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I. INTRODUCTION-


Scope of Problem
 

Cne of the biggest challenges today is the necessi.y to feed the
burgeoning world population. 
This will require future increases in food
production if only to maintain the present less-than-adequate nutritional
levels. 
As population increases, arable land per capita decreases.
Additional energy will be 
needed not only in production agriculture to augment
crop yields but in the entire food system from farm gate to food plate.
 

Energy is clearly a fundamental requirement of food production and takes
many forms. It is 
embodied in sunlight for photosynthesis, the soil in fungi
and bacterial populations, mechanical and human labor. 
 The fact that fossil
energy has helped mankind manipulate ecosystems thus contributing to higher
living standards is well-documented. 
 (Stout; Pimental; Leach; Fluck and
 
Baird; etc.)
 

The substitution of fossil fuels for organic and animate energy in the
West and the explosion of reen Revolution 

to 

4-ecnclog.es contributed direct yraising the produc tivity of land and labor. 
This enabled a di.indLInagrarian pcpaiation to feed a gr3zwinz urban ane. These charges,ere
predicated on the use of cheap fossil fuels. 

Energr can be difficult or expensive to supply as many countries strugglewith fuel import deficits while concurrently facing the vagaries of world
market price fluctuations for their exports, often agricultural commodities.Even though world oil prices have regressed in recent years, many developing
countries pay higher real prices for petrolexm, as their currencies weaken in
relationship 
to the U.S. dollar. (For example, between January and June 1983,
when international oil prices around the world were dropping and OPEC's
solidarity on price floors weakening, domestic prices for petroleum actually
rose 14 percent in Xorocco due to the dirham dealuation against the dollar, 
w ich oil orices are denominated.in AID CDSS for _.oroco, Y 6)Q9 


Some authors caution that modernization of the agricultural sector indeveloping countries is now threatened by the high cost of imported oil
products to suoort irrigation orojects, fertilizers, and 
 farm machinery.
There is evidence that food production has been severely curtailed due to thelack of energy-related farm innruts. For example, India alone is widelyreported 
to have lost 10 millic.n tons 
of grain through the lack of fertilizers

(from Leach, Energy and Food Production, cited in Mohr). 

The majority of agricultural producers in the developing world rely onhuman and animal energy and low orcductivity technology. The increasedscarcity and rapid price increases of purchased energy inputs limits theconversion of meny farmers to their use. At the same time, the ruralpopulation is depleting traditicral sources of energy, primarily fueiwoodagricultural wastes, due to land 
and 

clearing for cultivation and for cookingfuels. These combined conditions are thwarting the Third World's objectivesof increasing food production for indigenous population as well as for exports
and foreign exchange. 

http:ecnclog.es
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Furthermore, ~an~nsisutent and expj ye fact_ onfronting mst- de1~ aii~i~erapid exodus -of popuaion, frm-kiura1o 'urban settings. ifbasic 
 Iefl4 "of~all Icinds for.- cooking, lighting,S indu't .y,. food processing, ,and,- tran'sport: are 	

ilg
not me'tat a level~ that provides' farmer s 

amenities, that mak'el'rural life alest not Wo off'than 

p 	 - and 'their families:,with the1 secu'rity,' self,-re spect, "an'd)'
-tlase 
 Iife in,,the cities/, '12
theywill leave' thejadi 
 hycn. hlehse energy issues may-not
relate,directly to food production, they nonetheless havel a bearing on 
~farming The4 firewood crisis isione example. Posbeslto sCh
affore6station, fu~el crops, and co'nverting residues to fuels have de'ep


4implicatins -or agriculture. (Leach, "Agc u s: e
Development for the 1980's." 
 rclua iddto:Rsac 
n ~ 
Potential Solutions 

.on 	 r
 

Potential- solutions' may lie both w 
 aithin
"agriculture as a consumer of
 
energI y" and~"agriculture as 
a producer of enerigy"- dimensions. As a1 consumerof energy, solutions include the de signation of more petroleum to 
the
agricultural s'ector. 
 As pointed 
out in the Mitre study (Leigh, J.. Energy

and Develoment: 
Extended Analysis and'Implications), increasing energy

inputs toithaf sector appear 
to produce majorchanges 3 inproduci vity. 

, 

exceeding the beneficial impacts o increasing energy inputs 
to industry and
transporta'ion by a i'actor of ten i~n many ,countries. ,' 

;-4 4 it can be argued that eiven poor countries can afford to purc,,ase petroleum'

for food production in the foreseeable future,,-'(Revelle reason~s that if the,
need for 'additional energy 'for draft powrer, 
water power, and chemical4fertilizer manufacture in India were to be met by petroleum products, 43
million metric tons would be needed. 
 If all this petroleum could be imported,
the cost would be defrayed by~'the export of about on-et 4 6'th 
food production. 

4 

, 
 .~ 

In crder to increase energy use in the agricultural system, many 'complexssues need to be addressed such senaergy fooda~nd pricing, national
import/export policy, i 
 D.
romotion of food crops versus 
pog-ly eport'
crops, etc. Some specific questions which LDC policy makers, a
eovernments,
Sdeveloment planners need to examine further arelsedtbeakeIt 
 s , a..
pointed out that there iay be no generic 6theseanswers o que'stions and that 
further 'analysis in a specific country context is required. 

1. 
 Should goverment budgets give priority to energyfor 
 ' 
.4hagriculture? 
 What interventions are most productive? 
 . 

4Irrigation 
 projects? Fertilizer production or imports? 
' 

Mechanization programs or 
better use of animal nd..human 

energy systems? . u 	 nnu4 

2	Hoshudfuels fragriculture be priced? 'Should they be4

subsidized? Are farm prices set 
too low to encourage 

4, 4 higher-cost inputs? 

44~4 ,-.~2 
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3. 	Can alternative sources be used economically in the
 
agricultural sector? 
 If so, what, where and how much? How

should these be encouraged? Can agricultural wastes or

products (e.g. oils) be used as fuels? 
 What 	is the potential

for agriculture as 
an energy producer? What are 
the food vs. 
fuel issues in a specific cou.;ry context? 

4. 	 Can/should agricultural production in export crops be used as
 
a oreign exchange earner to offset oil import costs at the 
possible expense of food self-sufficiency? 

5. 
 How can it be ensured that energy is available for moving farm

products to market, food preservation and processing? What 
infrastructure investments are necessary? 

6. 	 What energy inputs can be used to increase the productivity of 
subsistence farms?
 

The last question pertaining to the subsistence farmer hinges 
on

the onallen.e of growth with equity Resouroe suaaly and

distribution ineitably become.ssue
.	 ern.esnaed in so -- .oonsideratisn cs.r exa:nole, in s,"eral. . . . .... ........ ....... aa. I.= ...!
du-alis.tic a i.cultural system exists with 	 a s1.1 't-.r of -c-3­
,-rnmand.ng a major portion of resources, J.n:iui.n: energy. E-ergy
Conhsumption is correlated to land size. Large 'armers use their
land as collateral to obtain energy-related inputs such 	as .moroved
seeds and fertilizers. ,ohr states perhaps the greatest sin.gle barrierto distribution of energy to the small-scale farmer is the unequal

distribution of land ownershin that prevails.
 

Question #3 concerns the "agriculture as a prod:'oer of energy"
dimension in its discussion of whether agricultural wastes or products

can be used as energy resources. Agriculture has the potential 
to
 
cec~.e an enerz.v rocd,.er not only for itself, but for other sectors.

7n a sense, thi.s has occurred alreiy with the provisicn of fuel,'oa

and croo resiiues for 3co'-in- and P=;ht.-r E •ricultural 
waste rodus .offee
such as huss, rice hulls, etc. are bei..grecycled for use in running. boilers, cr utte into 2r.oo.l. for
 
'Coking fuel, et.-, i.n some countries. The bio-energy connection is a
fasoi.nating and promising hode as a potential solution for oroviding 
energy necessary for agricultural production. 

More 	 efficient use of energy in agriculture and agro-relatedindustries as well as improved farming practigces can also serve to 
increase productivity in the food sector. 

While -a ccrrelaticn is well established between i.ncreasel fossilfuel 	 inouts an] increaS... a_-r'.c-ultural orodu. tivi ty, an esse. i.al issue
is how to overcome investMent barriers fers rs face that obstru,: theiradoption of th.ese new technoiagies. This involves major issues
concerning farm prices, i.e., are they set too low to encourage
nigher-ost inputs? How shoul fuels for agriculture be priced and/or
should they be subsidized? 

-3­
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Be trplnn crucia.--in-relating-eeryus­

p r- je c e-ationlnergyts' situation. For examlMsprjcsaed~ge with the intention of their 'reTlcati~o n o'n a regional"'or

naioa basis.t 
 ''usins concerning the availability.ofsoure, infre~atructur the right fuelJ ~ fo 
 t itiuion,
and impact on bal~ance of pyet
 

Reurn aot 
expenditures such a's payment of enryrltdinputs by~
"project ,beneficiaries need ~tobe examined in projects., Later~i 
th' eot
an AID project is examined as an, example. That particular poect did not:h"-iy,'xair would: be ab,]e to pay'-forhwbwbenef icjaries eniergy: inputs.,. ;it wasSsimply assumed that higher yields and consequently, revenues due to the,?ns tailation of -an irrixg'ationi system would automatically'' cover the~s.eadditional expenditures. 

brifo st
q stinswhich affectAID agricu&ltural and energy 'project.~.planners are listed below, several of ihich are latverl'elaborated uponK inhe' .text:' 

I. Current agricultural projects: what are 
their energy impacts?
Ja s energy considered in project design? How does projectstrategy affect/reflect the national energy situatior?~ ~ 

2. Aethre lnksbetween energy and'agriculture in the Nission,in project analysis, management, and personnel?
 
i~;*K~~Kr.K-'3. Research/Information Needs: 
 What is/isn't known about 
 "~~ energy/agriculture? 
 What data are'most important~for 

addressing policy issues?, How can they be obtained most 
) 

cost-effL ectively?
 

4. What future policy directions should the Agency take' inths 
areas? 

"7, Questions #3 and 4 relate to the fact that the concern-for the energy
di~mension is relatively new in most' sectors, .anid particularly in ,th'e
agricul1tural 'one. ,There are vast stores of kno6wledge "compiled '-for
water, and biological resources. "However, 
' 

S"soil's 

for energy, thiereis 
 ~ 
K j' '.ttle information on its.use in agriculture. particularly'n deelopi'ng;countries. It is usually considered to;K. be of l1ow P'riority because obfits relatively small place in national energy budgets compared with-~K
 

othe s
seaiedtr. 
In fact, it~is much higher when the entire Kfood<Ksystem

xaind.LfC
is offi~cials and develop~ment planners need to be better"
K'in 
 ''formed regarding energy and agriculture liakages in their pursuit ofK.,


K solving focod-related problems.,
 

e v
Ob t s ofthe AnalysisK 
.K'K"~ 

K4KK~..~ This report will address the energy implications of agric~ulture in certain<7.-K.~' designated, countries beginning witheNorocco.. AID Country Develo.ovm nt Strategy',
'~"-~i~Statements (CSs) Agricultural Sector"Strategy Papers, project papers""and 

'K IK 'K 'K K 

K K 

K K 

http:availability.of


evaluationie_,, r
ertaining toene, 
 u
speif ic1..........counatry data--­aneedsinvolvedl'ue iWhether cur~rent AIDp 6prject~ .reades ini'theesedsr a whte
 
K alterniaive, energy !souroes:'have'
,been co'nsidre.o niter more :'cost-efcve'i
.e'e;g u
cu Whethrw it 's
enryspply',options becoustituediare tiwi' ,sunderl'jn 2si" 

c nconcern.e
 

An.:attempt is made to teisus'htmyhave important
ramfications 


or atimprov6,the efficiency of iagriculture.
:energy use many levels--including policy,, programaid'pr~oject to increase*-Whilethsreport may raise m'ore que'stions- than it is able to answer, its purpose is

to'illustrate the cross-cutting edg~es between these two sectors ,inl the overall

goal of increasing agricultural productivity.
 

Both macro and micro descriptions concerning energy use in agriculture are
discussed, i.e., the specific 
energy scenario in Morocco pertaining to
 
agriculture are reviewed and then attention is given to relating energy use
 
patterns by farm size. 
 AID projects in Mor3cco are then examined to determine
whether they are 
addressing energy needs in agriculture delineated by inputs
 
(machinery, fertilizer, etc.) 'and componen.s inthe food syste.m (production,

trans-portation, etc.). 


''~~ 

~A methodological 'frameork recently designed by Developmient Science3, Inc.
(Dsi) for the 
Africa Bu.reau has been adaoted in this monograph to address
 
energy useinMoroocn agricultuire. Both 'direct and indirect 'forms of ernergy 
" ' 
are eined anddefined'as follows: 1) Energy needed for agricultural

productivity can be considered as 
either the direct energy required to
accomplish the planting or any other production operation 
with humans,
 
animals, or machinery; 
and 2) the indirect energy required to manufacture
chemicals or metal implements for farm use.
 

DSI discuss five major inputs of agricultural production - 1) tools,

implements, or machinery, 2) fertilizers, 3) pesticides, 4) arid 5)
seeds. Ths wae 


'nots a 
require direct energy in thei~r use or aiplication and
 
also require indirect well'asenergy forindirect,their production and manufacture.For Either of
these, the direct as 
 can. be large. example, fertilizers 

a navea highindiret enegy based upon their feedstocks, and producion ad'
 
water, depending on its source, may require more direct energy in its' actual
distribution and use.-

Theseinuts ca
 
All these inputs require direct energy using hum~a/animal labor, fuels' or
electricity to operate machinery 
for 'their application in-farm activities such:
 

-' as 
1) farm operations for land' clearing, soil preparation,' planting, tillage,

and harvesting; 2)-transportation which is needed to move all the inputs to

'the site as 
well as~remove; products and residues~ from the site as aproriate;'­
and 3) agricultural prcsin n croppreservation and storage which may,

include only 'drying or involve further packaging' or conversion' steps 'to permit
t
final consump'ticnor&utiization. Prenaration for 
the -home consumption of
food is another'activity tha.tfiay require mcmoeenergy as was 
 toqiretproduce it. 'The patterns 'bf 7ene.-gy usage in the agricultural sstem are
illustrated in"'Figure 1. ----

'' 

' 
-:.-' 



Figure 1 
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~~AL complet 'egy balanice or any~fr syste would'include~data on eery 7 
input and on every energ-usi2ng o'peration Inreality, .dutod'atacoplteevr 3.hi analysis, itn~~y~ -is :not, necessarythoomlee eeyeegtrnfrbut rather to'identify t"ei~nore 


4 <seec~t ths otrlvn"t,,teissue ofreergy 
& '
 

us.e n producti.vity. Hrthe discussion is primarily'restri'ted:to,energy used :in agriculturAlz
Sproduction. Several Moroccan farm size categories are then exainedtto, 
< 

xsedetermine pa-1ttern& of,-en, 


iii 1I
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Back.round onMooccan Agicltr
 

~Morocco's populatio8n is'estimated at 20.9 million (mid-1981),,with an
annual,grwt atpret 
 5pr'n (1980 ­a c 2ob). About 60 percent
of thie populati.T±2live in rural 
areas and agriculture provides' about 52
percent of tota'i. employment. Per capita GNP was 
U.S. 86O in 1981," but about
45 percent of Moroccani families live at or bel'ow thie 
estimated rural absolute­poverty level of U.S. 238 per capita. Agriculture contributed 14 percnt to
Morocco's GD. i.n. 1981. Cereals arnd puls1es contributed 30o percent, livestock 
percent, itr~us .1 erct veeals1<33 ecent, industrial crops andabot 6percent to the ag-ricultural GDP in.1973-80. (World 3an'c:Smal ad-edium Scale Irrigation Reuort, World Development Report) 

Of the, total land area of the country, not counting the newly claimed
portion of the Wtestern Sahara, only about 18 percent is estimated to be
abut17
arale erentispastureland, 17prcn 
is fort and scrub land,

and the 'largebalance is nonarable desert, mountain, or urban areas. (American
University: p. 171) The majority of land is in 
cereals - wheat, barley, and
 <corn. 
 Most cereal farms produce inatraditional ;ay for'their own~
consumption. 'Despite the fact that cereals an'd pulses occupy about 70 percent
of the cu~ltivated area, a succession of poor harvests due 
to unfavorable
 

weaherandinadequate cultural practices hav 
mde Morocco a net motro
cereals. 
 Imports totaled approxi.mately two million metric 'tonis in 1982,
 
dob amun imotd on~ly six years1986 earlier. (AID CDSSI'orM.orocco, FY 

Tha agricultural sector in Morocco includes both -the -traditionalsector
(5,710,000 ha;' from Figure 2 ) which accounts for about 78 percent of the.
total potentially arable land area of ,the country, and the commercial/modern 

1 

sector (1,590,000 na; 
from Figure 2 ) which accounts for the remaining 22
'percent of the potentially arable land.
 

Muc~h of the land cultivated by traditional methods is devoted to grazingand yields'per hec tare of cropped land are less than those modernwheremethods prevailed., (See chart, Figure 3, for the yilIfiue4o fu rp

~~ produc'ed by traditional and modern sectors). Traditional subsistence,


agriculture a'counts for the bulk of 
the farm population.
 

144447 



Figure 2 

F'stimatej of Land Ownership in the Modern and Traditional 
Sectors of Morocco 

Modei-n Traditional
 
Sector 
 See torflow Own ed Total1000 Ila % 1000 Ila 
 % 1000 lla % 

Arable L d(s 
Private 
 1,090 
 68.5 4,950 
 86.7 6,0,10
'3L.ate 82.7400 25.2 400 7.0
Collectively 800 11.010 0.6 350 
 6.1 560 
 4.9
Ch, ri ta 1 1u 90 5 .7 10 0.2 100 
 1.1
 

Total Arable 1,590 100.0 5,710 
 100.0 1,300 100.0 

FOOTNOTES 

Private land ownership dotinatO:3 the land holding patterns in Morocco. Inshown the modernin Table , 68.5 percent of or better land area, asthe arable land is privately owned, 25.2 percent stated owned, and 5.7 percent
charitable lands. Only 0.6 percent Ls collectively owned. Th; modern sector includesvegetahles, industrial most of the fruit,and oil crops plus some of' the wheat prodution. 
In the traditional sector, u6.'7 per'ent of the land is privateily owned, 7.0 percentcol lectively owned and 0.2 stated owned, 6.1percent are charitable lands. Cere'ils are primarily grown on this land.(12:132) 
Source: Appliod Agronomic Rejearch Program for2 0 0 DrylandKharming in -400imni Raiired Zone of Morocco, Campbell, 1.R. et al,Mid-Amn rican Tnternational Ag.ricultrural Conservation Dryland F'arling
T,eam, 197"7.
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'9Estimates of Average Production, 'Area 'and Yi'eld s ~ ~'-J -~ ~j ~ic~-~ ~off Four 9Major..Crels :~ .~ ~ 9~V 

j27 , Modern and' 'Traditional Farms 9~V>ii-- '~'' 
i-

9Product.n1 1r/ Are Yields00'Mi~T)Q 
 (MT(/'1)(00ha) __ M4 za 

Durum W e 
* ~9<''modern ',350 (25) 190 (15) 1.30 'traditional 1---2,000 (75) ",7
 

09(85) 0.385
j -total 1,350 '(100) 1,269, (1i00) 
. 

Bri9ead, Wheat :99 

modern 231 (5) 
 178 (40) 1.30
tra"ditional 9
189 '(45) 
 267 (60) 0.70,total 420 (100) 445 (100)
 

modern 
 100 
 64 (3) 14
traditional 1,900 (95) 2,086 (97) 0.9
total 2,0900c)L 2,150 (100)
 

9994"Corn 

ug 

modern 100 (30) 
 21 (5) "3.5traditional 250' (70) 391~ (9 ) .6
total 
 350 (100) 412 ' (100)' ' 

1/ Production is 1975-80 average. Estimate of' area and yields from A.

~Ackles and J. Pederson, Grain Storage, Handling and Distribution inIorocco,
-Kansas Stante University, 1069 modi-fied by USAD/Raoat,. Yilelds mulziplied by

area do not correspond' exactly to average pDroduct-ion. 7-~­
7Surce: 'vliedAgrcrni--c Research Program-for D-.yland 
Farmingin' 2 0 0-400mm 

'9
 

ain.fed Zone of, orocco, Campbell, R.R. et a!,
hi-erican International Agricultural Conservation Dryland Farming
Teami, 1977. 

, -' 
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wasJ, od'6ety Europeans.in t nuine first half of the,

eop


=mgfaini p cticse 
by Mroccan Although modrused'on a relatively smal io ofTheln>'ht 

aortio
aincludes
some of the most fertile soil i0 
 un nd contributes
i <i;<ito about ce of crops bvese e 8 i25 pe t all b and ipercent of the export
' "72Kcrops.(me,-r" A University: p. 12) These farms are modern with respect' tousing commercia inputs of seeds, chemicals, and machinery and in many caseshaveaccss o wer cost on-gidelcrit for irriigation pumping.
 

i. glp , 3..,a...2..::, y. s a .f,o.r, ...io n dproa tn '- ':'Perhaps predominant among the difficulties facing agriculture in Morocco
is the lack of water and the year-to-year unpredictability of rainfall. The
 
-government has made great strides in the area of irrigation, (in the past, the
GO.. allocated over 70 percent of 
the funds allocated to the,-agriculture

investment budget to 
the irrigated sub-sector), although some fear this
 
occurredat the detriment of the dryland farming areas. 
1 . The Government of,~Morocco (GOM) has taken a 
more 
balanced rainfall and irrigation approach in
 
the 1981-1985Plan and has shifted resource allocations from the irrigated hsub-sector 6o a focus oni small and medium-sized farms in the rainfed areas.(AID: Dryland Agriculture Applied Research Project) 

I 

Over 10 percent of the arable land accounts for the irricgation
sub-ector. A flull third of the smallest farms in the country has some ,'rm
ofimri~gati. Hiergh Vluedmrops such as fruits, vegetables, cotton plus dtitruM •wheat and aresome forages grown on the irrigated lands. (For further social,and economic implications of the irrigated vs. 
dryland split refer to the 
section onAID projects. The mostrcent 

" 

Morocco CDSS re-examines AID and. the 
rP" /! GOM s commitment to ryland agriculture due in part to pressures brought to

bear by a three year drought). 

Moroccan Energy 'Consumption 

' 

Morocco consumes more energy than i~t produces, and the deficit continues
 
to grow. By 1983, the country was importing about 85 percent of i'ts
commercial energy needs, most of whi.ch 
were in the form of crude oil. The
 .... 
 balance of commercial energy production was derived from domestic coal, gas,
and hydroelectricity., (The American University, Morocco: A Country Study) 

-' " As a result of dimished reservoir capacity due to the, drought,
hydroelectric facilities' 
are currently generating only 3percent of Norocco's 
 '
 power, whereiunder normal circumstances they would provide about 15 percent.'
The diff.rencemust be made up by increasing imported oil. 
(AID, Morocco CDSS,FY 1986.) At the same time, it is estimated that wood, the principal energy.source for a substantial ortion of Morocco's population, is being ha.rvest'edat" times the rate of replacement (World Bank, Morocco: Issues andOptions 3.n
the Energy Sector). 

' 

Estimates of total energy consumption in Moroccan agriculture, ex--uding
animate and indirect energy, range from-about 200,000 TEP to (Tolls400,000 oE"

of Petroleum Equivalent). (Aforementioned World Bank and V~I reports). 
 The
 

,- - -. 
. "10? i:',! "- ':- - -I I ' :) ; ,:; 5: 



; Uius !R ' r: urur~
 
S350, 000 TEP-,oriabout~ 415 n ' 30tOOan comindicate'ottthepiled n to consumptiongu energy(M~ilas"',II' It should. be noted, however, tha when~fertilizer usagei~i~~depecially_ for nitrogen),,te 'eniergy used 

is 
inagriculture increases'--~signifiantly., (SeeFigure,7 fo* 
'adetailed presenitation of energyr use in
~~~<~Moroccan agricultle
 

III. 
 ENERGY USE ON MOROCCANFARMS
 

An,effort 
was made to examinethe key characteristics of farms in an
attempt to determie the level of energy inputs. 
 Some detailed data giving
information on human, animal, and machinery use for nine farm categori...
es was
obtained tfrom fora farm survey theaute Chaouia region of Morocco located ina ditland arale region '(Morton). This study is part of a 51,Farm Study
sur'eiaeffort described in the Dryland Applied Research Project Paper. 
 Cro
examined included wheat, barley and legumes. 
 One of the major finds of the
 
survey is the degree to which mechani.zation has reached the 
sma llest farms in
 
Morocco.4
 

The farm tyology re 
 cts a broad range ofa te e a
 
'micro~ and subsistenoe ..hara the majority of irncome comes frcom. off-farm 
employment, to very large commercial farms where all production is marketed.
In the middle are 3 types of medium-scale farms which both guarantee
subsistence and allow some 
surplus production For sale. Unfortunately no
correlation can be made between increased energy use and greater agricultural

productivity in this instance because yield figures 
were not considered 
 ,
reliable and consequently not given. 
 In general, yield differences between
traditional and modern farming 
are large especially in the 
case of maize (see
Figure 3. A description of these categories follow an i ­are summarized in 


nFigure 4. am , 
 .
 

Categories I-IV:
 

The first four categories all own less land 
than required for family
subsistence and sharecrop additional land. 
 Even with sharecropping,subsistence is not guaranteed' and off-farm employment is a key, part of the
subsistence strategy. 
 These farms have few draft animals anid rudimentary
traditional traction equipment. 
 Their herds are very small and are 
made up of
mainly shared ani.mals. 
 They use little formal credit, and few improved inputs.

Even though they ha've 
too much family labor available for the area farmed,

they may hire in additional labor or machinery at peak seasons.
 

Categories V-VII:
 

Medium-scale farms (Categories V and VI) have 13-25 hectares of owned land,
but.may tak 
 additional land for sharecropping, and rent some laid 
for

grazngwhile taking some shared animals in exchange for part off 
the~ annual-
increase of the herd. ----These farmersave sufficient draft animals to farmtheir -land effectively, and additional animal-drawn implements. 



FIGIRE 4 
MOROCCAN F'ARM TYPOLOGY (DRYLAND AGR[CUJLTU.B) 

KEY FARM CHARACTERISTICS 

FAI'1 CATEGORY Average Area Area (Adult Averagyt Number Mechanical
 
Cultivated 
 Family Worker) 
 of Draft Animals 
 Equipment

Land (ha) 


present/absent
 

owned/rented
 

I 3.03 
 1.24 
 1 present/rented 

II 
 7.00 
 1.69 
 1.75 
 present/rented
 

IIi 
 7.60 
 1.76 
 2.0 
 present/rented
 

IV 
 12.35 
 3.20 
 4.0 
 present/rented
 

V 
 15.51 
 3.61 
 2.0 
 present/rented
 

VI 
 25.51 
 3.93 
 3.0 
 present/rented
 

VII 
 37.47 
 9.65 
 U.K. 
 present/owned
 

VIII 
 153 
 N.A. 
 N.A. 
 present/owned
 

IX 
 -
 N.A. 
 N.A. 
 present/owned
 

Source: Adcipted fromiiHaute Chouia region of Morocco "A Beneficiary Profile of Haute Chaouia
(Morocco), Alice L. Morton prepaired for Agency for Interncationial Development, 1982. 

U.K. : Unknown 
N.A. : Not Applicable
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Larger farms (Category VII), 
of about 40 hectares, may be divided into those

that derive from inherited land, 
on which techniques used 
are more
traditional, where more capital is invested in improved livestock and whose
 owners are older, and new farms which are 
based on rapid land accumulation,
 
are owned by younger, urban-based entrepreneurs, and have higher levels of
 
mechanization.
 

The older farms are 
essentially bigger versions of the medium-scale farms,
relying largely on draft animals for at least some production operations,

taking some land for sharecropping, and using a greater variety of

aminal-drawn implements. 
 However, they are more likely to 
have much of their
land partially mechanized than are 
the medium and small-scale farmers, renting

equipment for c2ustom use. 

Newer large farms tend to 
own their own motorized equipment, which they
use on 
the farm and also rent out to others. They use almost no family labor,
relying on hired occasional and permanent workers. 
 These farms are well-off

and modernizing. 
Livestock management is semi-extensive; 
cattle are stall-fed

and improved breeds are taking over from local breeds. 

No 

Cateory 7!1I: 

here is tin add.tin 'l 2ateory -fmodern far7.3.. 
times as large as the well-off modernizing ones.
production is mechanized, using owned equipment.
equipment and a greater pvariety of accompanying 

;., 
Here, 
There 

roducti

are on ave-ra e four 
virtually all 
is more motorized 

on implements.
family labor is used on 
these farms, and there tends 
to be one Dermanent
employee who supervises all agricultural operations. Tt is these farmers who
have the most access to improved inputs, and who use them most. Allproduction is marketed. As stated earlier, the modern sector contributes to 
over a5 percent of the export crops.
 

Category IX is made up of absentee farmers who primarily rent land to 
other farmers. 

Mechanization: 

One of the major findings of the ?Iaute haouia srvey tois the degreewhich mechanization has reached the smallest farms in the region (in theSettat Province). Although motorized eiuiument is owned alost exclusively byfarmers with more than 30 hectares, the small farmer has turned more and moreto mechanization, renting equipment from private entrepreneurs, including thelargest local farmers. Small farmers may work off the farm in order to earn wages to 
rent equipment to mechanize their 
own o e-ati on The increased useof mecharization by the smaller farmers has been attributed to the high costof labor during peak periods (up to 2.5 times the minimum industrial wage) andthe saving of -ritial time for land preparation under semi-arid onditionswihen it is imortIant to oant as soon as Possible after the first rains. 

- 13 ­



Raelbfmecha'nization vayarss.Haute hoibngiheiTte
-northkthan in the'south and' vary across' farm types, with large far-ms: cearly~using_ojeme-chanizto_(See -igujrei ~e~d~ of--animal1ev ' ~~-

S, Tractors/f Harvest" Combines: ~ 

~ 'The levl of mechani zation 'appears m.to. be.somewha, higher -than for othe'rdryland areas of the ~country. Forl example between 196'9 and 1978, th'number
of~tctors -in the province increased from 896 to 2082,;an incre'ase of 1321L", I percent'.j'as against 1.12,percent for the same perio forlthe country as a
'% whole',In i97 8i .this province, wiihcompie7.23pret~fteaal
land'4in the lco ntry, had about l'0' percent of 'all tractors in Morocco and about .25 ofceall combine harvesters. As shown inFg Oe6Vticoizto 

Shas' kept marginally, ahead of purchase of combines, at least in some zones ofthe region. 

A'recent estimate based 'for the' agricultural year,1981 82 is.9that 70,uerceit 'of, all 'production operatio~ns lan preparation -tnd planting and 
''h-arve'sting 
 rere mechanized in lHaute Chaoii.a. (altough the land planthed was
less than in Dorevious years due to shortages o-, seed frbrn the drought).impoact this rate7 of mechanization, has had on, diesel fuel' availabili'ty 

Wh'a t 
or 

wheter fel c'osts was a oroblem for the farmers ,.is not elaborated. ulon.This increase in mechanization in onlyfnine years is amazing. -

Labor .tirne estimuates are given, fodr the, Doduction of, four m~aini cereal.~crops~by work days under different conditions of'zmechanization as follows:
 

\~1~~>~'Crop Type , Non- ~ . -All 
Mechanized 

1')M~echanized 7 
Planting Mech'anizedBarley 35-40 days/ha 30 days/ha < 

5 days/ha 

- Durum. and 50 days/ha 30-35 days/ha 
 5 days/ha'~, A
Bread W-heaat
 

(These daashow that mechanization of harvesting 
saves more labor .thanK'
dos ehaiztono land preparation and seedings. 
 Since the machines for
harvesting are combines, they are 
saving labor not' just for cutting ,the grain, 
 "''but alsot for gathering 'itand threshing it, oeration's'wich are done
----~-~searately- and paid for separatelyr 
in the absence'of combines. Mechanization' .'-~WIIese~myjav 

ashe'taherpece
~ of borth prcseoa~sv .smc s9 ecn f. labor. Wehrthis labor:~.~4~isthen. without', employii'nt is,'not clear. ~''~ 

-K.,.,4.I. 

>I~~In almost'all..cases., 'farms of all siZs, exccept the largest farms, where. 
S'family labor~is not,-used 'at,,'ll Kare characterized both by substantialunrdere Mvl,1oyment ci family w,,orkers during fuoh' of the'-year and by the hi ,Igo 

,7ager Ares at peak seeasons'. ~ ' ~' 

- ,414 
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including tractors and combines, indicate that this is the largest consumer of,
direct energy use on the4 farm with a total usage of 198,500 TE? of diese~l fuel
 
in 1980. 
 (See Figure 7 for Patterns of Energy Consumption in M4oroccaL.4
Agriculture'). 


4 

Irrigation: 4 

Since this survey only focused on dryland farms, the zattern of energy use.
for irrigated farms' was ..
not included in the farm classification data.4 
Although specific data for iMorocco was not available, the magnitude of energyusage4 on irrigated~land is' generally much''higher than that for dryland .

agriculture. Additional energy may be required for irrigation pumpingL 'and inimany cases, additional tillage operations and fertilizer i~nputs are
 necessary. In the U.S., 'as much as a fi~vefold energy increase may be required
for an irrigated corn crop in comparison to 4corn produced in a dryland4

situation. 
See Figure 8 for further information concerning energy use and
 

4 '' corresponding yields differences in Kansas agriculture.
 

Permanent irrigation covered an estimated 1l,060,;000 hectar-es i~n'1980 
4 consisting of the large-scale irriga~tion sector (LSI'perimeters) of .th~eK ~irrigation perimeters' and 'small and' medium-scale irrig~ati~on (SMiSI 'perimeters)'in the drylanjd areas. 'The greater part' of the permanently irrigated 'land(560,000 hectares) is in the 

7
large-.scale irrigated perimeters........ 


. 

Information" was not available on 
the specific systems used by various44
farms, i.e., gravity, sprinkler, trickle, etc., 
in order to determine energy 
4. 

use.4 However in looking at some 
4 

aggregated energy consumption figures''
calculated for 'the agricultural sector, 'energy use 
for irrigation-in direct 
fuel usage appears to be 'the second largescaeoyftrammchnyue 

. 

in'iMorocco..4'. 
.s s
 

4 aeoyate ammciey 

Irrigation pumping in the LSI perimeters consumed 'an iestimated~52,400,TEP 4~LI~'2 -i n,1980, '89 percent of it being elecricity. Electricity was provided 4by 
, ~~ relatively loor-cos grid generated b' hyrolcti an temasaios
 

V 
 ~ terma~stai~ns 



Figure 7: PATTERNS OF ENERGY CONSUMPTION IN AGRICULTURE (1980)
 

1980 	 Energy Consumption 1980Segment/Energy Application 
 Unit 	 Quantity Quantity (TEP)* Fuel Type
 

LSI perimeters 

Irrigation PumpingI Hectares 100,800 5,100 Diesel 
41,300 Electricity 

Farm machinery2 Tractors 10,300 
Combines 907 107,600 Diesel 
Miscellaneous n.a. 
machinery 

Livestock/poultry3 ,lk collec no.n 200 198 ElectricJ.ty 
stations 

Other Propane 
n.a. n.a. Butane 

Rai.r'ed zones 

Irrigation pumping4 	 Ha (zones of 
 35,800 16,500 Diesel
 
State inter.)
 

Ha (private 100,000- 46,000- Diesel
 
initiative) 165,000 75,000
 

Farm machinery5 	 Tractors 13,110
 
Combines 1,155 
 100,400 Diesel
 
Misc. machinery n. 

Lives tcko< Isolated eW- NeZijgJle Diesel 

oth Sectors 'i trogen .T.) ;0, 33 	 107,500) atural gasFertiJ.izer Other fertilizer (N..) 'Xl 
.Electr ity

P205 K20 117,000 35,000
 

Reference: 
 Sited in Andrew McWi.lli.ams, Energy Demand Study
Draft ReDort), Kearney Inc. for USAID, 1984.
 

Footnotes: 	 4Located on foliowin pages 41-6 taken fro ?:,<Wiiliams, #7 are 
derived frcm ferti.IiJer informatjon so,;rces 
convert e d to ererL- '*.ilues given in Davd Pimetal, Handboo 
of Ener4-" Utiiz.er in Agriculture, -.. ?ress: Boca Raton, 
Flori.da, 180. 

Tons of Petrolei Equivalent, a measure ',;hj.ch, ranges in va"lue 
from about 3.6 to L.0 milon ki.localorJ.ts ;. i. --to -OE)
deoendir.,g on the type of energy being_ .measur,. 
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Figure 7 (cont'd)
 

ENERGY CONSUMPTION IN AGRICULTURE (1980)
 

Notes:
 

1. Provisional estimates; 
data promised but not yet received from MARA.
 

2. The total Moroccan tractor stock in 1979 was 
22,420, of which 44% (9,864

tractors) were used on LSI perimeters. (HARA, La Situation Actuelle du

Secteur Agricole, August 1980, (p. 164). 
 New tractor sales in 1979 were 
2,489

(ibid., p. 164) which, in combination with an estimated attrition of 1,500

(World Bank, M-.emorandum on Morocco's Agricultural Sector, May 1980, p. 23),

gives an estimated 1930 inventory of about 23,409 tractors, of wlich 10,300 
(44%) are assumed to have been used 
on LSI lands.
 

Data specific to the Haouz LSI perimeter (Charat, October 20, 1983) show and
 
average energy consumption of 10 
tons of diesel fuel per tractor, but an
 
average of 12% of all tractors is non-operational. Adjusting the average per
tractor fuel consumption downward to account for non-operationl machines gives 
an average energy ue coeffii.ent of 3.9 .?,trator1D X 

estae, -*. , ues ­ :- 17 an 
es ',C~a iae -_- y O 

A similar approach was employed to 
estimate total energy consumption by

combines, substituting the following data: 
 2,100 combines in 1973 (World

Bank, Memorandu~m, p. 23); sales 
cf 236 units in 1973, 126 units in 1979 (,ARA
Situation; estimated deoreciation of 200 units/year (World Bank, Memorandum,
 
p. 23); 44% of combines assumed used or. LSI lands (like tractors); average
fuel consumntion l tons diesel fuel per combine (Charat); average of 173 of 
combines broken down (ibid.).
 

No estimates are available of other, miscellaneous farm machinery fuel, but
oonsumotion estimate for tractors plus combines was raised -acot f-- . _o, u . for

thle:a (same roco, r'- use:d in a re.cent s o:o:f enery cons.mtion. in
 
,5 niaa7r Iult I s "or, i. , De
.. artmen f nergy, cirt 
Assessment, ;ci. i.r p O itl S 

3. Number of mi l cticns staios estimated" at u20 in 1980, mostof them located i. 7. erimeters, based on data in Wcrl. Bank, Memorandum,
PP. 69-70. Data or 73 stations i.n Haou-. LSI ceri.meter kCharat) .d .at es 
average energy consumtio n on 11,576 :wh, which yields a total energy
consumtion cf 2.3 million '.-c.h when aoplied to all 200 stations. At 360 koal 
per kwh, total energy consumotion e:pressed in 7_71 s abcut 193 7?. 

4. S,.S! -areas of State inte rventi,(n total about 2.15, DC0 ha, of 'hich 35,800
ha use cum i.rri.za o (Lahctober 27,19,-) . EnergY r
hectare of puma-,rriated land based on data for ',arra{kech region 1$ermoumi, 
October 20, 1933). 
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nry
suPon;rrrzzigation onSMSI areas of pri'vateKiJ.'itjatve K. !
e ~stimate4 as follow. i.

Lower-bound estimate extrapolated friom Iauseidatain>


world :Bank, !Staff 4APraisal ."eReport ofthe Small and& diu.. Sal-'Irigat-,n

Project Februaryz 1983; pp. 5,-6., Upper-bound estimatei based 
on approximately
 
275,'00 (ex-traolated
 

small rfarmsunder 10 ha (ibid.) i'.e.,-275,000 x M~ = 165,b0O. Energy use

coeffjiint' per ha samie as 
that used in SI4SI areas of State intervention.
 

5. See note 2; remaining 56%e of tractors and combines are 
used in rainfed
 
zones. Average.,tractor energy consumption based on data for Marrakech region,

i.e., 6.24 TEP diesel per tractor (Germoumi). Average combine energy

consumption in rainfed zones unavailable; figure used is average for LSI
 
perimeters (see note 2). :Add 5%to 
total energy consumption for miscellaneous
 
machinery.
 

6n Average fuel consumption per diesel pump used for livestock watering based
 on data in Steingass and Asmon, Market Assessment of PV Systems for
 
Agriculture in Morocco, September 1981, pp. 6-12.
 

> 7. 80,000 Metric tons of Nitrogen fertilizer and 117,000 Metric tons ofother
 
.fertilizers ...
design. or. for
.....
(P205 K20) werert)in Moroccor180 in 18 Richard i'ewburg, ,per
RcadNwug e
 
designwork for a USAID fertilizer Project in Morocco).
 
According to fi.gures from David VPiterel' s Handbook)n Energy utilization in 

Agriculture, the total. energy input for nitrogen fertilizer (tak..in. an avera"e
 
for anhydrous ammonia, urea, and ammoni.nitrate) including product-ion 
 .
transportation, storage and transfezris 13.7. Mcall/kgN. (or 13.7,.c 10c 
cal/KgN).
 

p80, 000 MT. x 1000kg =80 x 106 kg or 

80 x 106 kg x 13.7 x 106 cal =-1096 x 1012 calories
 

kgN
 
or 1096 x 109 Kilo calories N.
 

1 Ton of crude oi. equivalent (TOE) = 10.2 million kilocalories from the World
 
Bank report, ,o1oco: Issues and Options in 
 the Energy Sector. 

1096 x 109 KC.IN x I TOE 107.5 x 103 TOE
 
10.2 million KC 

or 107,500 TOE.
 

TheEnergy.Inputfor phosphate (P205) and Potash Fertilizers (K20) were
calculated for production transportation of raw materials and the
 
transportation and distribution of find products as 2.1 ',cal/F~g.
 
117,000 M.T.: x 100 Kg =,.170 x lO6Kg PK ­

170 x 106 Kg PK x 2.,,-x l0 ko 357 x 109 KO 
Kg PK 

=10.21 Ton crude oil (TOE) million KC 

35'C109 KCPPx 1TOE =35 x103 TOE or 35,000 TrOE 
' ~l ~210KoprK0 

- k. 
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[Idle IGATI,;) AGI(1Clll'l'llll~l 1NON- 1Ml G(ATE'DI AGRIlCULTUIR,Ii1 I,;R:1Y INII'U'[ 'J; I I *WxIl:,I.), U I RRICAATIE;D IENL[I1i(Y I jNJ]''I : ,lI IIEC'PA;I I l CONCORN II tKAi:;A:; I'I J TIfhl)lJCKA t.;AOjViN 

[ L&:m (QuariLi Ly/h: Ical/ha Fter Quarint i ty/ihz kcu l/lia 

I pul, I. 
Inpu t 

I,,tlhi 10.35 hr - LabrrM:1cI I y t-,l .34 hrhi5 990, 000 Machii n ry 55 k 99, (001:,:;Ii,,,o 29.-11 t 294, 215 aDstliteDi . r:;L 26.96 t 272, 539t.I51 I. 985 12 Di4e6'!tri-Ly 54.95 t 629,1992i. ') k.h 363 416 L gn;Ni trt1 ei 1 5.0 I: 2.06 L 15, 8722,220,360 E tecLtriti: Lylmh,:; t,,,ri:: "59- 25 k,g 126.96 kwh 363,486117, 70 Nit rotuenI',o L::; j .,,. 110.46 kg 1,325,5202,4 k,, 17, 9(81 PhIo:;pllh,, r:; 23.54 kg 70, 620 
20.2 I k,,. 505,250 Po La::;i ,z 10.10 kg 16,160lrrt'tLfljj i3H5.' a:t 1,023,491 Liru 78.50 kg 24,763Ni 13,444,25 ',d

imn:c Ii - i i,,; 15.68 kg 342,0002. 32 k 201,632
I,]rbi :iit: " . 1"/ k g 212, 9"30 lh, t'i a:idut:; 1 O. 1 k21, oric d, 1.41 kg 140,8'73 
Itry j It,171. 

kt 
g

5 " - l)ry i t'T 'a I:; it r t. i i i1 1107.92 kg170. '1 * 43, "/,ja T L; IL.ji. "136. 82 kg 35,163'1on L:a ! 20,435,523 'Total 4,52",823 

Ou Lmi 
Ou tpu t'I t) .y io ld 68t'35.,1,1 1q, 23,820,264 'Tota I y i Id 2992.63 kg 10,121,lProt, in y i: l 16609. 10 kg 2,436,400 PIrotci i yield 266.51 kg, 1,066,010 

kcal ,~i otaL/k,:: I inpt 1.7 kn il ,itLpl /kcIaIk,a:tl t'iiLput/L h u.r inputbtor 2,301,47/5 2.35kcal mi Ltl /labor hour 1,420,1139 

ZlPita I , ::,:,,1, :t ,,1 inielt hir 1"y . 
zlilt|tut o'd * ] , ":t:e I, machinery 

Di;ll i:ml,.I ' ne'g. tLi"i:'a i, o hricutIDav id Pi,,,:rtt,,lI, (~lC I't:;:1, ur ,l z, tl,.I: Lu . Il orida , 19 30. 



Large scale irrigation projects typically cover between 10-20,000 hectares and
involved consolidating fragmented landholdings into economic-sized units. 
 The
rest of the pumping requirements were met by diesel-powered pumps.
 

Irrigated cracts outside the LST 
perimeters are predominately small and
fragmented. Nationwide, 
among small farms less than 10 hectares large (which
make up 2/3 of all Moroccan farms), 
the average irrigated parcel was 0.6
hectares at the time of the 
1973-4 Recensenent Agricole. 
 These tracts used an
estimated 52,000 to 86,0C 
 TEP of diesel fuol for irrigation pu..ing.
o m z CgIL.igation pumpin on SMSI -~~~~~ rgt p
areas Of state intervention consumed as 
estimated


18,400 TEP of diesel fiel in 1980. 

Due to the relativeiv lower cost and ,-onven.ence of electricity, users
prefer electric pumzs to diesels as 
well as wind and other renewable pumpingtechnologies. 
 However, grid suppli.ed electricity is available in few areas
outside the LSI oerimeters. ost SM,'S'. -Dur users therefore use diesel pumps

(McWilliams) .
 

Although Morocco has an ambitious national rural electrification pro gram,it is not exjected to h'ave a major impac.t on the nataonwide use of diesel pumos. Some alternatirves to 'iJ.esel DU .O use will nIs -alater 
section.
 

Lives ock: 

The third and minor category of direct 
energy appears to be associated
with the livestock/poultry with an estimated 198 TE? used in 1980. Modern,
iAntensive livestock raising activities are operated primarily for the benefit
of hi.gh-incme farmers and cooperatives in the large irrigated areas. 

Fertilizers : 

All fertilizers except phosphorus are irmorted. (Three-quarters of the
.vorlj's known Dhosphate reserves are said to be in Morcco. Phosjhate
fertilizers are •anufactured domes'tically-. :he Strategy Paz:r mentions thatnitrogen fertilizer and "uality have short of need's. While beingseed been 
unable to find iata for orc.co cncerning fertilizer use by farm size anyield, it has been well icumenrte that i4moroved technolo:y such -as this isdirec tly related to yield increases. The A-D oarer states that only ,7kg cfnitrogen are used on average per hectare, compared with an apparent need ofabout 403 kg- per hetare. Fertilizer is estimated to be the largest energyinput into Moroccan agriculture. Refer to Figure 7 for specific information 
on these energy calculations.
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IV. 
 AID PROJECTS AND ENERGY NEEDS IN AGRICULTURE
 

Agricultural project papers, Country Development Strategy Statements
 
(CDSSs) and Agricultural Sector Strategy papers, etc. 
were reviewed to

determine which energy concerns were being addressed by AID agricultural

projects. 
Energy projects papers were reviewed for thei-r agricultural
implications. This section summarizes the findings from this review.
 

Agricultural Projects: 

1. CDSS - Agricultural Sector Strategy Pacer (FY1984): 

The CDSS does not address the subject of direct fuel usage and
 
availability for the transport of agricultural 
 inputs or for machinery use on 
the farm. 
However, the paper does discuss such issues as improved seeds,

fertilizer, h.rbizijes, in~roved farm machinery and tilla--e methods, forage

production for livestock. 
 The major energy use components are described as
 
follows: 

a. rr io - t2es ~ h n'si~tc § ra~n,rater y in e: 

highte 


3.se I -7..q'- A s' 3 :z;'-.. -.-. 
"ir'.irri...t.. 

-. r z n7_--. D cros sucn as fruil-s a.1 ve-et 
.,ou 

e S . r is noc menticn of fuel

required or increased energy inputs requirel for 
operation of irrigation
 
systems.
 

b. Small-Scale ",Mechanization - Says that increased tractor use seems to
be stagnating despite 
 low prices for tractor diesel fuel. M[entions importance
0o develoing improved tillage equipment for both macninery and animal 
applications.
 

,. Fertilizer - States that it is generally believed to be only 1/4 of
the amount needed for octimal ,,ron, orduction under currentlv nown

technolo-Y. e..c.renda..ons 
 :e :u1re .rog7rami 
area to ic:,rease fert-lizer suzply anl iistr- -ut z n.­

are 'or .. efforts in this 

:,orc>,o ,DSS FY 3!1) 

in the this recent CSS, the rainfed sector emrhasis formulated in late
1981 is re-examined. The original assumntions underlying RaiJnfedthe Strategy
were based on three items: 1) other donor oarti:ipati.on in the irri.gated
perimeters 2) rai.nfed agriculture would contribute to the larger number of
beneficiaries and 3) that the 3.S. had greater depth of transferable 
experienoe in dryland cereal production. 

.hi.sstrategy has been reassesse i n the light of 1984 economicreali ti. s wni~h n dercugh t condition.s going i.r!., a f,3urth ' ar, lack of a 
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substantial, proven technological package that can be effectively extended to
farmers in the rainfed sector, and the momentum of existing irrigation

projects on one hand and large cuts 
in development and operating budgets of
the Ministry of Agriculture, have reduced GOM's options for a major

reallocation of resources.
 

Due tc the vagaries of weather, it seems 
that energy-intensive irrigated
agriculture will continue to play an important role in contributing to food
and export production in Morocco. 

2. Dryland Agriculture Applied Research, Project Pacer ,'mendment #3, Project 
No. 608-0136, A, ;t, 1983. 

This resea, h project. according to the CDSS, is being accelerated andexpanded with the addition of a agricultural machinery specialist to carrya small-farmer mechanization *component. This will include 
out 

a range ofacti.vities that will be ire ted tIcwards iam-roving cu.L ti.ation, -,--tin- andfertilizer application practices through the development of better tillage

equipment for animal tractj....s and tra trs. T.e Pap.er did not 

........... 
 s . .
. .. . . ."rv -" . *.9) *."A-~*]*~ Pr -r 

e'S
"S ­in 10ro"': o :.s-flivestock uion. majority ro ain of animals are undern-cu-'.i.e 

A rural sociol-ist has been included to ide a -rcv betweenlink
agronori.c, econcmi.c, and sociological resea.ch activities, 

the 
it is imnortant
thrat thi~s cersn also examine energy :.nhours into the farm system in the 
51
Farm Survey. -- w.as under this croject t the detai.led , onhuman/animal/machinery component of the farm classification system was 
done.
More information to included aneeds be in similar survey to e:cnmine farm
 

energyyse.
 

zevec~mn:t toeratcir: an hi ~r~~c~ ng carle ac s n

iee m 
 ,.c:. - "* anc-i, sin:-iy 

ecornomJ..caiLv '.sea an: 

. .. ,t w or not 3,., : ,r i.n c o'-'inati crncan be 

: . '.,-Ts ances.
 

.nomirc.: tte3. . nst]. T32.- l , 

The mai.n purpose of ths poect is to complete the ievelopment of amodern co e,. s: i..ul tur. -nropriate to .,orocan agricultural
devel ,t:.r "'e faculty is ce g trainei i.n various 4isi.lineS. As of 
1980, no or.eas -ir.-haim in Frestr7 :r Fooc Tehn'-"...gy. 

Planni.n.-, c.un-c , a-I 3 is:.cs -- -oA-J il ture ,'J-l2 

Xere aceurate a-i ;i.me..a c. r. rerta).inng to agricultural
statisti-s ani anal'y7sis required for 
 eiscons isicyc J.r3o;edthe goal of 
this pro-ect'. 

http:resea.ch


There is no mention of any statistics or surveys being carried out to look
 at energy use in agriculture specifically although envisioned survey include
 
the areas of irrigation, agro-industrial use, livestock, etc. 
 Nothing i.s
mentioned pertaining to fertilizer use, seeds, etc. 
 Further information on

this project is discussed in the section on Project Design Considerations. 

5. Range Mangement Improvement Project, ("6O -O145):
 

This project is essentially aimed at vegetative regeneration and the

improvement of rangeland. 
 No energy aspects are especially discussed.
 
However, fuel will be a recuirement for farm operations 
to seed ran eg

grasses. Also weed control and fertilizers will be needed to produce

wheatgrass see,: or a i30 hectare seed farm.
 

The GOM will pay for the Range Program Operating Budget including

shelters, ponds, etc. 
 Nothing is mentioned on the payment for fuel and

.ert.lizers but it is oresumabiv i,-oluded unoer the ='.'s costs. Intensive
rangeland management will require additional energy sources for seeds,

fertilizers, farn orerati ons, etc. The l.c. of ccnercaJ. l ener-v for these 
'rrcses ' " - rri. to 0 a no , 

. . ~ ~.. 4. - . .. . . . .. . . . . . . . .
 . .
 

. ... ...
.. . ... , . q 

are heirs us- or 
. . 

fu . .. .as . raJ.sot :eIa
.3on: 
specj.iial ly, it -s :..tc :.: ex'-e--t- range :l:ts as-e-se t: fuel iscontri.uting to the lac- of or. -e a:nd lan. deradatior, i.e., t may be that

the olants used are old-er r4. -re not satJ.sfactr-,- for feed. 7t might be
 
useful in cases such as these 
 to nave a :icmass exzert assess the situation. 

6. Doukkaa - .nr-a rrj.-ation ?ro ct: 

This project included the construction of 4 pumping stations with
 
necessary cower connections to ,rovioesprinkler i -ri-at-on foro hi- h value
 
crops ausno-,ar beets. ittle .as'.s er, ...... .aie r-:7a-iin.. 

e. ' -" rigatic.n rn i--.. uc....:o 

- t n ,C . . . <_ . . -- .. .'.S -- : .'z. ....
 

an: J.::a tro...n e to be l
 

Energy Proje-0 e_ : 

I. Renewable e Develoment Proect 

Possible -agricultural a t of ener-y ehnolc~ies -escri.bed in
this re.ort for resear.:h and lot oro je. ts -.nciu4e the use of small-scale 
h.ydro, wi.na, a:. lotovoltaj.cs These an -- used for .,,
J.rr t.. rovJ- ln 
water for livestoc::, provi-'n- " efrigerati:r fr cen* ralJ.,:rc storage an!
fish preservatin . here -are-any oth-er potentJ.al uses of ee, r- city or 

- 24 ­
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m g ar :3etc .4he,4Bioma3nve 
I ' ';" I ........'..... en i ic b-In-gas,,nero : -60: 1 ';" :3 

7633,, L,':Ii< '3 2'; --.­ 3-33 #V:" " 
3 
. A- 3 

i,-­ pro ,'ee! ..: is,- 3' ,t o ,: -o r 

This projectehassfunded a recent study on the fmarket.potentialfor g-
energy techol i rocco (McWilliams). The economcs of 

energy inputs and their possible substitution for diesel and a central grid
network for water liftingrare examined further in Figure 11. 

3Co 

' 

'2. Conventional Energy (#608-0176'): nh 

3 - 3 

--

This project is to strengthen and accelerate Morocco's indigenous il and 
:.gas exploration programs. This could have energy implications for agriculturein -the future-,-- a d e p------- f 

3.aEnergy Planning (#608-0180): 

..., . . A -u tue-,-y .In e f ce :. . 

1.-anThis anproject will assist in toasfthenand inttofnraznd Miese of 
providing advice directly to -the decision-makers responsible for GOM energy
policy, pricing structures and investments. 

The predec'essor to-this project was the S&T project ertitled Ener~y ?olicyDevelopment and Conservation (6-57281) whnich aime os rntente­
institutional capacity of Xorocco's Ninistry of Energy and Mines in the area
ofenergy planning analysis.-

Discussion of Research Needs and Current Project Activities in the 
Agriculture/Energy Interface 

Specific portions of these project papers were classified by agricultural
inputs, i.e., machinery, fertilizer, pesticides, seed propagation, and water
for irrigation, needed for agricultural production; along with other 
components of, the agricultural system suclh as transoortatjon, processing, andfLocd poreparation to determine orhether projects were- addre ssing carticular­
needs in the food system and i~f not, what gaps could be iidentified. The 

,--results of -that exercise. are depoicted i~n Figure 9.-­

4 

-

In general, the agriculture and 
-­ portfolio cut across many problems 
system. The agricultural projects, 

energy portions of the AID project
that related to the food and energy 
as could be expected, concentrate only on 

3 5
 333'2 



FIGUlip 9 
ENERGY At) AGRICULTURE ISSUES IN O1 nmb)e0)CO AID PROJECTS 

PRODUCTION 

AGRICUL'TUIiE 

ISSUIES - ENE'RGY/AGRICULTURE HOW ADDRESSED (OR NOT) 

Farm Machinery Development of improved equipment for both 
animal traction and Lractors to increase soi.l 
moisture retention, and improve efficiency of 
fertilizer ard seed use. 

Dryland Agriculture Applied Research 
Research Project: Small Farm Mech­
anization Component 

Animals 

Fuel-Diesel 

How much energy will be required? Cost? Sources'? 
etc. 

Better noursiment of livestock for animal 
traction, 

Existence of fuel supply shortages affecting
farimers'? 

Not addressed. 

Range Management 
to increase food 

Not addressed. 

Improvement 
production 

Project: 

What altern-ttives (i.f any) 
fossil fuels in tractors? 

exist to the usmtge of Use of bi.o-gas i.n tractors 
under a study commissi.oned 

di.scussed 
by CDER 

Fertli zer Methods to increase fertilizer use and effi.jency Dryland Agriculture Applied Research 

Insure that all farmers have continuous acce.s:; to 
fertilizers. it is estimated that only .1/4 of
the amount needed for optimal crop product:ion under 
current technolog,y is being used. 

Project. 

No current project. However, thi.s 
need was mentioned in the CDSS -
Agriculture Strategy Paper. Some 
project design work i.n thi.s area was 

ncludea in the Planning, Economi.cs, 
and Statistics PID but was not 
irncludedi.n the final project.
Mission seems to be thinking i.n the 
di.recti.on of developing a project i.n 
thi.s area 

Very 
Need 

little 
for 

i.s known on fertilizer 
data collecti.on. 

use and yields. 
No current work being done in thi.s 

Organi.c fertilizer production from bi.ogas :31LuCLy 

area. 

Renewable 
Project 

Energy Development II 



Nit.rogen Fixation No current projects 

Feasi.biltity of alternatives i.n production of 
and N/IP products including local gas, other 
feedstock or imported NH3 (ammonia) 

N No current projects. Mentioned a.n 
some early project design work i.n 
this area. 

Study of 
are faki;Jn 

market development 
in using fertilizer. 

and constraints farmers 

Pesticides Possibility that better access to pesticide could 
be addressed -in conjunction with a fertilJz.er 
supply and distribution program 

No current projects. Mentioned in 
the CDSS - Agriculture Sector 
Strategy Paper 

Seed Propagation Seed producti.oni for reseeding of range gras; Range Management Improvement Project 
(a 100 hectare seed farm is included) 

Water 
Irrigation Need for research on increased water use efficiency Discussed in CDSS - Agricultural 

Sector Strategy Paper 

Need for informati.on on energy requirements
i.rri.gation systems. costs? sources? etc. 

of 
Not addressed. No discussion of 

fuel or energy source used i.n an 
evaluation of an AID irrigation
project, i.e., An Assessment of the 
Lower Moulouya Irrigati.on Project 
nor in a sprinkler irrigation system 
in use with 4 electrically powered 
pumps, i.e., Doukkala-Zemamra 
Sprinkler Irrigation Project 



Very little is known about the quantity of energy 
used in irrigation systems in Morocco 


Ir riga tion 
Livestock Investigation of alternatives to diesel pumping 

i.n off-grid areas. Preliminary studies being 
done compari.ng wind and PV--costs and benefits. 
(See Figure ill for further information.) 

cO 

A study with some information on 
energy usage i.n irri.gation has been
 
done under the Renewable Energy 
Project for the Center of ? (CDER) 

Data pertaining to irrigation 

systems and their energy usage could
 
be colle,;ted uder the Planning,
 
Economics, and Statistics Project. 

Renewable Energy Project i.n CDER
 
papers by Andrew McWi.lliams and
 

Allan Wyatt.
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the., productin, aspects ofagric-jjt~jre,;'whe reas -,the4 energypoet ld
~~xa~cnerig~arcl 
 pouctioin,< pr'oe'es"sing, ad prpra oofood. Transportation a's a component 54f cthe £ood sytmhsseigy.be~d:neglected by the two sectors as illustrated -in the folwn chr: 

Figure 10. 

SEnergy. andAgriculture,Interface in Moroct
can AID..projects-'

4 i.the Examnaton ~of~the Entire Food System.
 

AGRICULTURAL [TRANSPORTATION CPRODUCTION 

In uts Inputs to 

Agricultural 

Energy
Projects 

Projects
 

Field
Operation Products 
 C.3 S EWC 
Ifrom FarmJ Hj

at onr-= Gate to RIA 9 IPR"e-rtiLizer 
, 

I II 1 ~Z2 

Agricultural Focus-


Nooverlap-

Focus rEnergy 

VV :V""< ....... 
 V,)=V VThe agricultural projects primarily focused 
 ;-i V.
on the agricultural production
system concer.ning energy-related inputs such as machinery, improved seeds, and 
14 

~VI~V.water 
,There
for irrigation. are not ayseicprecscncerning the use.

<1..of fertilizers. and -oesticides 'irn iorocco although the Mission has indicated >int retzn ,this area for future programming. Specific& issues of fuel and VS energy to operate these inputs were1and ontract.rs. , 
often overlooked by AIDpoetdsges 

- ID project des2ners...... 

The trnportation aspect of tefoodV system was ngetdby both
renewab::::. ;'it.e energyValoaous thltt ssUl
V andenergy agricutralt 1pr;.'si<' g KtVagriculture 
n ti de;re in 

V 

prjcsatog 
 some general work on transportaton-
V&VV

Y< has been done under the c~entral~ly-funded n V&/neg VoiyeeomnConservationProject.~ No informiation was currently available on specific1 i{ 1 i 1 I;' VIV VVVV V energy use in tranportation related to 
 1 eds'
 
Vgiutr 


I'.<,iIV ,.V 
 + , ,

Vsystem ing~r ra rdu 1 ill Va s1Vn e V 1 1. ,< VVV< Vtion, VV 1

V hFri' aof tnas~ct Lof~h theV~ ReealnryPoetr~ae subs Some ,prepraton f,:oo- hic V igiulua proc tessn andwee n covere bymthelao col Ur 4~& 
PVVVJ 

i-:serVva.V'rIe .. ,o. 4VVVc'V 
 nt 4V;~ a bV~VV<VeV VorV- Iroi i 1< -V Veoif 

prrper tioasects of th. Rn . :ew.aloei~nser' toug~t esaied eio agr~culturalpro'cessingnSome 

http:ontract.rs
http:sytmhsseigy.be


5 j1 	 plants suc asin the gasificatjon o lv as o s nifeigbies
 
et. i 
 PV:,powered 'rf rig'e rAtilonyfrcentraliz'dcpstrg an 	 fi~~ 1preservation; and the REP is also16supportin~effortito r~eeeg

consumption for home, prepalration'of food primarily to~make'more' efficient use'
~i!7"~;~; of fuelw4ood., 

V. 	 PROJECT DESIGN CONSIDERATIONS -EXAMINATION OF 1'NERGY ALTERNATI IVES] AN .DMORE COST-EFFECTIVE SUPPLY OPTIONS
 

'Development planners need to be cognizant of energy use considerations in 1,.order 	to select the most apporopriate energy sources in projects. 
 SomeI
recomme'ndations for 	general project design have recently been included in
H~andbook 3 (Appendix 3-0)
Projects,." 	

entitled, "Analysis of.Energy Use and Prodution inIt discusses, among other topics, ccmparing,energy inputs per unit
'of output produced as a method 
to rank energy use 
types. This may be possible
if the production of an agricultural commodity is involved, however, in many
AID 	 projects, it may be difficult to relate energy use to tangible outputsespecially if it concerns a training or research project. 

Following i~s a brief attempt to examine what possiblearsopinculhave been considered for a irri:ato p)roject. In engy othe .col
Doukka'la-Zemamra: Sprinkler Irrigation.Project (#60-0127) as an 	 exampole ofselecting energy choices in'agricultura.p- jects, the project's stated ' pu.rpose is 
to establish irrigated agriculture on 15,410 hectares in theDoukkala region. sector toThe goal is increase agricultural production forimport substitution and for export. 

The Handbook recomm.'ends that the project's inputs and outputs similar 
to
that stated in a Logical Framework be examined to determine what energy
sources will ,be consumed and/or produced. By analyzing the stated inputs and
 
4,magnitude 
 of outputs, we can determine that energy will be required forseveral components as follows: 

1. 	 Irrigation inr 4 sections 

2. 	3 community centers built and staffed;
 
6 mikclecin tations built
 

3.193 	km roads built; 50 km telephone lines operational

Connecting 7 village centers with roads, electricity, 
wter and schools 

Nothing was mentioned in the project about the energy needied for the
vconstructi-on of roads, irrigation systems, pumping stations, extension of
jtelephone lines, etc. Ini'the irrigation component: it 
was 	determindta
 
- %-kIsprinkler irrigation system should be used due to irregular 'surface and soil:tyeinvolved Which did permit landnot 	 levieling for a gravity-flotq system. 

~ 	 '~-~31 
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'~" Figure 

' USE CON'SIDERATIONS: WATER ?EflPINC>G 

Intle cos of6. HP'Cdislpm an dise' flos provided 'by
~M. Haouti,, 0RMVA"'Soiss-1assa (November 15, 1.983). Other assumptions and,'"' 

~Harrj St'eingass andAEtil Asmon,,-4Market:Assessment for PhotEovcltajic oe ,Systems foiAgri'cultural Aplications :in Morocco, September .1981,p 6-6,,
 

Intema Discounted 
Item.Costs, costs,__
 

6.25 HP diesel motor with ump 3,200 3,200 A 

Overhaul,.end 


purchase price) 


~4~( year 3 (601" of 

1,920:1.1 1,253 

0'v'erhaul, end year, 5 including 

' seat 


pur'chase Dri66' 


' alue~ change -- 70" of­

2,240~ ,114 

4Overhaul, end year 8 (7~0') 2,240 732 -

Relcmnt, end year 10 3,0 
 70
 

~4~'Overhaul, end year 13 (60%)' 1,920 312 

Ovehalen 
 year 15 (70d) 2,240 -275 ~ 

-' Overhaul, and year 18 (70%) 2,24.0 181 

Check Jinjectors and' injection' 
A 

pump.($60'every 15 mo) 50/yr 

Diesell fuel> (1.5 1A/hi for 1',000 h,05 A
 
at ,1983 cost of $0.36/l~plus 
 ,' 5,052AAA~A 

~j'ivf$0.31/l1 transport cha 58/yr 
 AAA '' 

\~~V~KOil chaiige,, 2.51-per 10 h at A' 
KV­

$16 1, 7y
 AihfleA 

valu
of 
 Arsen 
 A AA'cyc 

costAs dicutdat1%1,1
 

Esiae pupn
30oo pe Ao~ AaA

A3 Aea 600,0
 

--S 4-- A Ak 3 4 AA-A ' A A 



S USER C0NSIDERATIONS: WATER PU14PI1NG ) 

Initial ~ Discounted 

Itmcosts, $ _________$ 

Q~Electri.c AC 5 kw pumpset 2,700, 2,700 

S ~~ Replacement, end year 10 2,700 667 

Electricity 5,00 kwh/yr 
at *0 Ob6/kwh 30/r 2,159 

3001y
 

Present value of life-cycle
 
costs di~scounted at 15%' 
 5,526
 

E 3t ima t ed pumping volume a,-0,00..X 
30,000 m3 per year 0oo
 

3 ;stiate'afer nalsisin teingass and Asmon, Pp. 6-1 and~6-17, butassuming average PVj cost o 1/p 

4.1981 price World Bankc, Market Potential for Wind Energy in Develop'n

Countries.
 

Ibid, p!4-68. Life-cycle costs calculated using 10% discount~rate, vs.~~ 5%~usd~~hrei ti tbe. Wile. costs are thus not, strictly
speaking, comparable,, the practical impact o~f thi.s discrepancy is small 
because modst o~f the associated costs are incurred in year, 1. 

3 5 



1 

the nrhA.t, ' n r y is u s o h u d o 6 '-t 

o shoul d aboncet ''oa ls; for'
example, in,'Kenya,-it was 

, o 
the author's 'experiencethatsuvyreacws
often imp'eded due to the lack of petrol to run project ~vehicles;.and 2)
obtaining statistics and carrying out surveys pertaining to energy usage in
agriculture. In the project paper there is 
no mention of ene~rgy related data
for irrigation, i e., 
gravity assisted vs. 
pumping; for fertilizers, i.e.,
yields and type of fertilizers being used by crop type or farm size for future
planning efforts in this area.
 

If statistics and surveys do not obtain energy related data, 
an
opportunity will be lost to energy, agriculture, and, development planners in
their efforts to increase production in the flood sector. As mentioned in theintroduction, increased investment in energy inputs in the agricultural sectorhave perhaps greater pay-offs than in other sectors. Knowing where to makewise future investmients, i.e., 
in irrigation, mechanization, fertilizers,
etc., will be abetted by the collection of this type of data.
 

VI, SUM'NARY AND CONCLUS IONS: 

Recomm~endations for Future investigatiocn ard EJmphasis 

Some suggestions and areas to loo'k at in the fu.ture concerning M4orcoo(although it can applied on a more general focus) include the following: 

Increased Use of Nitrogen Fertilizer: 

The Agricultural Strategy revolved around the goal of increasing cereal
production to reduce the 
rate of cereal imports in Morocco. it discussed the
need to increase the supplyV and distribution networks for key inputs,
especially for nitrogen fertilizer. The Strategy stated that only one fourth
of the fertilizer that could be potential-ly used to increase crop yields under
 
current technology was being used.
 

Nitrogen fertilizer~ i~s the .Largest energy input (albeit indirect) i~nM~oroccan agriculture. There are no fertilizer production plants in thecountry and all their supplies are imported (Exploration for natural gas J.s
currently being undertaken in the country may make the production of-nr2trogerfertilizer possible in the future. 
 It should be looked at jointly by energy
and agricultural planners. Currently Morocco is 
a leader in the Droduction of7
phosphates). 
 The argument could be made that a country such as M'orocco can
not affofd imorig xcs nitrogen frcarry-over in o rainfall seasons. 
lowever,,the benefits relative to the costs of a fertilizer strategy could be
substantial. 


I 

AEstimates-listed 
 'Jn some pre-project design work indicates that 1 Kg. ofnirgncostiing abouit U.S. 60 cents and apled in medium and 'high rainfall areas will Aproduce on average, an additional t1365 kg. of wheat, worth aoob 

A-AAA A-AAAAA~,AAA ~ 
AAAAAAA.AAAA>A 

A 

AAh-~ 

A36
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2" ~is' i oii~hly b~~ & -cost ration of 4 1­

:ctdfrom Ecnmis PID;ngn
pa 46; further info'rmlation 
regardin~g a programi~of. this nature includingan better -Upply and distributionnetwrks alernatj.ve ihethods' rfi'nitge fertilizer production are
elaborated on i~n the Agricultural Sectodr Strategy, Technical Appendices, p. 
 ,. 

2. Tillage Methods'Improved for Animal, Traction and Mechanization: 

The' Haute Chaouia data on energy use by farm category illustrated the high
rate of mjechanization in that area. 
 Research in the improvement of tillage
equipment for both animal and tractcrs could ai~d in increasing the ov~.erall
 
'efficiency 
 of fertilizers and seeds. 
 Several sources mention that instead of.
broadcasting, better placement of fertilizer and seeds w4ith a drill would
i.ncrease yield gains and create 
some savings in seed use. 
 Other sources
mention that plowing doneis too deeply thus reducing amount of moisture
available for the crop.
 

The Haute Chaouia data also stated that there was excess demand for,harvest combines i~n 'the area. There are regional extension ceters that 
provie22 eqipmen. ".~rvideeoui~entfor use by farmers although i~t is gene rally agreed that

these 'centers poorly maiatain the equipment and tliat break-dcwdns are 
' 'equnt.Thiscould be areaan for future private sector inv~olvement since,this seems .to have been quite effective for custom tractor work. 

3. Irrigation 
2 

The rainfed zones composed of small and medium scale farmers rely on

diesel fuel for water pumping because they are not attached to an electrical
grid system. 
 Their estimated use of diesel is 62,500 TEP (a conservative 


2 estimate) contrasted with onlY'5100 TEP of diesel used in the large-scale 
" 

42,.,irrigated 
 perimeters (illustrated in Table 9).
 

~'hile exact statistics are unavailable, it is probable that there will be 2an increase i-n the average com.,mercial energy i.nput per hectare of irrigatedL 2, land, as more, farmers refit existing hand- and animal-oowered ptimps witha 
2 ­ mechanical pumps, in order to maximize their productivity. ~ 

According2' to McWil iams', sales Of small diesel' and electric .otors. for 2 
2 irrigation pumping have continued to increase, in spite of signs that the
of additional land suitable for private pump irrigation is 

2 22 
2,sppl.y 


nern 2ts
 

2-22'2 

2 

upper2 limit. He states that the retrofitting process will be accele'rated ifthe draft Ministerial de'cree providing for 30-40 percent subsidies. to assist 
-'2 

~ 
2,2- private farmers in equipping their wells2,with mechanical pmsi enacted. 2 22
 

Because the rural electr~ification program is not expected to have a mnajor 
22"22~2­ thnation-wideeon he'uempact of diesel. pumps for irri.gation, duesel fuel will 2be&an important ccnsideration in any future, iriato 
prj taking".place in.,±2,2222'~railfed 2areas. 2in, irrigation 

2 

projects, 2as men~tione~d earlier, energy 
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~m'v~: requirements and e6xaminations of alternative sire 
fpwrsol~mA7

i>Asuyas
in process sponsored by the Renewable Energy Project~looking at 72 

currert 
renewable energy technology in Morocno that will give information A 
regarding.1-che prevalence of renewable energy technologies for pumping water 
and other ,renewables. 

The AID Agricultural Sector Strategy (FY 1984) mentions the interest in
future work regarding the improvement of water use efficiency. This is an

en-ergy-related~ issue and its exam~ination may ultimately contribute to reducing
the amount of energy needed to pump the water. Unfortunately, 
some of these
 
systems are capi -al-intensive, such as in drip irrigation.
 

4. Energy'onsiderations in AID projects:
 

A. Type of System Selected:
 

7As 
 illustrated in the Doukkala-Zemamra Irrigation project, very little
 
analysis seemed to have been made 
on choosing the appropriate energy system.
Project deinr 
edto be cognizant of foreign exchange constrairhts imposed
by certain types of energy used in projects, engineering efficiency of the
system used; eta. These are discussed in-deoth in he Handior Se- ion ' 
entitled, "Analysis of _Erergy Use and Prductio i~n Projects.Sctio 

B. Recurrent Energy Costs: . 

n examining the Doukkala Zemamra Irrigation Project the costrecurrent 

therof quiy o waer uer
pay for the water usewahemetio harestheissue of who would
charges and for electricity required to operate the 

collection stations, etc. 

ilk
 
remained unaddressed.
 

Recurrent energy costs. are 
often glossed over and may 
serve as a
bottleneck to successful..
implementation of a project. 
Often it may be falselyassumed by project designers that host governments and project beneficiariescan. absorb these costs. Yet if reliale fuel supplies are not available fortractors, to run vehicles at research sain, te nir*poject , effort may be in vain. 
This seems unfortunate when fuel costs are 
relatively

quite small i;n comparison to total project costs.
 

C. Personnel:
 

There is starting to be a perceived need to increase communication between
 energy and agriculture personnel. 
 Often people are' comnpartmnentali.zed by
discipline which can in turn lead to d4isjointed project efforts. This can be
avoided by assembling personnel 4of several related 
 s it be
agriculturalists, foresters, biomass experts, enery st 

.'futureproject designi and 7project reviews.g pcilss eci
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5.s Trn lo ~tt,6 

A g'p~as'idntiiedin hetransportationcopntofheodsyem

Thisl'area has not really, been addresed b~y agricultural or energy projectsWhether this means this component is not..perceived as a major bottleneck inthe agricultural system or 
it just hasn't been addressed was not clear.
 
Little was seen 
on the material reviewed con.cerning road networks, fuel
 
availability problems or farmers access to inputs and markets.
 

Some,work may begin in this area if the Mission were to decide to move
ahead with a project on fertilizer use. This would address the input side of
7transportation concerning fertilizer supply and distribution.
 

However, there would still be a gap concerning energy needed for
transpOortation to get products from the farm gate to market. 
 These issues
could be incorporated into the 
new Energy Planning project for further

analysis.
 

o. 
Better Data Collection Pertaining to Agricultural- Energy Statistics:
 

~3oth agricultural and energy projects are deficient to' scmae exctent inthecir data gatherin~g processes. 
 Of ten the energy component in agriculture
considered too small to be examined in energy projects and sector studies 

is 

(this has happened both in AID and World Bank projects examined for Morocco).
or the energy used in agricultural processing (especially large-scale) plants
is classified as an industrial user and is 
not considered an agricultural 2 energy consumer.
 

Agricultural projects should give attention to the collection of data
 

which may shed light on the bottlenecks that the lack of proper energy sources
 
Agricultural Research and Planning,'Economics, and Statistics projects should
be examined: 1) -to
allow, for addition of components pertaining .to the usage of
energy inputs by farm size, 2) 
to increase the knowledge available on how
 ~ hghe enrgypri~ces affect farmers, 3) to determine the potential-for

substitution of' alternative sources 
(depending on the price elasticiti.es of"
Lossil. )t ­bain fertilizer usage data by farm category and 5)obtain data on energy used in irrigation so as to determine possibilities forsubstitution of alternatives. 


, ,f 

~ . A survey similar to the one reviewed in this report (Morton, 1982)colinclude the aforementioned informationi requirements relevant to
agriculturalists and be helpful in energy planning 

. 

as well. Data is also

needed for other components of the foo0d system such as
w' 

44, transportati~on 
,.~,(mentioned above), agricultural processing, ar.d inocrop preservation and
 

storage.
 

.-.. It is hoped that these findings will prove useful in identifying andrefining future resear'ch areas and AID programming ed. 
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