwe was made arid the results desc-ied. ',W-hile the results arc- only
tentative, they are intene.d to he illustrative of the findirgcs that could he 
develooed should a full Effort be made. 

The aqricultOral sector in Zimbabwe 
includes both communal areas
 

(15,840,000 ha; Categories 1-5 from Fi:ure 3) which account for 43 Percent of 


" 	 the total land area of the countrv, and the cuinmrcial or modern area 

(16,355,000 ha; Cat eqori es 6-10 froin Fiqure 3) occunyina 42 nercent of the 

total land area. The remainder consists of the Parks and wildlife lands 

(4,370,000 ha) at 12 Percent anid forest lands (007,000 ha) at 3 Oercent.
 

The conmunal areas orovide a sujbsistence living for '0 of
"ercentthe 

tot )lCount ry' s nooulat ion; contributinq, however, onl v20 oercent of (the 

total aqricuturural market production. The remainina 80 oecent is oroduced b,­

the commercial sector. Data concerning the level of enerqy inprut and the 

ranqe of aqricuiltural yields of communal areas wereobtained from info-mation 

provided 	by the Research Centre of the Ziml.abwe 'inistry of Aqriculture. They 

conducted a/diannostic survey (lO8l/2) of the South of Chibi District which
 

ana-lyzed the differences that exist between farmsith draft animals and farms 

relyinq only on humain labor. 

O.e-fourth of the communal areas relies only on human labor and' three­

/ relies the comnhination of labor an draft aniials. ThIese geent­puuui.h on 

aqes %,ere obtained durin tle hrief in and should he considered as est irmates 

ire'*'
 
at this time. Also, the farms classified as hay ino draft animals reoresent a' 
sma Iler niercentaae of the act ual number of farms where draft animalIs, are id, 

becus 	ter is a'cons iderah le rxch'ancl of anima Is 'for t ract ion ihei wen' 
c.i t t lrco,-,ir rind non-ca I e owners'. Frnerrl v 1inoulIs for t hu coirmu r 1 arr is 

5 



u- t ur ,ih Such.- as and isoad 'to rainr11O 

ofchmidlfe O izer:"s ihybriu se d fii e,-oest icies, iherbi'cides Ia t 

anmlimlmntad caioa ecaia power ,orovided,in atIua 

3-c, qe .from -hand tolols,_ hoes s c. (t 

'Vavrg67 frmie
 

i: 	 <iJb:.. A: genera' inpui t s exi s t s nt hose ar~eas ,-hi i re 1Y 

i):~nlon. human ilabor with :a re'g ultinqg decrease of crop product ivity. The: farinSI.-.i:: 

with draft anml€ae etrcop yiel ds belcause ofdeeemr nfr 

: i olowiq .and a. supoly ofl f'ertilizer through manure. The communal .areas wiqthout . : :', 

:: <,,: !:nechanizat ion charac ter ized lo es timat edl to ­

: i.i I.lwerv 1leve 1-of energy ih 	 V :: 

i : are b y ex tremely, {oroductiv ity, 	 '-.­

• .i :Farmns ,in Zimbabwe :fal l into-.three groups :following Fiur 3 ,."A ria 

:i: ::! 	 In Zimbabwe, }as lellsewhere in Africa, population pressure hias contributed{(ii~ 

4 : - to stabiltlzng aqnlculture into contnuous farm nd systems. Tyolcal shuftsn ', 

oracticed ~practicalliy non-existent andZambian where ooulation b loer.::. .cu-ltivation",.iscail 	 close to the bordef ,"short., fallow," isdeniids'onlyisooradi... 

' ;: :In al.l other cases., .cultivation is done. repetitively onthsaeposf
 

land.a. Therefore, Zimbabwe soil threnutrientss lwigrduetotheFigred3ycurtivationwAfring
eason o wint ruo croo 


locationst ithbyertilization in order to guarantmees
 
Fetitar thedeplet ion of 

ge 	 owerbAt levure,fmae iner nteist in te rare wich re-y
 

KIs and/or beans . h deres of crop . Th. fr ,
 

Fei sha crop-iOues odeepor 
. w thidzationa v eter b ule f e ers sior o
 

,
olwn 	daUrniei a ytood tiizersa uf manure . communalatireaswithoutuo,, fw 	 iI h ac 

are 	 yetrmh c dirtouciity eti
e hchan puchacterzed apar il 	 lte
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sector, is also used. Where fertilization isa
Ia Occasionallv in the cormiercial 

sometimes so lwthat they do not imeet subsistencenot used, crop yield s ar 

eh - }i: erl,:':' 	 e Its e 

Fru 	 r,,,~stiecn in ZImbabe iLtwa estimaz thna mia zeaoevt Dil 

r narAiiy 

93C <9-k/ha/year . The ranqe For tiose farms with only human labor is fr )m 450
 

..-to oGO kq/ha/yeAr.-,
 

The ener, .balance at this oarticul3r level of oroduction seems to be
 

relativeIy simole snce the oercentace of ,ndirec enery used in the Orouc­

t orocess )nlY that ,hmich is renuired for the manufcture 0f tools and
,ion 4s 


Fe t if used, and the Drooaqation of seeds. -Direct.human enerqv, ho,
 

a 

erti'iizers, 


noz-nc, .,enq) an .4 orocE.ssno
ever ,nvo' Ive, in c-"Oc prdurcton (seein-, 

(harvest in-, transoorit.nc, shellinc, oroundnnq) or in collateral croo 

aon ac ivit ,s bu .dino (fences, huts, ana: cran storaqe snecs , r!'3 a t"os1 

and suoplies) is relativelv'difficult to evaluate. It'denends upon variables
 

sucn s aqe, se, , chysical- cons:t it t un ou the c)ce ra3tors, eFfziciency of he
 
in terms of food, and cuantityof 
 a'wo,oerformed jan ty o ner 	 ,nn.c st,.d t 

e 	 urinc eor' actIvziesener-gy Urilizd 

,.t,,,2, t :-is level ith chemical fer­
, It is cifficult to 'ncres--_ o,.o 

- ar - s do not have alabl c as o our­
a i snce r can s' senear71tIz er s 	 3 

ci ties ca. not he:.on cer ,lycnas-e frni inpi s. Since human norI c2 : 

ncreased bet ter crroo Yi elds are 	 obt a*,nable onl1y 'nrouch a more rational usea 

cf tadit nal Ways of -Frmin, Tere-Fore,f -mhna eneriand: ne".imorov inc 

at this a an ior'h'en f usbibanidry oract ices recuirino no cart ici ar
 s1,a, 


, i- a Ca vl a­2 1 tc 
' 	 :(:,::q-?ip~to: thre. ,cijmat1'ncre'sinc,,croooot ,iih Gr in~cr var'.et les s.ulte 

r1 i r n--	 a 
'--a .' a, L '.'' 


n r, n~r,~t1 at Lra t s 8.,e icn ..avsn'ay ric; 

http:transoorit.nc
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operat ions vihichI increase croo yields. Improved schedulinq may he morecan 

ef fect ive at this level of ,farmi no than addi ng energ Y. Traininn isrequired 

to qive the farmers the skills to implement such operations. 

F-arms wuith raft Animals and Human Labor Cateqories 4 - 5) 

At this stage, aqricult.ural yields are hiqher than in farminq systems 

- relying only on human labor. The yield of maize can reach, in extraordinary
 

cases, leveIs of 2000 - 2500 kq/ha wit-hout use of mechanical equioment.. -

BetLer performance due to tractive animal power is Drimarily t.he result 

of deeper and generally more thorough land preparation and on the availability
 

of manure for maintaining soil fertility. Commercialization OfDart of the
 

.. product can also allow the farmer t.o purchase chemical fert.ilizers,.,Qest'cdes 

and herbicides. 

Table 2, "Maize Productiun With Labor and Ox Power,,* shows the hours 

spent by human Iabor and oxen t o cult.ivate maize from hybrid seeds in an 

aqricultural reqion characterized by"450-800 mm of rain Der year. In 

addition, data from this table are utilized in a case example of the format in 

Chapter 5, "Enerqy Alt.ernatives for Aqriculture in Zimbabwe". -

A factor which olaces severe limitations on the development of draft ani­

mal use in aqriculture is the increasing pooulat ion oressure on the environ­

- men t.wi th a consequen t ly h iqher number of animais required to t i II the land. 

In addition, the 1981/82 drouqht ,wihich affected the aqricultura ) sector of 

* SOURCE: Data taken in Dart from G D- iudimu (Farn iananemen t Soec i a Iist
 

Aqr icult-IuraI', TechnicalI i Communal Areas
arnd Ext ension Serv ice,) ,n 


Production roo Rudet .,3-34, Zimbabwe, 1983.
 

PersonalI comment- of Mr., J.F. Douse (Gra in SmeciaIis t, Deoart ment 
of R~esearch and1)Snec ialIist ic Services, !4linis 1ry of AgriculIt tre of 
7ifimbathwe), Decefibur, lg83, Hararri, ZimbabWe-. 
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Table 2 

EEG Y :.7C0ER, OLS I -P ;(DOOqa 

(1IANUR ING 

by hand using ox cart 

1 -, 

1- 0 

3.35 

3.00 

T w eeohedI e (. -at. 500 k . manure 

(2)'LhMIIG by hand 

(3)PLOWIG 
y4-ox team 

yERDCTO'0AI{'HL ,,.t 
1 ,,1 

1 M 
d-0 

2~ 0i 
28.00 

.70 
37 

Reversible Po,it : 
150 kg . Dolomitic Lime." 

b 

()PLANT ING 

maromark ing 
- fertilizinig by hand 
p-c anting by hand 

CULTIVA-TING 

1 

2 - 0 
1 

I -

2.13 Single furrow 

2.48 
9.50 

CO-.0. 

9.5 One cultva or 

5 kg:riple 
hybrid seed 

TOPA()NTO-RESSING 

by handi 

(7) '1ARV2cSIG 
a - Reaoing off the plant
0.- . ranspor­, to hcmestead 

- ?repare sheying.-o - r 
;- Shel Iing/Threshing 

- 'y-Iinnowing and grading 
Eantng.oynd/r 

1-0 M 

- *l 

-loo 

1 - 0 
1 
. - , 

3.75 

27. 75 

15.00 
2.0 
2..0 
5 .590 

12.70 1 and 1-55baes 

100 
nia r 

2 

i nmnum 

*~~~(3 OTHR 1-35 
. - 0 5.50 

TOTAL: Human Labor 
Oxen 

hr/ha 
hr/ha 

-

-

2M0.38 
57.95 

ABBREVIATIONS USED: '-Iar:0 O 

:.: i L'boe is or i ythe b'jroan. 

2/ 

3/ 

Dran t oow er 

.,"i..- p n 

is, -edtf 'i 

din aooe--c 

y-o5,ne0 

",~0m/r,0 

u 



Zimbabwe, oarticuli.rl in the southmestern regions was resDo,,sibe for a 

decrease in herd size. This resulted fromlack of feed and caused a reduction 

of draft power in agriculture. This as then comounded by the .orseninq cli-

K ' matic condition in 1982/83, leading to a decline in croD yields of disastrous 

proportions. 

The tractive qower of draft, animals is, amonq other factors, dependent on 

the availability of fodder. The development of forage, which comes from oas-­

ture lands, crop residues, and cultivations qrown especially to oroduce animal r 

feed can be improved in order to obtain better animal- performances and a 

* decrease in competition w.ith natural vegetation. Technical improvement of 

draft animal imolements is also an important element in rationalizing the 

energy used in field work operations. 

Commercial Sector (Cateqories 6 ­ 10) 

Farmswith both human labor and draft animals represent a stage of t.ran­

sitional agriculture. When draft anima.l oerformances are improved and the 

need to obtain higher productivity exists, a shift must be made from transi­

tional to modern techniques of farminq. When this kind of alternative arises, 

the size, tyo)e, and power of the tractor are important choices in determininq 

": : .. . i-tne success of the mechanization process in 3 rural society which has no prior 

experience with-modern technology. 

Agriculture of the connercial sector in'Zimbab,.e is characterized by the 

use of mechanical oower which relies, however, on tractors wit-h an averaqe age 

oif, 10 years. Iew tractor, *nd soare oarts for the old ones, are now needed 

-.- - to. improve mechanical Performances. 

7 The rate of crop yield depends, in part , on the auantity of direct and - -

indirect energy used for crop.,'production and also on elements, such as natural 
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fert iIty of the soilI rainfal I and* temperature. Frost-free areas are suit­

abIe fo(ir cuIt,iva;zt ion aIIyear round. The mean maIze oroducti!o of7 tnis sector 

to nQk/ha
varlzS' from 4000 toU5000)kC/h,: ':or r,",nfe ultivaton, to t00 
th- e e uI . in,im r ex e d kli e o e anr, non e 

tasotat
sources of10q.C,) oout~n trae : rcsi n 0 i~o ,:4 

enraconcerns comerc ialI are ma-in y relad t oobt.,'inThe of farms 

arein aresoich enrcyrco 1n be s ave rue morUe4"

C; ra cr- '0ly 1,e-aUs ' 

/ ods-
.ar or n Ou r om -z,,, n e ce... of e ..,js ....tr. ... .....cer ts ,7; 2 r.at.ion ri v sor r , ...n 

certai nv reie o e can be produced on a double crooinq tbasoIs in these
 

e? tYoes of r ctors oumos foo I,;iaer ift inc,3 nana so new t e chniuues 

ofcliva tion are r z-,:r-j to otin a mo r eerf cienrt enercy use: an-d Possib:y 

Tne int oduct ion of new , 
. . lower the deendence on immorted oi 1-derived Fuels. 

machinery and new t2chnolocy to cO'timize the enerqy efficncyv s ms oarcu­

on the availability of an infrastructure ab)e to suooort. theselarly dependent 


future, This ,Incudes mecanics, welders, sl 11ed machi­innovations in the 


nery ocerators, andnecessary soare carts.
 

C 
e. nCe va c 

F fromthe results of the direct"field observation in Zimbabwe, croo Dro­

duc tivityYn co~n3areas was found to d'eoend, am-ong ot ner fact ors, on the 

use oftr tctlv e avre by draft animals. Tnre techn c a sils of te armers 

edohic, and -oniiono are a i nv o vec wi,-'h cron 

:r du:l ty in .eter ~i n nr th-2aL'an ) cr0jto ut . 

a.nd c! iwtc ecLocial t 

. 

S eci ist ~c Sr ceAsurve2, co)n'-Ucted by/ the-2 0f at r es-2rch ar, 

- e nlr ru:Landoe nw t rvrlv 'rL~>.)~(~)on.2nc the 

€1C:'';'.C< CC.'~i~ 



farms 46 with draf t an)'na Is and 50 wi thout, found that maize Poduct ivit.Y 

:,wasI in Ith isPart icu Iar case, aImust two t imes hiqhier in the f irst qroup than
 

in the second one. The following data show the result~s of the survey:
 

Table 3
 

MAIZE PRODUCTION ON SOME ZIMBABWE FARMS WITH AND WITHOUT DR11AFT ANIM1ALS 

Farms Wit~h Farms Without 
'Draft Animals Draft Animals 

Averaqe area cultivated (ha) 3.23 2.40 

Averaqe maize Production (kq/.yr) 231394 

Averaqe cash income (ZS) 240 105 

it,. Taking, into account the limits of inference from the correlation of aqqreqated
 

, ? , ; , of draft a
p.;.- 1*,..d U variables,, the improvement 
, L '.k animals' performances could represent
' 
 S , - b,':;, ;L , S !:, ' ,' " : -iA' L, (' ''-V 

,'d *. . 5 '! , "/.' '.,'. .- ,s : ;o :x: .... : " t . . ,q:!;. 
4 

.:. ... . . . . . . . . . . . . . .. . . . '.. . . . . . . .. , ' " . .,.. h'-, . . . . . .*.:,*. .-. . .i 

* means of 11"icreasing the total Power input in aqriculture, which could ulti­

'mately-result inbetter cropproductivity. *- -

Improvements can be achie'ved by providing livestock with adequate food.
 

AlIso, a be t.tLer manaq ement of crop residues which can, be used as a'fodder, and 

a more rational utilization of the grazing lands represent short, term solu­

tions to the need of communal areas for additional tractive power. ,Draft 

animals' performances can then be improved by develoninq, better animal-drawn
 

equipment such as implements, harnesses, and carts.
 

However, even thouqli increased use of animal Power qeneral ly Prov ides 

good results, farmers must still dedicate land to Drovidinq fodder for their
 

feedinq. W4hen a cer tain ruralI area i s overpo[ouIated, anid the ava ilIabilIity of. 

l and renresenits a l imi t inrfactor, a dif ferent source (if draf t nower shoulId be 

considered. 'echanizat ion is an alternative o flwrnf he Pressure;ifl aal l-.4'i:,
 



on the emnr onent' and ,..nq the farriers Tiore tract ye nower than that of
 

T h e c'ur .casn from surnluses or, from :jrr-season ,,ur, characTerizvnr 

f a Irns. h , ntan lbor,, Iuicqess that in ncrea.ed croo oroduct ivitv 

couId h/P Obt ned thruuqh the r)ract i.ce uf a bet er nu sbandrv or ut iIz Pn, 

,,tre'Yt ,SroPsib e, draft dnimaI s and manure of cat tle o...ners
 

,. r.ror the :ummercdl I sector, the relat.ionshicD that. exists beteween 
*ioricul
 

tu-aF orductivity inc enerq use deoends most ly on the consump[,on of oil
 

Oeri ed fuelS...A'iail]a:Ie data aas show- that. the ratio of enerqy outt to
 

S- inout for ma ize or duct ion in Zimbabwe- is almost comoarahIe to the Amer ican
 

:nd"-urooen rarmino ,ss7.sem. There no the us e m,' ener
obt. tnat more 

e fficient tractors, and Lhe develooment or newi olwinoa ract ices, such as 

- re, uced or no cilla,-e, c n''a-.e Dositive ef:ects oin enryconsumotion hl 

still1 maintaininq hiqh crc:: yields. 

However,: nr.6 sinqIe cu tion :oolicabte feesfor the, cu,-,mercial sector as 

.hole. oifferent strat.ies ,ust be evaluated for d.-iffrent, 3ricu l -"
 
.:: :: ci rcums tai ,es. . .< .
- . .- .. . , 

".. this sst.age,se 1t emoriiasized that even th',i the cormnercjaI 

sectur is capable of imorovinq- croo yield throuqh ootimizino the use of
 

, . e nee iur, ,icnn emer:es- se.ro,m e qrculturalr- concext of Zim-ae is
 

-- -' that low product.iviit, arid low energy inputs are both common characterist 0cs
 

aPo..... to the commun areas CommnaI fa rmer s du not orcannot
cab e orir 

oubt a in suufcci nt enerqy relaed inoi s o oes ticides,sfertiIzers nd 

..nmroved .!olnq t ell ds adecu. t foo,unsyst.e"s. orod'.: e sat 4i r ui 
'9 . . ,'.• . 

° 
- , € - [ :> ' : , ; -, :. - -, " , . : ,' - - " , " . : .. . - , y !/ 

re i ens..,•ururtjo-,ma-. r, e, Ver t tIe.is doise arn--eu]f' ... '. o!,in: :e t 

K.- en l . . -.. . • 
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**Chapter Five 


ENERGY ALTERNIATIVES FOR Ak'RICULTURE' IN P)ABWE 

To further illustrate the approach, the issue of draft a~rimals and trac­
tor power is examined quantitatively. The Chapter orovides aoDreview of how
 
an analyst would. aporoach a typical problem for- quantification. Clearly, as
 
inan energiyaudit in industry, more factors than the quantificationherein
 
would have to :be taken into account, before a final recommniendation. The two 
week field visit did not permit sufficient-time to reliably second-guess the
 
local experts or to deal with the complexities of animal traction in Africa. 
It did permit an illustration of what information the previous format will 
provide.
 

As described in the previous chapter, Zimbabwe proved to be an exce'llent 

case study illustrating farm tyoes in all categories from one to ten. In 

addition, the availability of agricultural data showing energy use inZimbabwe 
3! . , ' P,,: . '# ; - , " -, ?,'
V i ,-, ; , ''?' D ::: ' - ?:r? , : > : !:, . ; : , :'!: : " -r : , " : : :i ; ' 

i',,f t: :~~ ' ,% .. f ;i :, ': , ! : .:: :. i
# ~i i, ;:. i : : ~ -
•has permitted a preliminary eyaluation of alternative appruaches for supplying
 V. : ' i# - : ' .r : : , < I : -i :, L . -. t :•' : - ';" ' - : : " . .. 

energy. Two approaches are discussed in this section;. one based uoon the 
,


.4. .. -. iL, . . - < . : ." v' ," 'r" " - . ,', : ,- , " : - " 'L.. ' ' - ,' 

develoPment. of draft animal p6 qer and the second based upon the introduction 
.: . ; -.rU" 4 ', .,, " • % ' " ' : ". ' " : .? 'I• '' "' . ';. ''. " i ' , 

' I' :' ''" f : ! " ': L? :''' ' .::T : ' " : ': " ' ' : -? : : ' : : ;: S7' ',,' 

of mechanical, tractive power. In 
" 

addition, data from the transitional level
 

of agriculture (Categories 4-5) were utilized t~o illustrate the evaluative 

format presented earlier.
 

This chapter thus beg ins with a description of the use of animal power as 

an approach to addinq enerqy, continues with a descriotion of the use of trac-, 

tors as an alternative to draft animals, and ends with a case exaimnle of the. 

format. The case examole isbased upon data collected on the field trip~and, 

thus, typifies the common. agricultural practices of Zimbabwe. By selectinq a 

communal area with limited animal use, however, it: is a good example for much .2 

~jdj Africa.;>of 
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Develooment of Draft Animal Power 

Tne oroblem of 'orovidino acriculture with additional energy 'in order t o 

obtain better cruc yieid. has usually been examen the basis ,l t'.onec on 

.enerAl aoroaches. The first is oroente- tuars the -rovement f r ad i­

tional *methods of increasing. the erf human labor andfarmino, erforances 

drt aniIs. Very often this .aooroach has heen considered as an interme­

diate stae of rural develooment leading to a qradaoual introduction of modern 

or more mechanized techniques of farmin The second is based instead on the 

in.roduction of modern aqricultural technofoqies, ,nainlv throuch the oromotlon 

* of mechanical tractive Dower. The existence oi- certain infrastrucTures in 

deveiooinq countries oermlts such innovation. 

The )evel of pover"y associated with subsistence acrc in.delo ­

ino counrie s suqcests, however, that the dualism creaed by these 3terna 

t ives is resolIved more aoProoriaeiy in favor of Uoqradino the tr'a itiona I'4 

techn iques uf farm, nq . .An examcle of thi s i s the casef:ound in Zimbabwe whre 

the ,Mlinistry of Agrculture attributed a higher level of croo oruductivity to 
aFbetter managementof draftanimals. The small size of tne farms, the lAck 

beteranaem n odat~n L: 

i'of cashb, and the absnce of the s Is necessary to operate and maintain a 

tractor are aon the maj;or reasons ,hy traditional sources of enery are mc.r.e 

Iikely to bCie to level s of acricuture than mechani,zedSulted subsistence 

'Power. 


Accordino to FAO (1983), ;aIthounh the use- of tractors in the ,orld has:.
 

increased since 1969, draft animal enercy inouts in aaHiculture in 1980 were
 

n e tires higher *than the enercy,/ orovided hy tractors. An increasei tr ar
 

'.tS
 tv no er 0 r cu I on ca n -2 , c t.,n ha-c e a c ... -a .- 5 

v i orumu)son s thorc;ich, W-U/J ito rura con: ext ins'. 

v"a 0 CI ,c ,.eS,. n 



the exi s terice of an infrastructure--nutriti onists, veterinarians, a laboratory 

for analIysis;, nd veterinary oharrnaceuticals to support develorint--are' 

important elements in determinihg the success of theirLuse. 

I any case, the use of draft animals does not correspond to any specific[n 


formula which can be "a priori" suitable for a developinq country.. Hiqh oDu­

lation pressure,",presence of diseases, and qeneral low availability of land
 

-
 are the constraint.s to animal draft development. When these factors occur, 

alternative sources of energy must be fouhd. 

Consideration of Animal Tract ion for African Aqricu l t ure
 

Animal traction, eit.her as a new energy source or as an improved enerqy
 

source, 	represents an important. element in increasing crop yields for several
 

reasons. 'First,'armers have an immediate availabilit.y of energy both in the
 

formnof 	animal.tract.ive poier and also from the source of orqanic fertilizer
 

provided 	by manure. Second, immediate availability means also that
 

agricultural oPerations such as manure distribut ion, plowing and harrowing can
 

" 	 be performed ihenever it is convenient for crop cultivation with no dependence 

on fuels, lubricants, or spare parts which would be necessary when using a 

tractor. Third, since a constraint for increased anricultural productivity on 

small farms in Africa results from lack of available labor durinq olantinq and 

harvesting, anima I power can assist in accomnlishinq tihese tasks. Fourth, 

t eoeti a lt her.e, is no need' for-cash t-o purchase draft animals because 

they.can be bred within a rural community and also they can be fed with crop 

residues 	or the naturalveqetation of the area.
 

The suoort of draft animal s wi 11,~however, raise the problemq of deter­

K'mininn the quantity of fodder necessary for feedina. Ifone considers that in 

ox req~uires in one year 1.1 times its weiht of fodder (15-1,9 nercenit mloisture 
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C(n tent then 4 050 '<c/Year of rie r InfI e flesar, r at1n rm Il aelh 
inq 45 q. 7h ~S qcSts tht~ Crn yiedo 200o /a/er ihacrrs 

ioruct ion oexs ne' 2lv cfaoroxiIa ia700 si/"en 

JroviCe enoiuch rue o or01 hI(I ean ein, w'r, te) 

00otimd I Situati0n in -.h i cilall Croo res idues are j Zeentir.el ut fr aniMa i 

Feed',i no Dr actica1ly non-erxz(iStePnt; there2fore, nii:,nal oa Stureand wi e 

necesSary to Suooort drafta sincle animal.
 

In Zimbabwe, it qas estimated that at the end of re nrvseasn,r,7 ha 

o, -Irazinq land ,ere requjre to orovice maitenance leve Df , v .henn-o ,eed 


maiZe resdues weere oft en used either as a subsritute -:Or f.irewo-,od, as 
:iaterial for or even l.efconstructiin I.f)",ij 7 Z nher 

imoor ant 2iefrent c:h1araC 7rzno draft anMals 4S tnat FzdnQ nust 3, su he 
Dro i ed when animai c'es ran y athe no, Der form rcua r kri nq ar Iyt,.
 

There is, therefore, a consumotion o7 energy 
assroc ited -i h Fedinq n
 

durinc idle oeriuds.
 

For this reason, a ra3f animal shou ce 
c refu II an ea in he sense 

of Proorainmi n its aork oerformace wi th a eionaIlcontinuous scenHt.1u le o
 

Qraqricuicural ooerat ions duri', the entire
n.c-.. 
 i 


oroduction ooerat ions suchn as oloiinq and 


i- rctn o cala -ro 

harrowiJn aror which draft anilmals 
are cenerally used, other ener , consurnn acti is 
t- n oe dao ted - e
r:nh~e:ei nsum , _-c=,sC .! 
performe by animals oumoina,
s. .ater intra- and inter-farm-tWinsoortal ion,
 

and qrain arindina are a11 acti.v ties w-hich IraFt anima s ,--an accmnish whn, 
strictly related reIcooert ,is are not rrlure. 

t)ten, ho,(weveir , t he ini'7,,airte7 tnec n . 'i Thenor se nn il 


Criooina season ue 4 aock-[j ofoa srea nd roier .
 i;:ler- these -ondit (;ns, 

t ne ut ilzat on oi: 'he fl.nals 1 r, hevow crna r 
ioei~in irher ceccejMe ecuse Strent n inc oour oiivs jca onti 1(n, i , 
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4f si ca' )11r;~ r ,cj .n s b e t u t3in -- t :j c ,j 

r level S(f wjur iiI)tIr i i i th1)e drY -eson, h rjn si&l frn 

I"uCh m rr ef!ec e-t4Vye . creu evalu3t on of feed reSurces nd, .aI 

needs it, comparison iith th e work to be 5erforreed shdul'j .el; . made before 

orescribinq 3 schedule of energy requlrinn act ivities for the aniimals. 

S.... 

-

Oraft Ani.'al Feedinq 

Thie quality and quantity of nutrients required bv a drafta are 

(J-et ervned by breed, sex, .q e and t rac tive work inq activ i ti es, Rat ioria I 

an Inaqemenit mus t alIso taie i nto account t he su itabnility of a certain 

environme nt tooroduce sufficient suoolI es of fode in relIat ion to0 the amou(Ant 

Of land avaiIable. This evaluation will not on),, be related to nutritional 

needs, but also to other criteria ,-ihich letermine the 1iuit that the use of 

craft i n ima-ls can- reach ni acer t ain rural env ironent. 

Thecomolexity 

env ironment "emerqed 

of thi s nart iculari interaction between 

Frequent Iv lurinq the trio to ZimbhaWe, 

animals and 

uaqest.i nq that 

. he:)ivota1 factors in de teriini nq the land necessary to feed an anal 

incl uded trad it iuna I, cul t ii ra I, and soc i o I q i ca I elemen ts. An imaIs t o .e 

...:a 

used 

. , 

/ 

for traction must have feed rat ions which orovicle enerv for maintenance 

qrowth, and thewrk to be.erformed. . 

Flicturs correlated w,,ith enerqy needs for work wiill deoend oun the .-i r-

frequency, power orudJced lurino workinq actii it ins, ohsical cundi t ion- of 

-

~-

S. 

~--

4 iri~ilabettmeauem i uiiy el ,"siae ~tl-est ible lutrient n;eeds For Oxe-:n of.f/ariows Sizes,"~ie values of .sti­

mated enerqy riequj~lire-iilnt for oxen of differen s -iorkinq different 

eriods' of timne, An ')hservat ion which has emnerned from stud'yinq oxen enerny 

requirements isthat even thouqh oxen work in this ca-se for upo to eioht. hours,
Sre4 

.< 

4-4. 
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ta".. ~..Table 4 

TOA'IEHL'IiRET (TON) NIEEOS FOR OXEN OF vAROS SIZES 
40 RK I G ATOFEE1 FO'd, 6- -and 3-h ?EO0S 

~~Si~~ ENTE 

313 3.S 
, , 

, ' 250, , 25/ -?41'; 10 47 

7v tTraci Y.: Trd v 2 ds 

.. Efort Soeedi Pwr _____________Ieiqhnt Effor t 
(""a 1 %0kforov (km/h) 'KcaI/nr 

eqht 4h 6h 

25)0 30 12 3. .93. 46 

20 35'1t 3.2 267 3.6 1.3 A9 

3100 30o 10 4.0 23 3.7 LI 3 4.9 

a~ 3.2 313'1 d3 5.5300 a2 
.2 43 5'
'350 3104. 35 

350 i'2 11 3.5 34, 4 j. 6.92 

4..... .. 40.0.. 373' 7 5.4 6. 
, 5.Es00 1?.5,,-) 4.9 6. 

S4 5.2 59 6.7,' 
350 5 12 -1317 . .3' 7 .' 3.5 7.2 

~5 63 3.2 ~3 ..51 .7 7 .7 
- -00 

" 

1 :3 '0 734 5 6.3 71. 

50 . 60 .12 3.5 "Ica9 5.7 6 .7 7. 

50) 71. 3.2 533 5.9 7.0 3. 
~0 510,0 516 5.7 6.6 7. 
50 '56 12 33.5 50 .) .0 3.0 

11 6.3-7 . . .. '550 77 '. 
10 'C' 63' 5.1 7.0 7 .9' K0I 60 


55U ' ;:"'""
~00 '72 1'2 3. 6 . 7 .' 3..;c53 

63z C 6 . 7.9 9. ' 
4'''3.2 

1 K . K (one 'qf ?.306 lewtjns)Koarams force 

2 These values~ reoresent the amount of effect.ive .-4url- outout oer hour. 

aIhs ncIu ,nranc n-eds (rn.:'eO:z0 calvaues de dailIy -i of dd 
oF di-stib) e nery and 3615: kc a o - bolizable, energ, 

,Sirce .Ad e froomr, Goe C nRe:rch on Ani :­

' W'. :U{ 
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trials conducted in Wlest Africa showej that heavy wirk cannot be performed fur 

more than five hours'for several days.* Also, to avoid heal th injuries, this 

limit of five hours can be overcome only if the animals are fed with an ade­

quate diet of forage or concentrate to guarantee a daily recovery of body 

weight. lost during hard work. 

Nutritional requirements iii Africa for an ox weighinq 450 kg include 2.6­

-2.9 kgof .tota,-,digestible nutrients (TON).. However, an important element to
 

consider indetermining the.maintenance diet.of draft animals fed on pasture­

land is their energy expenditure when forced to walk in search of water and
 

grazing areas. This activity isparticularly intensive durinq the dry season.
 

M.R. Goe states that the enerqy expended for such exertion can reach as much
 

as 170 percent of the requirements for stall-fed animals.**
 

The growth 'energy requirements are also particularly imoortant for imma-


Lure animals occasionally used for draft purposes. Only an adequate diet can
 

provide a guarantee for their normal physical development.. -"
 

Draft Animal Equipment
 

'Inorder to opt imize the 
tract ive effort of draft animals, particular
 

attention should also be paid to the improvement of the drawn .equipment
 

Duringt.he last two years, t.he Instit.ute *of Agricultural Enqineerinq cof
 

Harare, Zimbabwe has developed, for example, a series of studies addressing 
 ' 

the mo t t commcn short comi ng of tra di t i ona I implement sin order to make them 

Matthews, .D.P and Pullen, D.W.M., "Cultivation Trials with Ox-Drawn 
Equipment in the Gambia", 1973-75, The Aqricultural Engineer, Vol. 32, 
N'o, 3, pp. 77-80, 1977. ___________ 

* Goe, 'I , "Curent Status of Reearch on Animal Tract ion, World Animal 

Review, No 455, pp 2- 17 , SeDte-mber/December 193. 
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More er iceni D emeIs S-C dS ls, arro0as anid cu i v" o6r"s wer i. 

e s. ed nrG o:npr , ri e F I n 'oon iu,...ti cK-rec t c 

w.1elat, usuIly rnenci mirnoernent lhtr ~n r er reae Lo err on; 

anq eo t cn T ther i a e or ni 

neiqht of handles facIlitate 'ruman work, ,nd . 

deoth of oierat ion,1' iak nc it ad'ust i.)1 hand, 

* modified imolement, the "Haydock Planter and Fertit zer" used for mini­

.laqe,
mumn t1 is shown in )icure .. th h min.imum I ace svstem, the land 

is 01 
,eda 20-2, ca least once everY three ear s .,nen this imilement iS 

used, it aflo.s t.he comoinat.ion into one uceration of the folloina four , 
i:: +: rocedures: +' . I", 

1. uow ma r'%4ina ithn a tnie; 

Fertilizer 2 olicat2. r bY hand' 

3. Plantina, either by hand or tooi; and
 

. Coverin the szeecs, in the case OF hand *Ilantinq, wiih soike to 

+eoenain ,jouin the draftt orwer a e:ie(one or -iooxen), the HavdockI.< 

P lnter and Frtilizer" a ccorIsnes this roerat in in onl a s li Qhtly lonoer 

time oerioc than that nre-1da or one orocedure ,ror maize 3 to3.'33Yhr/ha
 

were nzee ed 
 / 

The I nst i t Ut e a Ios!deve loned severa Iforms of imoro,/ed neckl yokes in 

order toutilize draft animal power mbre efficiently. For this OUroose, 

armers aro rovried tth yesqnsDs, a 'eT9d f listse Fssembinq, and 


astrttuf to 'nese sc on the 

t x l-n,o !_u.ihf ; in, nni;t , t-4c u:. 

a t n t u bcl -.. a &)e......t 
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.. " 	 "select the agricultural zone and rural poulation 'inwhich 
culturally, ecologically and economically thz v can
 

4, eoerftorm results;
 
44socially, 


the best 


u4fuideta<e !orecc
r a acurrte study to imcruv e the qualit Of eujo­
,""t . ozn drto, ,y animals -n orcer 'to. jbt-in an oot ,,al
 

. . eiat ionSh-no between e rcv inout and work results; .
 

- identify alternat ive work to be oerformed such as water IIftinq
 
" in wnich mure efficient oUmps designed esoecaily for animals
 

should be constrctea; - -4"
 
4avoid unproductiVe oeriods of inactivitv when fodder is available; 

,,-nrove-. animal feedinq, considerna '-he ex.ra enerav useot ir 

mainte nnc or. animnal)s on oasz "reands and the eneroy renui-red,"­

for wurk;. 

in order to emohasize certain
-:enetica'lv imorove draft animals 

"44" . such as muscle cev.elooment, Iimit inc of heicht,

4characteristics 


4
sa,1n-a Fur .<r*, anc adaotat ion to local cl imatc cnditi4ons; and 


44.",
4
:orcanize--- a better manacement. of oasturelands with rotation of the 

.-- orazing areas. 	 4 

Tractors as an Alternat 1ve to rf Animal s 

The use of draft animals for agricultural develoomenti in Africa is, "­

unfortunately, not aliays possible when oobulat ion oressure on the environ­

ment 	 is hinh. Even thouqh anial.a tractive Dower can be imoroved based uoon a 

.better use of croo residues and arazno areas, ooen land must still bezavail­

aDle 	to meet their feedin reauirements. .
 

In adition to this, it was found, that in Ziimbabwe, farms relyinc on
 

of ma 	 z ecdraft anlials were not able t.o suro ass a oroduct ion rate of 2500 


tractors ,,,ere used maize yiede d., n rance .,-fr
c 	 "r 1 4' ctare,, wh her e 


i0G to S 0 kc Der u telre o ld; ... e..... t. . a..
 

m..s e. n suffic... iet r te Dort unov a4lcrIlture recc rd
rdi 	 t-o 

jm" t 	 :rc t D rcor er.d rio 	 " "r.... " ms n '3 

4V4444444 I44.44j 4444,4­
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usedi because of the existence of ,iie '::i(ii e tset C v area cl se to 

Zamnbez i River). 

In Zimbabwe, the use of traktors as an alternat iv to aniral nower 

seemed to denenid on: 

- The ,Inavai lability of Iland to nrovide adequate animaL feedinq; 

.. The need t o ohtain hjieqh croo yields; and 

" The presence of diseases which const.rained draft animal develooment. 

The Tractor Choice
 

The use of the anorooriate tvoe of tractor emerQes as an alternative to 
the humian and animal enerq, Sooli ed in trati,',onal methods of farmina or, as 

is now occur i.nq in Zimhahwe, as a complementary source of enerqv to be out
 

side-by-s ide with thle t rad itiona I ones. At the level of a sinqie farm, the
 
.. first stern.in mechanization isthe determination of the aoorooriate size of
 

. tractor to be used in relation to the nuantity of work to be performed. 

ConsiderinQ that a larqe' tractor ismore economically exnedient on a larQer 

number of hectares, it has often been assumed that small tractors would be ... 

inure aporooriate for small farms. 

Following this looqic, aqricultural manufacturers durinq recent years 

have dedicated increasinn resources to smal l tractors, qererallyv less than 

20-25 hp . The advataqe of Niese 'nechanriicalI units is relIated to t heir 
economica I access I y in t oe ibi li t erms of their lower cost the individua user. 

The prootion of these s;iaII and wer tr'ctors, theref ore ,i ennancelow i Il 

,iechan izat ion i i areas where t ract ors are not current 1Y i n wi de use. 

A Io,frm t he noint Vo viw of eneray conuo t ion,sq-al II scalI nfecha i.­

tioim encuraq e s av inn on imouorted Fool Ih a ai-l) ,i,nerm i t t inq.ay a 

Ihe~otu to ust? rr-niewah le fuels siuch as vonr t .ihle oil, oiel hvl alcohol arid 

j 
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,jork pronuced , wieiqht o. thli 6 i I.sn fue I'uverae ari 

u conis upin I i on I 

re sst ance t o cl imiatic condit ion~s in different; tvoes of' snaIlI tractors. It 

can te colic Iud' d, Moowever, tha t sll t often from both thleIractors sujffer 

"ruthlem of poor maintenance habits and limited aqric itral..aonl.jcahii litv. 

Thiose who .suooort the use of Conventional, more nowerful tractors, arque
 

that inadequate power is qenerally assumed
, 	 t to he a orimary constraint o aqri i 

cultural [oroduct ion.'. If in a certain country, therefore, it is necessary to' 

S. produce more food, and caoital 
is available to devote to aqricultural develop­

ment, the use of hiqher oowered tractors (nore than 25 ho) can actually qener­

at,,e-an increase of 
croo yield per unit of surface area. Furthermore, large
 

tractors, intrinsically directed t.owards larqe hectaraqe farins, can enhance
 

the 	organization of cooperatives anonq smallholders. The responsibility of
 

maintaining tractor efficiency will then be shared among more farmers. 
 Conse­

*'.quent 
 ly, it can he seen that the issue of small tractor vs. large tractor is
 
site soecific, and cannot be solved without additional data on the location
 

and 	aqricult.ural requirep--nt 
s.
 

Case Example of Format.: Energly Use in Haize Production (Cateqory 4-5) 

In order to demonstrate an application of the format, a hvoothetical farm 

was in.	 est ablished a communal area of Zimbabwe. Rased uoon tlhe data oresent ed 

in.Table 2, ".1aize Product ion,,,ith Labor and nx Power" of Chapter Four, 

Review of EnergyvUse for Ariculture in Ziimbabwe," and relevant assuintions
 

as 	 described, an overall enerqy balance was first developed. 

In 	this enery baarance shown in Firure 5, ".nergly Flow for Cult-ivat ion o(Jf 

One .lect are of %laize," tie must siqnificant enerv va lues associated wih thi
e
 

ricuIturlCIro ess 'arreore s e n .Th rerv iniuts necessary t achieve 

cruo pruIC I On as wIPl as itheeercqy onItout s it ari nd it' the veqet al 
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.,)I oduct ion have been cowputed 1wqith the intellt to Snow ho'i.i "n,-nerqv ci1rcul:ts 


a traditional Farmin q sy.s tem. In this pairticular case, therefor-,, the en 
v 

alance canl be 'consered as he anlysis of he enerc,v ow that Occurs in 

maize production On a surface Of one' hectare inone. year. 

The enerqy associated with grains is orimarily anal/zed in terns of food 

value since most of the;,maize production in the communal areas is carried out' 

.. . for this ourouse. Fiqure 5 al so shows that the amount uf. fodder for the fours 

.. oxen is partially orovided Dy cron residues. An additional 3 90 kcalxlO4 I
 

are provided by fodder fromnqrazina areas.
 
To illustratethe allocation of the enerqy flow in
more detai'led terms,
 

one can tabulate all major inouts and operations by weiqht and time and then
 

*' ~ convert them to kcal/ha. Similarly, all outputs were estimated and converted
 

to kcal/ha in order to develuo an outout/inout ratio as a measure of
 
productivity. These values are shown in Table 5, "Energy InoutsOuts
 

per Hectare Per Year for %'.aize Production with Labor and Ox Power".
 

Information on the site arthe farm follows.
 

S. iGeneral Information
 

'ata concerninq the amount of time required fur the cultivaftion of maize 

with labor and ox power in Table 1 were obtained in reference to an averaae 

communal land farm, witnout any soecific reference to aeoqraohical location. 

To facilitate the cumputation of the values of kcal outoit and kcal input 

.... involvedin the agricultural orocess, ho,,ever, a hyootnetical farmf. has b en .. 

or'joosed for the lJzu.mba communal 3rea 150 km lortheast of Harare. This farm 

?Ids visited donna the direct field observation in Znbabwe- " 

Inthis particular area, maize is cultivated by .0-90 oercent of the 

farmers, even though only 10-15 Dercent of them are aole to obtain sufficient . 
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Table 5 

E,' EGY, INPUTS AND) OUTPUTS PE HECTARE PR YE'
 
F0, 1A ?P1ODU CT 1O0WTH W OX P0
ZE AO 

3'r C:; a it r/h T'n :a~ ' 

'4anur 70/r2O~~3 

L .ok. 17Y~k 
(Tor' con tent) al.~~ 

Al~jtu;:lrae 1.3 o 0 

~e
ent S 
5 6/7-­320T es 

TOT50ALir -3 ,235 

G-ra~n~3,4~O/2 ,CLO c'k 176.~
 

.~St--:-is
Leaves 5O~ ,2.0k 1,0 

R-~ Yte r 5~< ~.0 3C~~e ;no,5 

Out u/nouta~: 

~nl. )nt ans s ar nnt nc'Iij: nc inru;j nrv
 

b. With on 'Iv ra is n t ztut an! jncludlnq al I ........... . ?
 

i.vb:22~Vir'srt h .71ia er7 r-yrjurren e 
fi~rh, . . un VaeU *a as s~nn 

r. c. I S4 S,2' c r-- j 

I~'7-­I 
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y LIts for cOfin'M(, rc nro~:uc t 'io, I. C, r) li s fd rmr i,; n u airr-a I fre(W 

r~~~~~ -i crc1o 

rdo -- iv it in th fo ,i, d in the Iai rji Iy c ,the faris of thhi s 
comnunal area, fluI ctuates qreat ly accordinq to the amount of annual rai ,a II 

Geo-Climaic Information
 

The farm is located in Natural 
 Reqion II[*, characterized by: 

- tot aI amount of rainfallIranq inq f rom 650-900 mm;, 

- averaqe number of rainy prentads from 14-16; 
rainfall distribution concenlrated between October and Aoril; 

- the region is affected by severe mid-season dry Deriods and,therefore, is considered marqinal for the cultivation of maize,
tobacco and cotton;
 

- temperaut res are qenera l hiqh, but the comimunal area of IJzurmibais not a frost free area 'herefore, maize could not be cultivated
 
on doubIe croppinq basis; -


- the elevation above sea level is qn m.
 

The soil, is mainly red clay loam of a heavy texture. It is character­
ized 1)a hiqher water holdini capacity thain the sandy soils tyoical of other 

areasr) the same natural reqion. The n is fairl low (4-4 .5); therefore,
 
-inq m 
 is required to quarantee het ter crop yields. 

The nat ora I eq ions of 7 imrai. wer! det,.ie thr an Aqro-Ec Io ,ic 

surve-' conducted inr196 1 anrd recentI ly updated hy Anritex (DecartIwentI ofAin r ic6,'1ura I, Techi cal I rAtwnsioff Servijce, In t hsre, a vr c c:, rel)t Io!i Ii Det w er Aqri tex 
croooroduct lvi tv 
 3nd amount 

.... frainfallI dujr in the rain't ,,'ta. (IF, A Dent arI fs a oip'sn1) o( er: . Prec in i tatI io a;ieasured:r i)d u f f 1v-.-,day S . A ra iny a; ra i vpent adi. s de.F red ,~s ie, the
of threr'r 
 Five .v iti,i s tiich tnilt h ec,ovu uror!', tiha r rof r itfa II id two (f *.1i C !r1v1, Jt lr'a~t 1 i f rrini l) 
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Farm Infrmal~ ioni 

Other element;~Zhar,.IerjZ!Mq ;- 'InI
 

- ual o ' na*. I f 

in cnuL r ouseaaoi 8 2 . 

:. <<consum" : in (c.abba qe, :so hach, . , :' ' : 
homesite fl"i(>; ... and, unoroduciv n :€ 50J 

.:;:: !.,::.. - Estimated lena .available f'or orazinq-, , . ;: 

- Lana for qrazinq further Soulh, used 
during d.. season not Iefined 

Livestock 

- oxen
 
- ooulIt ry 12-13
 
- goats 3
 

qriculturl Imolements 

I. Two wheeled cart . 50 
1. Reversible V'ow 
 0 70 
I. Single furrow nouldboar, Vlow kq 60 
1 Cultivator kq 63 
1 Hoe W 2
I Scale q 50 

Number of Householders- 3 persons
 

Due to the communal tenure, akl the land generally belon to the conmu.
nity. Therefore, we use the ter'm householrer Co indicate rho oeol 
usually resident in that area. 

This e demonstrates the uie of the format For a t'hevrt icY loca,DamOle 

[ion bAsed uponactual farming oracrices for maize in a reQdon-of ZimbahwAe.
 

At this lime, rho trainwurt network uas not been leva luns tu~~Vino~ -t-­

: '7 ; :,;::! i o f t.h it iol y o ne - r:: i t, m' nu::,, t e ,a d ,n n.l s nw iq w t h nw ioven e r i , nna t l -;Low ,r,, have nee' nui.. il" 

tne only it i nrivi l 7"i ";.'d-;eqI 
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!'>.F :-. I :)M!:'lI .l I ' o t' Cpca :c .l:' o l .I ra rac." ic ?, ih in :.,':>;'< r,}I 1 0ofI'.; 'Iii: ' I of .,inr I .. ,d: q;n :ho, :
 

,pr5ec enerqy- usIn I o
 

>, :" ." For-t hi 9,irticu lar farminq Sv~tl: n, the m j r eeq o~ m n n u n 

_:. : operations have been ideit ified ; "n fo ies sco tn te ale"rcn tv 


: .
~~as mechani'zaiion could be evaluated, if des'ired;-.the re-lationshin between 

pproductivity has been -illustrated; and here coul pt 

b a tr n i o a ba e ie case for furthier analysis. , .i -,/ 

.. :This transit~ional- case can 

.15-: • toef . tre a nat iona level , forI, Iann,'inq.
 

::;,: . form the basis of estlimating enerq,y use rasso-."]:"/
 
ciated wi th vt aqricu ofn I sect OrlI( 


,:< -purposes. It can also form the basis of estimating economic cost asoiated:
 
. withalternat ive enerqystraeqies on either a project srecifric or ..
 

l lto mesh with national policies on imoortation of2fuels for aqricult.ural
 

use or the imoort balance. ConseQuently, t.he use of a format such ai the one
 

eillustrated in t.his sect ion can prove to bean import ant fivrstctinunder -c
 
standinq theuse o uenery in aoricult.ure and its relat jonshi etween
 

uralo ruductivity. d
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One...uf s nel e o ti-e ii v the c i sesm larQ2s les 

~ii ____-e__ne___otii 

';'i::{;-,-enerQy:and .,Qricul t tire. The t vari es ccord ifnQ t o *the.cla.ss:i;resuificationfO ' :" 
African farms ou Iijnec n the tex For )examole in tradi ional farmi"q 

AA:" IAt e ;' I 

:i(Cat eqor ies humnani: labor of. enerqy, !! ii:.)iio 1-.3)T,; isl the chi ef source Uinde~r tihose iii.1 

iii.,::',:.:.-circumstia nce s, enerc v man.2qemen-, con si stss olii troduci na 'e(F icient 'k o s:O :0:/<:: 

...... .be.t er schedu},inG of ,.ar icu}tural .actii t~.s accordinq to natluril events , or , 

wh,e~n oossi)ble, inima~l oo;.er., Tne-ani.mal. rovides adouble b n fi i t iOnon 

;: > nd manure wi.Lh sqn*'1Ficant resul~s in increasinn yield. :-:: 

In tenext ,c~ass o; Farm,. trans !ona1l (Cate-ories" where huma, ::, and.-:... 

i.~ ~ n n. oower in -jse ,e i cher fer,tilizer) aa ,nay bo .h ne -2-seeds'or: are :the qreatest.:.;)..:) 

- ,- : !: .
;i). eneray inout s, I i rri 'aionis :)racciced, that m-,ay dom inate 2enerrqy coC)ns umo)

ion. A h qh l [.ec)lnica I n. scient ,-c.311y 4e I -suooor'Aed orodUctlon ind 

d ne oion bstem or- nae inen , ""ibut s o: nvorid.-seeds I7,r o 
,!rs an exanoe, can eque e 

20,000 ;<cal/'<a or mrore Lh~n 600,000 k~cal :;or a 'hectare ear. "v2rr 
better schdlin farclurlatvte ac/n.ontua vns r 

.:i-:'-.:. Zation with awimon ium nitirat{e , n,inc iudp it- onn '<rkC l/k<Q or- almo st 500,000 '<Cal . . . 

;"/~or " d inq irric'a,ion :ctsuool v D500 ,m oF wae r.fr~om ./::. i ::,.:a hect are. .a shallo,,w 
i I I edw ha-nawnrd Ihe. i1 requires.5 xod6ee oowe . mii ahecascaideeoe 

rinebd S -on th.oe ta i i6.onald mseo d ie e inr) can r e, xr hectare.
 

:h;-.:,..:::I:;::L.:.Com~bar i nr tneee ,->al cu0,mh i al ti ti u st himan: and ani-m , .. !:ues .i tIn i:)/ iI br, : 

(Cateqoi~es '')7 s sourcreuc o., 1Unde
* . o ro. rl t r te.sen 

c Stn r n3n J o C a -Cae 11xuitoolsien. or
 



than 100,000 ku~l. Thus , irrioat ion clearly dominates amuni etierny uses as 

seer i the fo Ilow-iiin table:- Tal 

TYPICAL EfIERGY VALUES FI)R A HECTARE nF M1IE IN 10~ KCAL. 

Human and Animal Labor n.1 
Hybrid Seeds for Maize 0.6)
Fert iIizer for tcui ze 0.5 
Irricat ion (500 min of wat er) 1-10 

In t his case, erieroy m;anaqement consists of achievingq the must efficient 

* relIadt ionsh jp be tween i noiit and outplu t. It al1so cafIlIs for choos ino the mlost 

favorablIe eiierqy source from amonq the subst itut ablIe alIt ernat ives, Qiven the 

iaLional criteria for energy and agricultural oolicy. ~2' 

The class of farminq called modern (Categories 7-10) combines human, 

a iaIand fncacaIformns of energy wi th an enormous i ncrease i n oroduct i­
vity, as diesel or gasoline engines are employed. These eniqines are the 

__ 2''22'-2'2, 4..... . ".larqest users of enierqy on a modern farm, so~me which be.. " ...2 ~'4 ' ... 

22' 2":'- ... ! 4 , , 

" 

{/. 22i;, 4 ...2, 2 %.. 

of 
2'// 42'.1 , 

may 
' 

associated 
"', ,2, 

with 
,22, 2" 

irrirlat ion. 

* An urnder~staridinn of the enerqv related inputs leads to proqrafn strategies 

*which aim to ;LIDDly the necessary energy for the devices found on this type of 

farm. As i s i ndicted in t he Zimbabwe exarpIe, the chan inq of energ y form 

can have dramatIic resu Its oni agriculIt uralI Yield(I. *Iakintn energy ava il)able f rom 
ont iouns lamong th wi eieast ieqat i ve imfoact at t he niat ional level shoulId 

be aiiatter of concern tou the enieray nplanner as .well as futothe a.qriclItural1 

oroject desiqner. 

Thep ado it ionf o e-nerngy doe s riot re la te orooortIi onalIlIy tou producti v ity. 

PIOduICt 'iVi tY inCre'aSs 011l, whie,n enerqv 'is used appropriate ly anid in t he con­

r>ext uf thci l-. tujr,,I vs t!i,* It i s io sis 
* , etu ni s ij e ene-q y Thus 

See Cim:tIer,; dra d 5~ frd'ti., Ilq of ZiTatw case studly. 
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r~~~r n- ju:, r 

&'in o nerl . sp t e vari. s:i': 6 

2rejrdctat c~ r) th e a in at ive c aac z' ar -lper 'o,sI) farmiinn soc 3er 

ctthe taree 

snuli rlc) to c, ;v ur ss ,,n'i1nb a In' SU Urcrc E, 4 

3lfIO 

a s -Ien t v rl n~nt nfri -- toe~nrn i I ~i sjst n 

iiioerro rat or ro' ( r ?CIc~lrte~~ o dn C. en IsS S 

s f' aso zna34e iare ofl ie variooi al ternat ,ves ti irorhol es ciirs and 

arc ae neee atV ieIdaic f ata S uUcn o -i~ ic iions ooint 
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7 /enh of ifor it'n niren r jr cn be of u e tor.ar cujr I r 

~~ ~r~orari, jv~ut a exi~ n rec,ie~nestnrooo' n 

V 
anu~a io r e n i fr *rSSi 'I i er aj CC Wr&r~te ~n tY need s 

I cs* i, n v n r 2ut r qra Ih','.3 1S nI Cj t-ie;tw~ 

u r ­niaco' It 'J.u tO7' n c,~ .~ r i Se.t , r -r'ln- e e t, r 
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begis t s owhow toi de'nt i;;fytJhefmost ,siqiican ' ;tarqet s for: progami-design;: 

and, co ........le tede pe'rience,: to iden ,ythe;r;earch n eedd to imi v on;-., 

existin k,nowliedge.;<'{
.7,'; 

Th~e >reoort:only lays a foundatio or. accompl ishinq it~s uti eojc 

>: 	tive ofincreasing tihe; .supply .of.energqy for" agricultural use. Brakn .... 

barriers of the inh~erent. limits of-humnan or animal r Owqer orimor e fe 

mechanizat~ion will require building on this fonain iceterneo 

other extreme,, any enerqy progiram to assist acriCultural nroductivity wil
 
4... sec or : 

--.:need a brdad range of sk iIIs and SUnort .. ; 

.This means that there is an essential role for each of the levels of 

.:.,:USAID responsibility. Th ceta ofie o &inWsngton have both a 

" '. The technical include codify­.•technical and planning function. function would 


...... ing existing knowledge about technologies applicable to agriculture,. The :i
 

the reonal an ion l sfudto o copisigisutmt bic
 
.range, of considerations may be as broad as assemblingq knowledge about diese 

.. 'oump sets and the substitut.es for them as well as an evaluation and assessment 

' L of-the replicabili ty of gene tic resear ch on draf t aniimals.i~l. 

:•,i In the area of planning , the activit ies would include assemhl inq infoirma-:i 

tion and support inq case studi es to determine the methods for!'supplying energy 

.".,, in its aporoori ate formns and locatLions in t,he aqricu~lturaI sec or 

!ii;'!-.;;::-i :Th is,primarily.informa ti onalI role ;woulId alIso ex tend. to fl onq-term research.- .,;:

USAID rsponsiility.he cenral ofices.ofS&T inWashingonhav both
 

.nd demonstration, especially demonstralion. While-many tech nolgies are ­

eqionso specc and not lobalhet cn tfriesfpqramtefiyn
a~t t
 

badst h co peortunpit oa s evalation of- aicnbili o
andce th 	 t o
 

.ivsof e asinythe suoa ofeegfyifr inulauraluse central
ar reahe 


ta
officei'lored, to focs tioseeo 	 achof tohef aoolicali­..	 s n ole r 


http:substitut.es


n the reqion the "qiun for 

bu still has .3 b)radr'er itr . roft ve . -va, labl:.- than '.;uld he found ti 

tthe lsi s of l,-vel 
Th-closer .ne nets-i to the mision lev el, t h'-etterthe ar<et fo rtech 

Slty i 	 IdeaII r fiIt ers:Door tInit- e s relevance, 

noloqy 	and services can be defined. Therefore, communiCat ions wifil he essen­

44ally circular -.iith e,ther the central offices informinq the users of avail­

able solutions to oroblems identified by the missions and regions; or, as is 

often the case, both oroolem and solution .are found in 'the field ad the role 

of the central office is to recognize oooortunities for reolicability. 

It is not the ourpose of this study to desiqn and assign functions for an
 

energy and agricultural orocram. Only a foundation has to be laid that ilus­

,rates the comolexity of the relitionshio betwaeen two UJSAIO areas of activity. 

Scientific sophistication, alonr, ait.h exoerience in the craft, need to be 

combined in attacking the limits on anricultural oroductiviry. A 'joint ven­

* 	 ture' between agricultural and enerQy orofessionals woula be heloful to brinq 

enerqy to the farn. Doing so.taos knowledqe and resources that are nat.ional 

and even global. T,e site-specific characteristics of the farm could benefit 

from the focussing of such resources on '.he typical circumstances of the 

African fartmer. That ,s the essential meacninq of the "Qlobal village." 
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Exhibit A
 

EVALjAT! NG EIEGY USAGE FOR 1RGATI3 ,"1AF ICA
 

This in-depth iIlustration of energy analysis for irriqation shows the
 

development of a orocedure for evaluating both indarect and direct enerqy
 

usaqe. It includes detailed data on the major enermy coiounents of irrima­

tion. Through the use of this procedure and the data presented, enerqy u!saqe
 

for different irrigation deslins is deternined. This exhi:)it sU,-xiarizes tih
 

important asoe,-Ls of energy 3nalysis Y thin a procedJure th~t is useful for
 

energy and aqricultural oroject olanning.
 



.....F,-A'-.L-: G -UA. Tr* 'IJEJ "F RR'.-'TTFNE f Ir' 
A-l Pva4o (i enern U ,F r r i !u t e '%iith a d f n 

[rt od c ion,1. de ri 

t i o irri tion in anAfricancontext. 

Ir i d o a e d f n d as :.the "artifficial1 coril rol nd d l v ry o 
. - weeIr. e to a crop.2 By conventional nder tandiq, Ihis involves ,nps motors,
 

;.:>,'
..d, :and other .irrfqation. hardw,-are, I real it y, irrioation oract ices: cani occur .at,'i{}!i; 

iiman Alevel;,,.sd of fa ng.us n i..
 
..A.St. dY erqY u q in rriqat ion throughout Afric -n ( co e 
 .. .... .... 

.:-":. ::"qat i"on-pract ices from the: subsi stence :level ?alItthe ",,,ayi up: 'throuqhi:comercial.-; 'i:!:

?;;:
.::: : .liev el:farm',ing. oract ices.': At theie"su bsi st'ence:" level-, iri qa t i on ipract{ices .con-i ...... 

,
 4 4 


;:;?,::...
: 'sist:: main ly. of, Wat~er; manag{eet :or conservat ion: techn iqu.-s thro6ugh mulching,:
 

gr.een mnruring (using the bound water in organic matter) 
 ad rainfal livr
 
Aneauinj nerqi inirriqat ionfor uyq hejn"udersoodthrhhe riustca-..:,.....sion.to. farmed croplandsl. a reini
The .energy.inputs.-are almfost ent~irely hijiahi labor:: 

ioneof irrisdanimaloninrrir - innutU being"iith draft enerq,/a nArcancctetfPossible wh4ere, environmientialodiin 
..
 

!ii']i']i
:' ,: and: Iard. availiabi lity perm it. On! the 'other end of the scale, are modernJr farm-

d-';M.;;
- .lnq. syst eros ,.hich .may .consi st of -a reservoi r: or qroundwatere ounC) extens ive ./ : :: 

ii7! s prinrklers, and o ther-enerq y intlenivie :i.i:ii:pi ni na,.no tors, 
 rriqati onl equipminent '. 

,{Aci(u !rehensive. examina t ion :.of enerriY LusaQe in-irriqa,,ion.will" oermi t ,," 

ev ia iqnr j cs ro rair or e~ plnin eff.......
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FIGURE A-I
 

MAJOR ENERGY INPUTS TO IRRIGATION
 

WATER RESOURCE DEVELOPMENT
 

9 Conservation
 
# Surface Water
 
s Ground Water
 

ENERGY RESOURCE
 
WATER MOTIVE ENERGY # Human
 

e Animal
 
* Pumping and/or a Fossil 

Lifting Energy e Wind/SolarI 
DISTRIBUTION SYSTEM
 

a Surface
 
* Sprinkler
 
e Trickle
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-orovides:,a con- i::1!
 

ce-ua analv is o.;f y usaq a ti'on. i;{qt.7 .
ene e:in7irr ii : A;is: subch shows t{h e enercy: :;7,+: 

EI S 0 T. .. - n-, < !<c!> nq e z-, ,1i-107:2i;!r ."- s,.7 n s i. ,. ev: s7 r : 

' 
'-'"v: " : " '"; * .' "' =,'" "9l = - '' -,] " 9 n9 , . ..' , ...d-t' , ., . snexh i t 4,es .-.ara.vsi s, ./raulre.d... t,Do0 so -,.hl:s 4 ,a a.....:...,:. 

-.. s! , anJ.' r,_a I.!/ zne o rt anc. o - n. c.r a n interr4!9,9u n , ... . 

........ T~l S S Irl , cr.~a r --. ,.r e . tD u, rz-co , ..
D C 7.Oe1 c ju, L I z tn-ouQnuh the rt .... 

:i':~ ri eva r, t imTes 'ee'ai 1s,are or-ovi de -on. the -neThods..us:e "to' c-v;;el-:o .er-er ,;: i : 

Iues. oe s fnerqy at o,,s eri aoi nou Tha. o,oex or a .u ar iorovid ho,,- t , 

'9, 9--. 9. ....
 

"•".;- .: .d eacnI Itlag e u, an..I sis,:b t direct and i diec neerav :,must -b :c~n. ::'•rl­

cieretu..!ass not anways one e r tiher r u hiticn ican'.s.sch &surf'y;
 

.w;, ,Vator. a ls r t i:u n s -s .qh no irt i 4s ired z ind ir t ,en r- Y,:;::.-.. t, I )U yste re no ,:)u real] th - r- •... 

co, ofr ima (if !n cons-ruct1., ,,o-ent a h it:-,..rF czu,, xr-oe ion a oc,,or eo.,inour.,tlo feeq cal.ulatin.aus s-e , to showt•he 

Pa c tt r a :--in r rr ,onor .je he 0taer-hant, irect,oreor y 'or";-,-r , 

~ 7e zqd d"-i roun e,.rkee, ,;.-": rl in' iu lie ,.,i _ ii rec, enOer- y'co s', o-O 

K';.~ r an~rce tr rietEe~ 

conm r On , t"c; r, , ..... ...d ad41 nr; 1 7 n.. 
and i ecn e. z , i r 1 , r sd = e zy t for't. ns, tsTh ' n hu i nowater,csrl;utijn systedi wne" nO rjurnpjnqis renu-" ireteidrc nr 

includesc euirpmetl rso n, aoncr an ,or 'in -n,ir..'c eni -r eLr ad3 
A,e'I;e r trie r,: nr' r, s .. ....umusa.."Srn o,i-o o r 71on th 

'7 ::lI¢' t ion, . .;,atI .--; 4 in '. - .....:b:!. .; 

.... i"nC. " r , pr..cts.
n cr C e f r ,""r 



A-6
 

required by a pumo, enqine, or motor. It is also that enerqy input from human 

and animal energy resources when they are used to pumD or carry water.
 

'aintenance and other related energy inouts may he considered either
 

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

purposes of this study.
 

WATER RESOURCE DEVELOPMENT 

Water Resource Development represents the first staqe of total enerqy 

analysis for irriqation. 

There are three principle methods of water resource development in 

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

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

o Surface Water Development. 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.
 

* 	Groundwater Development consists of boreholes, tube wells, shallow and
 
deep wells and all the equipment that is considered to be part of the
 
well.
 

Conservatiun is the water that is captured throuqh relatively low scale
 

disoersed develooment efforts. Several examples of water or moisture conser­

vatiun oractices are contained in Table A-i. Each method may require
 

considerable indirect enerqy inputs in the form of human, animnal, or
 

mechanized puwer.
 



>10 1STURE C0.1SER A71T IoiECH.N I lES	 , 

:-Ie- t hodescrilot 	 ion arid Puroose 

Run-Off Lnterceotion 	 Used on slooee land to retain ifi anid
 
reduce erosion. InvoIves intercep itinq
run-off
 
by making ridges, terraces, furrows, andsbasins
 
which run across the slooe. (Enerqy input for
 
construction .and maintenance.. ) n n
 

Run-O0 Farmi nq 	 The oract ice of concentrating' surface run-off 
for cultivaiion in desert 'and semi-desert, 
regions. Run-off. from catchnent basins is ,
direct.edonto farmed f:eds. 	Recen.. work has 
shown t.ha;.t areas with tota) annual ra'infallI of 
less than 100 rn'can be cultivated.*" 

Contour Seepage Furows 
 .	 SmalI ditchesf o l owing the contour I.evals 
across drainage areas to retain run-off and 
oermi tiincreased wat er seeoace and.nat ura I 
Istoraae as for' crazing. (Examole: dambos of
 
Zambia; .enerqy inout. is for furrow construction,
 
mainten'ance, and operation.)
 

Mulching 	 Placina material 
on the soil to su oress evaoo­
ration and 'conserve water within plant 's roo. 

u!zones. (Ener *..out.Pr-imariIy at, wlevel 
from human and animal ow',,er. IOTE: There is 
thepotential for an 'additional energy inout of. 
.ertili.zer when apoorooriate mulches, such as
 
dung, 'are 	 haoulied.)
'h , 

Other ;%ethods 	 Soil
',Ioisture T aos made of, thin pastic sheets 
with ial 	 bu.ie' D c dereorations
ep in the
 
soi,. i' '',
,,inicnh:)asses "hrouqh the sheet
is tr... ed. and e/aooration 

ee -the :a } .. experiod....... constr.[uction 'a'nd ma t~ieri als..' (Enerqy input. for~i~, 

Prooortions neeen catchientr 	area cultivated Area
nd .e- . must correc 


Source: Stern, Peter, Sm'al1 Scal' Ir riqak o no In,mt 	r di'a te-me o ITec no. q 
' ubIi a t ioni. "Loncon , 3 79. 

Inail t c r a o n o a t i c e dert-a nulr I ,oenerayeisctrequr edtn 


orthecunstruct4,n o,.channean Furrows It mnoortant to nt if he 

'- "S" ', 	 a 



,

curas t.rucion nerq, forat aura Ilevel because it represent;he, 

primary enerqy input to low scale water rasowrce development. 

.FurroW construction by axe arnd hoe reorsents relatively difficult human 

labor. For animal draft power, ittmay be compared to deo plowinq. ulcninq 

on the other hand, is easier. work which can he erformed by human labor or in 

combination with animals. 

In order• to quantify the indirect enerqy, one must determine values for
 

human and animal energy exoenditure. Determining the human and animal energq
 

inputs fur this work can be complex. Enerqy is recuired to nerform the work
 

and also to maintain the worker or animal. If the activity under study
 

requires a full day's labor, aoplyinq a daily enerqv exenditure rate is more
 

accurate than an isolated task fiqure. The daily enerqy exoenditure rate
 

includes energy for 
productive work, eat inn, rest, and other activities. It
 

does not include enerqy forl days not worked on the project beinq evaluated,
 

such as off-season maintenance.
 

.. 
 Human energy expended for diqqinq furrows is estimated to be 3500-4000 

kcal/day.* For mulching activities and for surface irriqation maintenance 

wo , aproximately 3000-3500 kcal/day are necessary.aFor ani l labor, aain 

on a'daily energy expenditure rate, 20,000-35,000 kcal/day are required to 

support a large farm animal sucn as an ox. The actual value varies accordinoj> 

to the strenuousness of the princioal activity. Rouiqh estimates such as theseQ 

for. human energy consumption are useful For co'mparisuns with other technolo'u," 

gi'es. In additiont.hey serve toupint out the direct relationship between 

work output and human energ'y exoenditure. 

*SeEhi .iC, "bit": C;, "Hma.Enr-Used4 :in. Aqril'U}turie,'t~}forf mo-raetiFSe 

"4 1 
S I :, .I ' 

" -' -41' ,. : ,Al. ; ; .% -''.4 
'
 

41 -4(, 1 ',''4 

.,ls 
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To determine the energy inout necessary to Derform spec if ic low techno­

loqy irrigat ion practices, daily enerqy exoenditures must meulitiolied by the. 

amount .. f ,e recuired t..,erfc jal.ib. Unfortunately,Yver: tt'eit~t a r' 

availo.e for ti,e. co,nstruct such a fjrrow, by nurnan or animal 

labor. 

enerzv 

Since it is a very s 1-1),i ar act ivity to ciowina, 

iout w Il be used tobbain a measure of the 

published draft animal' 

or ....ie 7 t h 

Set' inn the amount of w:Lk ecual to that requ ired to DtOi afielI ro­

vides the foilowin data on construct ing irricat ion furrows For mai ze.-

AnimaPower a- oxen-2 ears 
2 man-days 

TOTA 

329 ,0O00 al/"­
6 00.0 kcal/ha 

'<5",f kca/_-'I./. 

.Human Po.er 35 man-days 1 0,1 c h . 

In t arms of enercv- excented cr meter o, - ur t,ure.s above f""i wouo 

convert to 32.6 kca /meter 'ur anina Iower and 14 kcal/eter for human labor. 

. ..2 . .. 

* Data from Zimbabwe sho., tha.t: four oxen workino for 3.7 hours per hectare 
are required :o oiOwafie. Atoa .oOWer outout leel of 500 -attLr 
animal, alnd when a certa n amount of inefficiency is -oofl ed for anima Is 
workina in comoina, -on (70), 1--.2kh of e-ui valet animal work< 4siooi d 

t tne so. For nunmn Ilanr , wnc. can oriuce 70 " wta s -ofoower ovri i 

extnided Delod 17.7 man-hours would be requirer;. If worjrk is oerrormed at . 

.n averaqe. rf r' nours/man-day, t.e to.tal man-days reuired o I 
"nout 35 da . i a.n reriy xoen, zue rate of 0IO k<calc ay !,O 

1<cal/ha umhn erercy .ouic e r e CU re Th s cC)n,-,r es to an 'n~Iow noa 
4, t uexe~re of 125 OO kcal/,oay'whirh includes th nr-'i for one 
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Alternarte '.e thud fur Determininq Indirect Eneriy Costs 

Yeethodoluies for deterrnnrg indirect ener-Ly costs dffer Le: use )f the 

assumotions that. are required. -Determiration ,if indirect c.st '- ed on 

economics oroject and 'nanufacturing costs are difficult. because of the time 

value of money. As indirect energy may be significant to an analy/is, effort 

should be exoended to calculate accurate values. An alternate method for 

estimating indirect energy is to determine energy input as a function of the 

weight of material. 

ThL followinq table orovides indirect fixed enerqy valijes for cumrnon
 

material; on a megajoule (MJ) per unit kilogram bas ii. C,ne meqajoule is e,ual 

to 238.3 kcal of energy.
 

Table A-2
 

IDIRECT ENERGY/KG
 

Product Annual Fixed Enerqy
 
(MJ/kq-year) 

Steel 2.4
 
Al jminum 9.8
 
Brass 14.0
 
PVC 3.0
 
Polyethylene 16.0
 
Asbestos Cement .4
 

Concrete (ditches) .2
 
Excavation 91Fill .25 x ID
 
Ditching , Trenching .375 MJ/Wh-year
 

.75 MJ/,f-year (20 year life) 
1.5 Mj/m-year (10 year life) 

Pumps (electric) 6.8
 
PumOs (diesel) 4.5
 

Source: Pim=entel, David, Handbook of -nerqv Ut1ilization in Aqriculture. 

Based on these data, indirect energy cost oer pound or meter, as in the
 

case of earthwork, can be estimated. Then a project under review can be
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evaluated for indirect energy cost oer hectare irriqated by dividing total
 

indirect energy by the number of hectares irrigated to develoo an estimate of
 

- ener-qy/hectare. for clim:arison wihother values.-­

ror the Purouses ufthis reoort, eneroy deve-/loomenz cost s for s-urface anc 

groundwater resource develoomnen! wilbe based on Smerdon and Hiler's -6ork, 

summarized inTable A -3. It is oossible to utlize these esti41mates because, 

ingenerat, indirect eneray costs rleoresent a small oort"ion of the total 

annujal cost For oloerating and-- maintaining convent jonal irrigatio)n systems. 

i'able A-3 

INDIRET ENi1:RGY FOD 1.ATER RESOURJCE DEVELOP:-1ENT 

Surface '4ate-r Develo 17 , 000 kcaI /ha/e: - arI:omi 
Groundwater Dev.elooment V10,000 kcal/ha/ve~r 

'lAATER MO1T IV'E ENER~GY 

The second element of irrigation energy analysis dealswt eemnn 

the highest direct energy cost for any irri-zat Ion system: oumoinq enerl;y. 

Pumlping and/or Ilft ing energy is that energy reouired to move water from the 

source to the field and to orovide itlwith suffici'ent enercyl for diszribut ion. 
' cost - n -oera[ 

It isa combination of four main facos
 

1. The deoth or location of the resource,
 

Grudatr e41oen:: 10'' /ayer :• .
 
2. The amount of water to be transoorted, . i
 

.<- .$WATER-4, OTI E24ENk " -4 
.rThe ressure at which it must be deive-d, and H 

The efficiency with which the entoire effort is oereorme.
 

,ofthese facors is oroportiona t the total direct en-r, tna is
 

reured to orovide irr~i:in . <such, tnel canbe mathemathica'li c1nne
 

tn v. e amol,:t noeurg r l tvcjireJ fo quantt 

r y res u 'r "c uia7, 

ela the nd tineflrles.sce.. 


CIo"w2te, F r i r-,izt Dn. i~ n2 o u n fur-. c tne- e!7 

-S y I ,e­

'
 

2 
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separate manner, enerqy resources can be compared for substitutability. For
 

now, it is important to understand the factors which go into determining
 

pumping/lifting energy.
 

The depth or location of the resource refers to the elevation difference
 

between source and end use ooint. Water depths are dependent on 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/lifting energy required for irrigating. Because of the energy intensity
 

of the activity, groundwater pumping for irriqation, 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 to raise
 

water, surface water resources are much preferred over groundwater sources.
 

In a similar way to groundwater depth, the amount of irrigation water
 

that is 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/liftinq energy is 

the pressure which must be provided to distribute the water. This is a func­

tion of the design (f 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 distributiun system factors needed to assess the Dumping energy 

requirement of an irriqation sYstem. 
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The. last and most crucial comoonen deter-mini um Q'/ is the l 

efficiency ,Ith,nichthe j)u,-,po ccwvertts rnechinicail enerov ' hycIulic enn 

Deoendlna on tn--:socmscalc o o: the :)umo, err iciencieas u;-,, "Ir)'rQ-7
 

-s ment.ionedt,these racors can ;)e combined into one formula for deter­

mining oum.ing enerqy.
 

-umoing-energy (required by the oumo)
 
conversion factor depending on the units used
 

A= area irrigated
 
0 =net deoth of irrigation


(A X9 =totaI voIume of water to be oumoed) 

H= oumoing head or the sum of elevation difference, ooerarinq
 
pressure, friction, and other minor losses
 

'i =irrigation eff-iciency or a~olication efFiciency of the
 
distribution system
 

Ep = oumoino f
efficiency (specifically of the :'um)
 

In order to -show how an analysis of direct oumoing enerqy can be oer­

formed, specific data on common pump tyoes and ooerazing efficiencies are 

necessary. In addition, it is essential to cons4ier the various tyoes of 

distribution systems to orovide factors for irrigation efficiency (7-i) and the 

pressure requi remnent portion of the total head variable (H) for the pumoinq 

energy equation. 

Pumping Eflficiency. 

ne? operaci geiiency o an IrI1ation po is a fuctnoin tne 

dasumosnAm.. Co merc aly a )aOle ale.adesige1-:am 

Iso c c ranqEfs Dumo ng voiuesa iiorIessures 2rnumo1 c%u. ar e3i 

condit ions these ranaes may not be follo.,ed. Values cin be or.maed for 
r 4icienry b en ou des .i.naP'a IIt.e T,.uested or man ic­ff~c~n'~s i~ed~ture clifled an asl'y bu~e intr.fAavI ,~ a 

* A i~ A <A 

A'L 
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contain a list inq of irriqat ion pumps found in developing countries. Rdnqes 

for pump efficiencies have been presented.
 

Table A-4
 

PUMP/,OTOR EFFICIENCIES 

Eneriy Source Pump or Equipment Efficiency/Notes 

Mlan Hoe and Shovel * Uo divert 
surface water) 

Beam and Bucket 	 * 
The Indian "Dal" 	 * 
Archemedean Screw 	 60% 
Chain Pumo 	 * 
Bucket PumO 	 40-50% 
Reciprocating 	Pump 40-50%
 
New 46 Hand Pump 	 60% (Banqladesh)
 
Semi-Rotary Pump 50-60%
 

Animal 	 Persian Wheel 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% Hiqh Head 20m
 
on iystem 	 Jack Pump
 
desiqn) Proqressing Cavity 60-70%
 

* Field or manufacturer estimates not. available. 

DISTRIBUTION SYSTE;.1
 

The distribution system represents the third element of energy analysis
 

for irrigation. It refers to the field water conveyance system which takes
 

water from the pump, in the case of a pressurized or qroundwater irriqation 

system, ur from the surface water resource girect ly, and aoplies it to the 

Cruo. The eff ciency with which it delivers the water to the croo and the 

Dressures that may be required imnact siqnificant lv un the amount of direct 

ump rinq enerq.y 	 reau ired. 



Tne foI Iowino tbI e 

nomn a11 disLrut ,on Ff 

A -S tr i DItun 

~en c es our irmon 

Syst'em Efficiencyborov des 

reld irr qat 1on s tefs 

~AAAA 

', 

Distribution System 

Su face, Unimloroved, Lraditional even.I Ie ve 
(covers small field furroi,.and 
earthen distribution channels) 

Surrace, Improv)ed and leveled 
(human , kcal/haJn/vr)5:000 

Surface ,with ,IRRS* (deve*(oedl raem)e 

Sor ink IerCenter Pivot . 'K 
Hand oe Sorink er A 

rio or Trickle 

Effic i n cy 

50% 

70. 

09c 
.. 75. , 

75,0 

W 590% 

' . ' 

irrigation Run-off Recover-y Syste-n..' 

'[ 

OPeratino oressure rePres ernt an enera/ cornoonent of oumoing ecual 

siqniricaoce to that.required due to the aeoth of a resource, i fact*, 
idistribution system oressure can be converted into an equivalent. amount 

in 

off 

.A'. ' , 9? ; : , ; : ,' 

. .. . . ....water deoth by thefoIlow,'n sinne relaton. 

Pressure 

Head --------------­ 7( q a j n 2 
Densitv of Water(qatin2 

Fur head. in feet ar'o oressure in ''udsper ;nujare inch: 

. Head (ft) 2.31, x Pressure (oDsi)A<A 

LC0oIVerSio10 cor 
(o2 .4 )'bsf f LI 

'idk1,ecd''I 
. 

dens 
';. 

si wf-.ter' 
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Tnerefjre, 50 psi is equal tu 116 feet uf qroundwater lift enerqy. 

Caiculiations demonstrate that the oressure requ're:et for ',;ed .1Iribition 

systems Is energy costly. There are other factors . as ocerablW~y, 

reliability, and controi asoects nhich may serve to balance The negative 

energy aspects of highly pressurized distribution systems. 

Table A-6 provides approximate values of the oressure reiuired by certain
 

common field irrigation systems.
 

Table A-6
 

IRRIGATIO-N SYSTE!4 PRESSURES 

Equivalent Head
 

System Psi (Ft. of 4ater)
 

Surface, Unimoroved 0 0 
Surface, w/gated oipe 8-10 20 
Sprinkler - Low Pressure 15-30 30-70 

Medium Pressure 30-75 '2-170
 

DriD or Trickle 30-60 70-140
 

In addition to the design asoects which imoact the direct energy needed
 

for pumping, there are indirect energy requirements for distribution systems
 

that should be included in total energy inout figures. Indirect enerqy is
 

from material, construction, and installation energy costs. These refer
 

mainly to pipinq, sprinklers, nozzles, and ea-then furrows. The ,ncirect
 

costs for field distribution relate to the fie'd irriqation system itself and,
 

except for field earthen irrigation furrows, they should not be confused with
 

the indirect energy required for surface Nater develooment on the large scale.
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Table A 7 summarizes the eeray required to'manufacture and install 

certain common irria-,t:on distribution systems. 

3, 

AN1UAL FIXEDO EiNE?.GY !NPUTS IN KCAL X 10 /HA/,YR RIC:7jiR 0 
OP A TIO 0!FERPIT 'IGATIONWE PIST 'L OF TYPES OF I EQU-I? E: 

- Manufacture. of wo
 

Irrigat4,on 'lanufacture Pipe and Other Leveling and
 
System 'ofPumo Equioment ,itch,na Total
 

i 5 78.8 .3Surface 15.7 1.5 !11 
- - 291.1 - -Surface !ith I RS i 162''7 195. 79.3 

Hoznd Moved Sorinkler .20.3 163.8 3.3 192,.4 
17.7 97 5 .5 13.4 '006.6Ti-ckle 


a use of . /day. 
2 I..RS iriation runoff return system. - ' . . : 

e3trickle system is designed for a oermanenr orchard croo. 
Source: 'Smerdon and Hi'ler 

These ind'irect .nerQy cost.s ar c-.sidered ina total energy ca Culati0n at
 

,the conclusion of this reoort.
 

1 Systems are desic'fid to meet peak wa, er r'ate .34 . il 

Pump inq Enervy Calculat ion 

For the ourooses o -Ieerm direct oumoir, ds "ninq the erey for nu 

: -tion sv stem pressure an irrigation efficienc ies cn be obtained from Tables
 

A-5 and A-6." These factors can be combned wih Dumo efiC InC I valis and
 

4'4-4-1'oumoing ener'qy estimated. 

As an f ixinq the amount of wat er '3e~:uo~ OO mnm/a/yr,' 

4it. a ,ro)un.- :t.er d,oth orf' 2 ers a t radilionai s irri'at ion systern > 

ir.qat 4on e cand a efic ency of 

-40 'iO , D o6 Us~na ~jr] . 

CI r, ur er ,oorss nu-i, 

t'' t n1 I~rcie'tn- fIlu*i),na c~lcul 

http:EiNE?.GY
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Deoth of Irriqat ion (r)) .5 i 
Area Irririat ion (i) 10,000 mn? 
Head (water denth) 2 in 
Irriqat ion Efficiency (Ei) .5 
Pump inq EfficIency (Er) .6 

1000 kq/fni3 
Conversion Factor (K) = ---------------­

426.9 kq.mi/kcal 

1000 kq/i,3_ 170,o000 m2)( 2
Pu..pinq Energy- .--------------- X---------------------- 73,082 kcal 

P n9 L26.kq.mn/kcajj (.5) (.6) 

As one can see, any factor in the equation can affect the reguiired amount 

of oumoinq enery. The choice of ouno or irriqation distribution system can 

have a narked effect. on the pumninq enerqy requirement. Equipment desiqn is 

often dictated by the water resource location or the enerqy source itself.
 

This simple calculation Drovides an illustration of the kind of analysis that
 

can be made to determine oumoina energy requirements as a function of system 

component design and water and enerqy resource. 

This enerqv ciculation is needed to Drovide an ,ndication of the amount 

of eneray demianded from different nower inout s. The Dower input can be human, 

dinli-ial, fossil fuel (e.q., diesel or qasoline), electric, wind, solar, or even 

hiomass. The irriqation requirements and location of the water resource are 

major determinants to what enerqy sojrce is aoplied. A brief analysi of the 

different enerqy sources available in Africa will aid in assessino the substi­

tutability of one resource for another. 

Enerqy So)urces 

cach ower source h.,,s its own efficiencv fir conver;ion of enerriv from 

one enerq', Form to another. The use of a cunversion efficiencv in the saine 

C)
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Table A-8
 

EN1ERGY COJNVERSIOi EFFICIE,CIES FOR 'IAR[OU TECHNOLGIES 

Conversion
 
outive Puwer Efficiency Notes
 

Human (food/mechanical energy) 20% 	 By task, not includinq

maintenance enerqy
 

14% By day*
 

Animal (food/mechanical energy) 10% 	 By (Jay**
 

Motors (electrical/electrical)
 
Brushless DC 67-72% 	 Ootilium Efficiency for
 

units rated under.7 kw
 

Standard DC 75-82%
 
AC Motor 30-35% Generally for units
 

rated under .7 kw
 

Enqines (thermal/mechanical)
 
Diese 25% manufacturer claimed 
Diesel 10-15% Field estimates*** 
Gasoline 20-30%, manufacturer claimed 
Kerosene 3-5% 
Other Fuel, Biomass 5% 

Solar (sunlight/electricity) 8-10% 	 Electric to oumo by
 
small DC conversion
 

'Hind (wind/mechanical) 9% 	 PumD Wind Turbine
 
Combined
 

* (70 kcal/hr outout x 3 hours)/(4000 kcal/day input) = 14'
 

** (375 kcal/hr output x 3 hours)/(30,COO kcal/day) 	= 10%
 

* Halcrow, W. and Partners, Small Scale Solar Powered P'vnoinq Systems: The
 
Technoloay, Its Economics and Avancement, The '.orld 	3ank, London, June 
1933. Section 3.1.2.
 

NOTE: Efficiencies for motors, diesel enqines, solar, and wind technologies 
are from Halcrow, W. and Partners. Human and animal values are
 
calculated as noted.
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Solar electric energy, for convert inn suil iht to electricity for numo­

inq, is almost ent ireiy ,ndirect ,c.aIltdl Costs. These can he converted to 

annualizel life cycle values fur comnoarlso1- with conventiunal fuels. In a 

sinilar ranner, the canit-al enerqy invested in wind oower equinment can be 

dealt with on a life cycle basis. Comoarisons on a life cycle hasis can he 

nerformed in economic terms. At the oresent stage of aonlication of these two 

technologies, economical comoarisons with other fuels are most often applied. 

To make accurate and reliable estimates, however, information on system life 

arid maintenance requirements must be obtained. Information such as this is 

not readily available from independent sources. 

Figure A-2 makes an attemot at such comparisons. In economic evaluations
 

of energy, the time value of enerqy resources must also be considered. Also,
 

energy subsidies of different fuels or other resources may be very difficult.
 

to isolate so that fair energy comparisons can be performed. Still, the graph
 

does show evid&.,ce that energy resources nay be iubstitutable at small energy
 

requirement level s. 

There are other factors to be considered when evaluatinq solar or wind 

tecnnoloqies. For solar electric, the physical size of an array -nay result in 

lost firmnq area. Wind enerqy resources must be considered for their relia­

bility and availability. These factors are technoloqv and location soecific 

and subsequently cannot be dealt with in adeauate detail in this exhibit. 

Total Direct and Indirect Enerqy - Three Examoles
 

The three staqes of analysis orovide i format for esti'natinq the total 

1rid rect and Iirect enerqy in[luts for .rriat ,on. These are mnade on Of 

,e .jure ~U.velorient Efer ,/, orim ri y n ir.ct r, j,; ',-Liter ",ut ve Fmerlrv o)r 

calcuiatlurns Ij determine 'u, inq enmern y; rmi,-11)st r i ut lun Enerly, h'jith direct 



-- 

Figure A-2 
EFFECT OF REDUCED PV SOLAR PUMPING SYSTEM CAPITAL COSTS


IN COMPARISON WITH ALTERNATIVES AS A FUNCTION OF STATIC LIFT 
(Baseline Irrigation Scenario--No Storage)
 

40 
 Human Animal 

3O 
Solar Piped Distribution System: 

_ -_ /..... . Wind Pre:sent Cost 

Diesel high 
1' 

I 

u4 
 20 

II 
 JSolar Channel Distribution System: Ij
 

Pu t~llt ial LostDiesel low
 

10 Note: 

- _- 1. Solar chanul present more 
expensive Lhn sol r piped

L--

present and not shown. 

2. Solar piped target and potential
0 -____._ore 
expensive than channel and0 5 10 15 
 20 not shown. 

Static Lift (m) 

This figure is the product of an in-depth evaluation of solar pumping for irrigation performed by
Sir William Halcrow and Partners entitled Small Scale Solar Powered Pum)inl Systems: The Technoloqy,Its Economics and Advancement, Main Report-ith ITDG, ­ a,Londn. June- 3 Testudycompared both a best and worst case dieselfunpi g unit (high and low efficiency, respectively) tosolar, wind, animal, and human pumping technologies. Solar pumping was co,nsidered at a present cost
I'l 1d , t , aidn(I o lt jl uni trn we fon two di r~Inhil lulli 4ysh inn. 
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and indirect. List ly, a senarate, hut technicallY related, analysis of the 

apol ied Enerqy Resource will permit a tut l energy analvs is, snecific for the 

enerqv resource, to ne oerformed for a variety of irriqitlun ;,/st ems. Th L 

following example of irrigat ion energy analysis for three level; of farminq
 

deve lopmient demunst rates the format and the rel at ve iinact s 
 of id i rect and 

direct energy on irriqation. 

Example One: Subsistence
 

Irrigation Dractices are limited to labor 
 intensive moisture conservation
 

practices (water management) or in certain areas, small scale rainfall diver­

sion work throuqh the construction of furrows. A total enerq.y inrut analysis 

must concentrate on the labor enerqy innuts from human, animal, or mechanized 

oower. Data have been orovided on human and animal enermy expenditure to show 

a method of est imat inq this enerqy i nut. The amount of water that is
 

actually collected and the amount of energy that is exoended are related to
 

the size of the effort and the environment of the site. Unfortunately, very 

little data are available on this matter. Fur an in-depth energy analysis of 

subsistence 
level irrigation practices, data must be acquired on the work per­

formed, the amount of water cantured, and finally, the increase in oroducti­

vity associated with the irriqation pract ice. 

Fur examole, a farmer Tnay construct furrows to divert water from a catch­

ment land 
area. If he oxoends an amount of enerqv equal to that of o lowinq a 

field, he will invest an estiimated 1,10,000 kcal/na/Yr. If that diversion 

effort suDnlies an additional 2-0 !rm of rirn to his two hectare field, he will 

narkahly increase his yiel,. The incr,.s, in v ield car - e st it.a ,-d, but the 

amount of delivered wat er miA e 1,1-tr,iirnt,,! on a soecifci )r: .iect h.) is,. 

Genera I Iy , a o lv inq hjra3r and nim 1 ener, to ro r, , cojn erva t on 'M r oro­
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vides increased nioisture to a olant with relatively small enerqy exoenditures. 

In the best case, ,furrow irrj2i ' on s,/stems on smallI lot s can be f:ei 1:1-m 

race waLerresources.u . develooeo n a .rqer scale, 

.ir.ct enerav inouts:at this level are For maintenance and ooerat ion by 

human and animal labor, They are assumed to be small comPared to the indirect 

energy for construction. 

q;Kamo e TwO: Transitional
 

A transiti Ievel examole of total energy analysis involves both 

direct and indirect energies. A farm which irrigat's using some method of 

pumoinq requires energy to acquire the pumo, construct the well an irbu 

onsystem, and ooerate the oumo. Th orevious examole of an irrica-ion 

system involvin g 500 mm o water/ha/yr,, a groundwater deoth of 2 mete-u, a 

traditional earthen furrow distribution system, and a pump efficiency -f 60 

oercent resulted in a direct pumoing energy of 78,082 kcal. This dir=:t 

energy combines with indirect energy for the construction of the furr-s (by 

animal power) and the energy to d-rill and eouio the well to given a tot.al 
,..-.:energy input .figure, -., the oumo, .as. shown in •Table -A-9, 

3 Table A-9 

4.3 3 3-3-3 4,TR.ANSIT[10NAL' FAR,'-I [PRRIGATI0OI EfNERGY *4 

Indirect Eneroy (cal/ha/yr) Direct Enerqy (kcal/ha/yr) Total
 

• Irrigation System .nergy to Drill Pumpinq E'ergy
 
Construction nerry and Equip Well . ...
 

32-,000- 100'00- 78,082 (at ou'no) 5040.2 

sLidma t ed. rom daa-i 

4 "iihbeA1direct ener~iy can be supol ied by-at -- two reasonable means,The least 

33animal 
 and diesel 'uel, As calated earlier in the discussion on EnerQy 3 
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Resource 3na lys s, the pumo inrg energy .rromn diesel fuel '-,ould aoorox iniate 

520,000 cal. The food enerqy necessary for usinq aiiinial :.oer vould be 

.. approximately 1,320,000 kca. The totals of direct and indirect enerqy are 

shown in Table A-10. 

Table A-10 

TTLENERGY FOR TRANSITI0NAL FAQ-1 RirectTota
 
.... FEnergy Source Indirect -Direct Total " : ii
 

Diesel 426,000 520,000 946,000 kcal
 

Animal 426,000 1,320,000 1,746,000 k<cal
 

* Estimated from data in Table A-i 

resources.
This comparison of enerqy sources can be oerformed fpr other 

The pump calculations may need to be modified to reflect specific operating
 

This brief example
efficiencies of equipment, relative to the energy source. 

apoints out the calculations and relationships among enerqy input factors for 


relatively low enerqy irrigation project. More comorehensive analysis can be.
 

best illustrated by examining a commercial scale irrigation system.
 

Example Three: Conmiercial or Develoced Scale 

Data are provided inTable A-1l on a developed irriqation system. Total 

input as a.functio of the type of distribution system is presented.energy 

In this analysis, as in the previous example, it is necessary.to fix certain 

parameters. Here, a net irrigation of 1000 mm/ha/yr is chosen. Two different
 

water resources are considered, one
{V from surface water and the other from 

groundwater at a depth of 50 meters. Also, purpin erergy is calculated usinq 

a pump efficiency of 70 percent, arid a pump. power unit, (diesel engine) effi­

ciency of 26.4 percent, Combining pump and driver efficiency inone term (,7
 

x .264 185), results in a.direct energy figure in terms of the energy 

:# " %%; "-.; , rU.1 
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source appIi ed. Though 'this method loses the distincti'on of spec'ific pumpinq 

energy, it is useful khen compa r inq different designs for their affect on the 

amount, of energy resource that is required.'2K 

A graphical representation of the total energy requirementsfor diffeent
 

irrigation systemns is summarized in Figure A-3. It. is .sefu for making 

geerl c€mpar ss,among common irrigation systems 'using the fixed factors 

for pumping efficiency and the< same energy source. ,, 

Summary
 

- These examples begin to show the process of evaluating energy,usage foi­

irrigation. Indirect-and direct energy cost's must be quan~tified for the total
 

' 	 energy required to develop the water resource. From past studies of the rela­

tive amounts of energy needed for developing surface and groundwater resoures,"--;
 

it is apparent that groundwater requires much more indirect development energy
 

. ; than does surface water. 

"K next stage of analysis concerns the 'amount of energy that isrequired 

to move the water. Pumpi'ng/liftaing energy, as it has been referred to, is a , 

function of several specific factors; the depth of the resource, the amount of 

water needed for irrigation, the pressure-at which' itmust be delivered and 

finally, the system' through which it is delivered.
 

'The 


There are a number of different distribution systems. The two most. 

important factors relarted to distribution of energy input. are the required 

' pperating pressure and the effic iency at which water is applied. ,*, .-


Using estimates for the-above' factors, one can approximate the amount, of
 

pumping energy required f'jr a given irrigat'ion requirementr This pumping 

energy can be ' upplied by a cert a in number of apo roo r ia te energy resou rces. 

Coprnteeresources truha separate analysis provides the enryor 

CC.CC 	 !i~ 
'VJ -' .	 ''"''C 
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agricultural project planner with infurmation about the substitutao Iity of
 

energy resources. Summinq these fact,.rs yields values on the total enerqy
 

inputs for any soecific irrigation Droject or nrugram.
 

The basic conclusions of this illustrative analysis are that indirect and
 

direct energy costs for irrigation systems can be aDplied in a method that is
 

useful for irrigation energy analysis. In addition, the primary enerqy
 

comoonents for irriqation can be used to show the imoact of various irriqation
 

design decisions on total energy usaqe. This has been briefly shown in the
 

examp es.
 

In qeneral, the amount of energy that is required for irrigation is first
 

dependent on the scale of development of the farm irriqation system and
 

secondly on the location of the water resource. Table A-12 provides a
 

comparison of the energy required for irrigation amonq different Drojects for
 

the three major levels of agricultural develooment.
 

Table A-12
 

COMPARISON OF TRADITI7Q;AL, TRANJSITIONAL AND COMMERCIAL IRRIGATION PROJECTS* 

Amount of Enerqy
 

Irrigation Irrigation/ Energy Use/ha
 
Project Activity ha/yr Source (kcal)
 

Traditional Construction of run-off 200 mm Human 140,000 

- ,qater manage- and irriqation furrows 
ment Dy run­
off diversion 

Transitional Construction of well and 500 mm Animal 1,746,000
 
Diesel 946,000- Shal low qround- distribution systems, 


water oumpinq qeil and pump equipment,
 
to earthen Dumoinq enerqy.
 
furrow Jistri-

Dut ,on
 
(2;ieters depth)
 

* Estimated from Table A-il 

http:fact,.rs
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Exhibit R
 

PROPOSED MODULES FOR AnoITIONAL USES 

Just as a desion qoal of some 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 defininq the relations
 

between agriculture and energy should follow the course of answerinq questions
 

which arise as a potential user carries out. a given objective. Fiqure ,-I
 

anticipates functions and audiences for the work presented here. The
 

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

Basic Enerqy Accountinq: Module #i
 

One group, orofessional energy analysts, seek the most comprehensive dat.a
 

and analysis possible with the objective of constructing archives of use for
 

the broadest qroup of users. Their work results in a form of enerqy budgeting
 

which serves a host of functions. The collection and completion of a data
 

base is almost an end in itself for the ends are so diverse that a broad and 

comprehensive data set is constructed with little or no soecialization of 

function. 

This aoproach is rather common because, in a relatively nrew field, the
 

management objectives are often ill defined. Thus, both direct enerqy con­

sumed, such as diesel fuel, and indirect enerqy, such as that associated with 

the oruductiun of a fertilizer, are completely included in the accounting. 

Furthermore, the boundaries surroundinq the system under invest iqat ion may be 

quite oroad, including the fuel consulemer; in the hzhiD that ,as used to i0loort 

the fertilizer. 



'a.lF e #i 1 ; 
PPOSED DEVELOPI,'iN OF i'O0OULES, FOR FURTHER 

0 RELATIOiNS BhENAGRICULTURE AND ENEPGY.!DEL INEA TIN G THE 

,Energy Ener'gy nltcl~A~rc~~
 

Inputs Budget! Format Output: :7 
 ili.{ii)
Accounting, 1:,
 

: Ana yt ca fi r i:cu 1tw>Modul 1 
{ ......,I .I .... , , ? '.,.. .. <I .. ..............
 

Pr og 1'3Pro'grams Technology #
4
 
#2
 

Price/Financial 'R.D R D 
Poiy '-2A Techn icalI AicuIturalI 

Program #4Practices# 

AG PROJECT DESIGN AND ISSUES 

ENERG PROJECT r~i G1 DIS1'E 

a, I 

RURADEELOPNt PRJCT DESI1GN AN~D !SSIJES ,a,-a 
a
 
1 



JtaenAn trpc~cefnesfnii(r hiu ndar ies a tnhe use uf 
ntro in.r.o oide a more r 

', 11 d~ r roe pvdad 1eidrect. energy inuch morelnirrwIy n 


expeisive mneans Jcllcnq1td ihumsednq the tarqeted qrouo of,
 

users Standard values are used to reduce the analysis that localized and "
 

custom surveys entailI These trade offs are~ soecified in the text
 

For its'completion Module l should now include at least a cash croo and 

another co6untry to ensure that the format iscomnrehensive k 
:: A, A,:: -¢ , : yr 1\ : : ' L ; , - 2 ¢ ¢ 2 , - : ; ' : 

. . . . . . .. .. .. iA ' i 

ta t ional Enerqy Proqrams: Module 42 

The next. step inthe development of analytical proceduires is'to ink th 

project' level analysis of this. document with the natioinal conseauences~of a 

project. '.lust projects are undertaken with the notion of ,expanded replicahi­

lity such that. consequences of that project would be imoortant reqionally or 

nationally. Under tnesc condit ions where national imoact is to be expected, 

the consequences for. the availability of the cor?ct form of fuel, its infra­

structure for distribution, anid its balance of roayment's impact should be 

known. Energy supol'ies have a lonq lead timie inmany cases and national 

planners should have advance notice .of ,shifts in location. anid ty.,pes of demand. 

Duringqdiscussions undertaken to assess user needs, the national level 

concerns beca-ne para-mount because the success of~aqricultural :rojects often' 

requires national attention fromn the Ministries of Planninq, 'Finance and' 
¢ :: , i A { ) ! , ,< ' : A' 'A 

Environment, as well as from the %inistry of Aqriculture. Thus, hen the 

project level designers claim national imoortance for their oroject, the 

al interest. drnst nergy i lication are of soecit, Often the ecolroqic3a conth 

C' 'dealing with long term productivity of the soil are of interest .as well. 


'Furthermure, since, foreiqn exchange is usually a naIor concern, it; a Ilo-
"""An -:: 'e -:f i ::;; ......... A''e:o 


cation to the production of food for domest'ic use requires justification
 

:,A " 
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1. ~V~~-~-. , 'VModiiIiations an interoretat ns of the results of the analysis provided here 
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S systems and, energy~roes wil no rdinari ly have a background in 

agiutr.The activity ofcosiqroaeet rsbttt uelsA hr ­

fore, isonie of fostering communicat'ion aogdfentdisciplines. 

The format accomplishes this by identifying alternative modes and sources 

Of orovidirq energy as well as matchinq them to a variety of aqricultliral. 

circumstances. The dat~a base that would be used for this moduile would have"
 

the additional benefit of encouraging energy analyst.s to< report, their findings
 

from research and pilot efforts -incomparable t:erms, meaningful to agricul­

tural Droject. designers.
 

AThe interaction between energy anialyst~s and agrictilturist.s may result. in
 

benefits similar to those between forestry and agriculture where, for example,
 

.' agro-forestry solutions t~o competition for arable land may provide common
 

9.. ground on which tradeoffs can be made. Nitrogen fixing trees can have a
 

symbiotic relationship that.,improves the yield of crops as' a substit.ute for
 

the use of commercial energy inagriculture as well as for fuelwood. Another
 

* example isthe tradeoff for the use of agricultural residues for combustioni
 

energy, when they might have a more productive use as fodder or for water
 

management. Fuelwood projects might free agricultural residuals for better
 

uses 'then combustion, 

A Substitutability also aoplies t~o such replacement fuels as palm oil for 

-n-diesel. 
 The format. also may show that. a human to animal to mechanical device
 

progression is possible, but it. is not. simply a move to modernization that
 

follows a setipath. Even though the Progression might., for qood reason, be, 

interrupted and fixed at a Part icular chase, there is room -for improvemfent 

within t.he limits of the form of enerqy used. Oxen may provide the qr~eatest 

possible source of energy that a farmner will ever see. Or human labor may be 
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or af t er ra infIfall resjit s inl -Tu rrduc tiv1 atn rother t ipes ~ oer and :<y 

lonqer irriqat ion rnu!i 1nq thIan current orac ic-s qhicn arise fromnai 3ari ty, 

7 ' ith diesel 018wer would enable -,ore use Of., sunI iaht over thle' day. Th is nay 

"'make substituti on posbl.tn addition, there are ways to avoid deeo pIowinq 

during certain years and, thereb , permit the use of different 'enerqy forms 

and agricultural eq~uipment . Furthermore, in the cateqories of farmns which 'are 

inthe non-cash economy, energy analysis, mnay be thebest. means to cimoare 

efficiency of different practices.9 

-. .. In sum, when workinq toqether, enerqy and aqricultural specialists can 

create alternative modes for increasing yield which would not appea withou't 

cose comUmnicat ion. Economic ahalysis would lead to the best of the known 

options; enerqj analysis should stimulate and create new options. 

The results which can be expected from the forms of enerqy analysis .t 

proposed throughout this report are a stronq ,orkinq relationship between 

.ricultural dproject desiners an well as an improvement in rural 

development Plans ,-which can include the integrated needs of agricultural 

develooment with that of the delivery of energy Supplies and services. 

Unfortunately, these results cannot all be promised immediately. This 

report wds -,,ritten L i illustrate how energy analysis could be of use. Data 

have to be gathered, dnd means to investigate and analyze different cateqories 

of farmis have to be created'. In the work below, the use of microcomputers is 

discussed as a means of 'renderinq energy analysis practical and economical. 

rreasons forintroducin the icrocomouter as 

an ai i nthepoces of nderst ani qand ,pply/i nq the approach taken in this 

report. The first is to clarify. the loqicdof the approach to project evalua-. 
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Exhibit E W i' 

ZIM5 E TRIP "PORT 

(21 November 1933 13 D)ecember 193~3) 

24 November Arrival in Harare. 

25 November Intervoiew with Mr. D. Melizer (SAID"Mission inHarare). 

-General information 
Zimbabwe. 

on maize cultivation orocedure in 

-List of people to .contact 
production. 

indifferent sector of maize 

i: (;:: 

Interview with Mr. J. F. Douse (Grain Snecialist, Deoartment 

Research and Specialistic Service, Ministry of Aqriculture). 
-Characteristics iof maize p6roduction, incommunal aa,:,::r/ 

of 

{-:-:; i 

-ommecial farms, and state 
lpeverlsof-poduct ivity. 

farms. Energy used at different 

2Enos M. Shumba (Agronomy Institute, 
Department of Research and Specialistic Ser-vice, Ministry of 
Agriculture). 

. Discussion on draft animals and cropoing systeis in cdmmunal 

areas -- methods of improvinq draft animals' oerformances. 

29 November 
- :: 

Contacted Hr. Neighbour (Deoartment -of Aqricultural, Technical 

and Extension Services [Agritex Maps Office]) 

- Information on natural reqions and farminq areas of Zimbabwe. 

Interview with A. H. (Rob) MacGreqor (Aqritex Senior Form. 

-anqqement Soecialist). 

Data 
with 

on step-by-step maize productionwith draft animals and 

100% tractor draft power. 

30 November Contacted Mr. Peter 'ivy (feouty Director, Technical Branch of A, 

more iurmatior on maize oroduction procedure in Zimbabw
e . 

*~'2 

Interview wdith Mr, Allan Rowe (Research Aqronumist, University
of Zimbabwe, Crop Science Deoartment). 

Dscussion ,on~growth staqes of maize, soil, preparat ion 
techniques, fertilization, irrigation weed and oest control 
for Maize Information and the G113 (Grain MarketBor)

A} 

i! 

1 

j 
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