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Tals repor: 1s the rasult of a study undertaken as part of a sarias of programs
iniciatad in 1983 undertaken by the Office of Energy within 7.S.4.I.D =o assess
critical policy issues functioning to the energy sector and L:Is relaciomship co

other critical aconomic activities and, in particular, agriculturs.

Dufing aarly 1583 a tveam from Arthur D. Lictle, Inc. completad a grojecc in
Pakistan dealing with the rslatiomship between rural eleccrificacion, irrigacion

pumping, and agricultural outpu:.(l)*

This project exhibitad in quancticzacive
tarms the important links betwaen rural elactzification, national energy
planning, and the expansion of agricultural outpucs. I daalz wich nany

‘practical issuas which impact near term decisions such as the cosc =o henefi:

racios of increasing ag:iculcu:%é cuspuc via gumgad izrsizatisa, thesizmzacss o3
slectrifiad pumping on elecctric system caracicy raquiremencs, and the ctrade offs

Decveen dissel pumps, electrifiad pumps, and, in che future, thotovoltaic pumps.
Similar critical policy and project orienced Lssuas are arising wich increasing

fraquency.

In order to obtain additional insights into the comnection becween agriculcural
axpansion using irrigation and energy sector planning, a member of the projacc
Ceam participated in an assessment of irrigacion options ac specific sitas along

(2)

the Senegal River and made preliminary assassments of :the potencial impacs of
irrigacion expansion plans on the energy sector (and vice versa). Tais work
reinforced the conclusion of che vical rols of energy relatad costs on

agriculsural aconomics where irrigation pumping 1s an importanc inpuc.

*Numbers in parenthesas refar to refarences at the end of =he Tapors.
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The experience referresd to above indicated that it is cricical that energy
related issues be formally addressed when considering large expansions in
agriculcure based on pumped irrigation. Otherwise, irrigation projects might be
implemented which cannot be economically sustained over the long tarm once the
recurrent costs associated with energy delivery to the pumping systems become

transparent.

1.2 _Jmporsance of Irrigation Pumping

The expansion of agricultural output in many LDC depends increasingly on pumped
irrigacion systems. This is tzue for countries as divarse as Bangladash, where
irrigaction pumping is aessential for multiple cropping, to Egypt, where further
expansion of agriculture is planned in arid new land areas and Senegal whera
development of the Senegal River Valley depends almost antirely on pumpin

The expansion of irrigation puaping is now or could be accomplished via ruzal

el2ctriiicacion programs. These pTrograms are. exXtremely Iimportant elaments in
energy sector planming and policy developmenz. For example, in Pakistan,

electric sector expansion consumes over 80 percent of the total energy sector
budget. The major donors are also heavily involved in elecctric sectos axpansion
programs amounting to well over $3 billion in 1982. Roughly 15 percent of World
Sank financing and 25 percent of Asian Development Bank financing is devoted to
electric sector infrastructure development - much of which is either direczly of
indirectly associated with rural electrification.

I::i;::iod’pumping i1s a highly energy intensive process. As a rasulsz, the

operation of the irrigation pumping systems Ls orften cthe predominant load

"

within the cural sector. For example, in Pakistan over 20 percent of all Dowe
generated s used Zor overasion of pumping systems. Along the middle and upper
sections of the Senegal River Valley over 90% of power generaced is o operates
gation pumns*. The large impact of pumping on electric loads is readily

uncerstandable given che Typically low use in individual homes in LDC (.5-1 kih
78T 25¥D as cowgarad St oeven a modest sized irvisation Pump (50-200 kWh/day Zfor

@ aw fa 2ULDH

*All power in these regions is produced by Diesel generators or Diesel pumps .
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The role of pumped irrigation in increasing agriculcural productivicy and che
well being of rural populations is becoming very important Iin some countriss.
For example, Paziscan is now marginally self-sufficient i{n food largely as a
rasulc of pumped irrigation, which Ls now usad in over 15 parcent of che arable
land. Similarly, increasing agricultural production along the Senegal River
Valley depends almost exclusively on the moras chan 300 pumping uniss aost of

which have been installed in che lasc five years.

In these and othar countriass, the continued operation of diasael and electcrifiad
pumps is btecoming increasingly critical to ths overall productivicy and
predictabilicy of cthe agricultural sactor. Thesa pumping operations are, in
turn, cotally dependent on a predictable supply of energy ac economically

justifiable costs.

The issues associated wich the cost of pumping water may already be influencing

thinking on the role of che typas of irrigazion svstems in Africa. For exampla,

i»)

one World 3ank official indicazad that =he 2mzansiva d2wvalopzenc of ovar

1,000,00C acras in Sudan based primarily on irrigation pumping highc need = be
raconsidared in light of increasing energy cost and iack of alectric gernerating
capacity. The higher capital cost options of gravicy faed wvia use of dams and

dikes would be an altarmative in some aresas.

This xzeport deals primarily with the full range of costs associatad wich
irrizacion pumping-and associated ramifications for agriculcural economics and
irrigation project planning. It is, however, recognized that many of :the
problems as3cciatad with irrigation projects ia general and wichia Afzica, in
particular, are associacad with inscicucional, social, and managazent lssueg.
This view i3 described , in decail, in Raference 2.0 and was reinforced oy a
Zi21ld worker on an irrigation project in Senegal who statad zhac "90% of my tize
ls spent on managerial and institutional prcblems and only a small porztion ac
cachnical and system design issues". It should be nocad, however, =hac
irrigazion pumping oftan exacerbaces =hese =alatud 2anagerial and social

droblems. Tor exampls, In Senegal a major portion of che Tanagerial affors

s
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assoclated with operating the small (20 -~ 40 heczares) perimeters 1s associated
wich keeping tha diesel driven pumps running. This is onme zeason that the
aission reviewing pumping optioms in this region leaned toward electrifvying :che
pumps where this was a reasonable option and, thereby, relieving the local
irrigation perimeter management of ﬁuch of the bturden of maintaining and
operating engine driven systems. In short, the effective management of che
water discribution system, cropping schedules, and finances is a difficult
enough task without the added cowplexitias of the pumps. The evaluation of
irrigation pumping options, therefore, should take into account the persistent
problems in running and maintaining complex mechanical equipment as well as the
conventional economic comparisons between pumping options.

There 13, therefore, a vital link between agricultural production and enezgy
sector capabilitles which must be addressed if irwigaction projects depending on
pumped water are to have long term viability and, in particular, have recurrent
cost structures (fuel, 0&M, and capital) which are sustainabls based ¢&n the

increased value of agriculcural ouzpuss,

/A Arthur D. Little, Inc.



2.0 APPLICATION TO SURSAHARA AFRICA

2.1 Irrization Expansion Plans

MYuch of subsahara Africa has been experiencing drought or near droughc
conditions for over 10 years. This, combined with rapid population increases,
has resultad in persistant food production shortfalls in almost all countries
affectad with associatad periodic famine which have- gottan renewed public
accencion as a result of the situacion in Ethiopia. As a result of this
persiscent flirting with agriculcural disastar, all che domors in chis ragion

are now or are considering placing major emphasis on the agricultural sector.

A significant portion c¢f thesa rasources will be diresctad coward projecss
inrelring the me:ovemen; or expaasion of Irzizztion syscams. For exampla, czha
C0SS Zor the Sahal<a) stacas "Cur iavestigaticns hava convinced us chat che mosc
Likely evolution of rain-fed agricultural production will not 7ield che outpuc
goals and schedule we have sat for the program. This production will inevitably
be hostage to periodic severe drought., It 1s, tharefora, advisable and
necassary to undartaka a major effort in irrigation davelopment to axploit the
considerable volumes of rive wacar which now pass through the Sahel unused.
While much Irzigation is currently practiced, only about ten percant of che
potential is being exploitzad. A.I.D. and others have hesicazad co undercaka
major efforts in irrigation because of the expensive Iinfrastruccura raquirad,
<le cechnical sophisticacion involved in the operation, and che dismal
experiences with many initiatives to data. Yec, irrigacion developmenr is
required to realize the region's produccion poctancial and assure food sacuricy
and we are convincad that thase problems can be overcome. Wa propose o pracsed
deliberacaly, to acquirae the necassary lmowledge in seleccted piloc invesctmencs,
to rahabilitaca infrastructure in place and to gradually expand clie activicy as

our compatance lmproves."
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On a similar nots the Annual Budget Submission for U.S.aA.I.D., MA.LI(S).v
indicates "From a national and rsgional planning framework, it is likely cthat
only improved utilization of the Niger River for irrigation will close the gap
between food production and population growth." As suggestad above, the
expansion of irrigation in the Sahel and other drought prone regions of Africa
is an almosf unavoidable result of a policy to expand agricultural outpuc. As a
practical matter, irrigation will be carried out wherever possible using gravicy
fed systems where the basic water supply is a river. However, in many (if not
most) arsas the copography is not conducive to gravity fed systems. For
example, the Sensgal River experiences changes of level of up to 30 Zset hetween
the dry season and flood stage and, as a result, almost all irrigecion in MALI,
Senegal, and Mauritunia along this river would (and does) requize pumping wicth

significant vertical lifes.

In mest countries of Subsahara arrica, Long range plans for expanding irrigated
arezs are sTill in the cevelopment stage or ars just beginning to be Sformulatad.
As a result it is diZfficulc cto project with much certainty the growth in -
irrigation and the nature (pumpéd. gravicy, etc.) of the irrigation systems

themselves.

A recent report on irrigation prospects in the Sahel(s) does, however, provide
some figures in the gross potential for irrigation and possible rates of
development. Table 2.1 provides an overview of current irrigated areas,
potentizl to the year 2000 based om current trends or government plans, and
ulcimace p;cencial cf all or most lands suitable for irrigzation aze broughc inco
culcivation. This table deals only with cthe 8 Sahelian countrias. Other
cow:tries in a similar subsahara arid zone subject to recurrent droughc
conditions include Ethiopia, Sudan, Somalia, and sections of Nigeria and the
Central African Republic. For the Sahelian region alone the FAO astimactes thac
there Is an estimated 12 million acres (4.85 million hectares) of land wi:
potential for irrigation. By comparison, zoughly 2 to 3 milliom hectazes of
land ire now under some form of controlled irrigzation in the countries
indicated. The figures for the year 2000 ars very uncercain for all of che

countrias which

A Arthur D). Tirrle Tne



do not have long range plans. However, it appears that something on the order
of 4 to 6 million hectors of land might be brought under irrigated cultivation
as a minimum raquirement to approach food self sufficiancy.

4.2 Energy Implicacions of Irzigation Expansion

Table 2.1 indicates projections for total irrizated areas in the Sahel. A
significant portion of this aioa will, however, be gravicy fad-in =otal or in
part. TFor exampls, in the Niger River delta area most irrigaticn can bae gfavi:y
fed by use of barrages and dikas. Howsver, even in areas which use gravicy fed
irrigation during high water period, pumping may be requized during the drxy
season to ensure a double cropping capability. This appears, for axampla, to be
the case in parts of Niger.

Zased on discussioms with USAID staff and World Bank officiala, iz appasars chat
tha é;rchn:aga of area requi:ing pumping will range betwaen roughly 903

(Senegal) to about 50% (MALI). It is axpectad other drougﬁt prone countrias of
the subsahara will be equally dependent on active pumping to increase irrigaced

areas from prasent levals and allow for reliable multiple cropping.

The anergy implications of pumped irrigation depend on several factors

including:
) The Yolume of pumped water (cubic metars/hectara per crop) raquirements of

the crop as detarmined by rainfall, climatic conditions, soil conditions,
irrigaction system design, and crop salection.

o The dapth from which water must be pumped.

o The efficiency of the pumping system (engines, motors, pumps, ecc.)

The impacts of these factors on purping energy and infrastructurs raquiramencs

are discussed in section based on racent fiald experience in Senegal and

/A Arthur D. Little, Inc.



TABLE 2.1

Overview Of Irrigated Aresas In Saelactad
African Countries
(in thousands of heccors)l

COUNTRY 1978 1985 2000 POTENTIAL
Cape Verde 1.9 S
Chad 4.5 280
Gambia 2.2 2.8 70
Mali 111.0 150 1000
Mauritanis 1.9 200
Nigsr 5.8 6 220 220
Sanagal 31.0 160° 170“ 2502
Upper Volta 9.0 - - 130
Sudan® 1610 2020 3000

1.0 Most figuras from refarsnca 10-3

2.0 Along Senegal Rivar Basin alomae

3.0 Introducing 25 aiong the Sencgal River
4.0 Assuming 80 along cha Sanegal River
5.0 Based on discussions with World Bank

/A Arthur D. Litde, Inc.
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Aurctznniz. Az inzicacad in Section 3.0, if diesel pumps are used, the fuel use
can rangs from 10C lizers/HA per crop for rainy season rice and modest lifcs
(5m) to almost 400 licters/HA per crop for dry season rice with low river levels.
Even larger volumes of fuel (over 1000 licras per hector) are raquired to pump
groundwacter from depths quica common in the Sahel (30-60 m). This in itsel?
could limiz the usa of groundwater resourcas in many arzas - parcicularly Zor

irrigacing low valua crops such as rice.

If the pumps are electrified, the corresponding alectric sector capacicy
raquirements range from 0.3 to 1 kW of generating - ctransmission capacicy par

hectara of land.

Of course, the above are just gereral "rulas of thumb” based on watar “sa and
equipment characteristics in ome regions. It is likely, howaver, that these
fizures are indicative of energy use and infrastruccure raquiremencs in ocher
regions of subsahara Africa with similarly arid conditions and low raiafall to

supplemanc pumped watar,

Using thie above zeneral guidslines, that the Sahelian countrias alone 2izh& have
%o import over__ barrals of oil annually and/or install up to __ MW of
generating capacity to serve irrigation growth to the year 2000. 3y comparison,
total generating capacity in thasa countries is now only about __ MW. The
energy usa and infrascructurs remifications of achieving a significanc por<ion

of ultimate potential in this ragion are large compared to prasent capabilicies.
The above scrongly suggests that ylans to significancly increase irrigzactad

agriculcura in subsahara Africa must be closely intagracad wich erergy svstam

and fusl availabilicy planning.

2.3 _Eperzs Relagad 3arriars o Agrisulsoywal Sxoansion

The presvicus section indicacting that the costs of fuel importation and anerzy
sactor infrastructurs deavelopment will be Zormidabla 1S tha zola of irrizacad

agriculcture i3 expanded significancly in Subsahara ASrica. Claarly, much of czhe

A\ Arthur D. Lictle, Inc. \,"2/,,-
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costs assccidted wirh infrastructure development will have to be assumed oy

donor organizations given the marginal financial condition of all the countries
involved. However, a necessary condition for leug term viabilicy of expanding
irrigated agriculcture is that the projects at least suppert tha recurrent fuel,
0&{, and capital costs associated with servicing debt, fuel purchases, and 0&M.
I chis condition is not met either the government (usually with donor support)
will have to subsidize the systems indefinitely or the systzems will fall into a
state of disrepair as the farmers find themsalves unable to provide their share

of costs.

As indicated in Section 3.0, energy relatad costs impose several pracczical

restrictions on pumped irrigation in the Sahel. These include:

Depth of Pumping:

Pumping energy roquirements are directly relatad to the vartical lift througn
which watar must be pumped. Particularly in regions where rainfall is minimal
this can impose severe restrictions on the depth of wells or ‘the neighc of

ir:igacad areas above rivers. For example, in Senegal it was determined that
pumping water through vertical lifts in excess of 10 mecters had to be examined
very closely based on energy related costs alome. This factor could often casc
doubts. on the use of groundwater resources even in regions where such resources

ara widespread.
Double Crorping Potential:

‘A major Incentive for pumped irrigation is t> allow Sor reliabla zulciple
cropping. However, "off season" crops are likely to be during dry periods
(cypically September through June in much of the Sahel) when rainfall is minimal
and tran-evaporational rates very high. The result of chese factors is that
pumped water mneeds might be twice those of the "rainy season” crops. The
economic viability of such hot weather crops should be examined closely in

regions wich significant pumping teads basad on energy consideracions alomne.

A\ Arthur D. Little, Inc. 7,



THE SENEGAL RIVER
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3.5a VIEW OF THE SUBMERSIBLE PUMP SYSTEM FLOATING PLATFORM, DISCHARCE
(Note: Pumps are suspended beneath the floating platform and are not visible)



Crop Selection:

For historical rsasons, rice is now a staple in many regions of the Sahel. This
1s unfortunately an example of a crop with very high water raquirements sven in
zones with proper (high clay) soil conditions. In addition it ig a crop wich
ample supplies ac low cost in world markats. The combination of high wacar
requirements and low valus make rice an example of a marginal crop for pumped
ilrrigation in many areas. Tha rela.:ionship betwesn pumping needs, crop value,
and alternative crop selections needs to be examined closely in all situations
with significant pumping heads (over 5 meters). For example, in the upper
regions of the Sanegal River valley the pumping related costs alone are ovar 60%
of the rice crop valus. The above suggests the Increasing importance of crop
related rasearch for the Sahel in order to ldentify crops with lower water neads

than cthosa traditionallr grown in this raglon.
Irrigation System Design and Management:

Currancly most pumped irrigation systéus in the Sahel use open canals and
unlined ditches to distribuca water to the cTops. These systems are relativaly
easily implemented in the field and usa mostly local labnr and matarials. They
also tend to have rather high losses - usually 30-50% of the water entering tha
systam. In addition, thers i3 a strong tendency to over irrigata, in pare, a
re#ccion by individual farmers to ensure that they get "their share" of the
water. The netf result of these factors is for the amounts of water beiny pumped
to easily be twice that necessary if a low loss, caréfully managed, irrigarion
system were utilizaed. With nacural gravicy lrrigation the above factors ara
usually not very importanc and the open canal, furrow syscems, reprasent aa
optimal choica for irrigation system design. However, wich pumped irrization
the cost of water can be quite high (l-2¢/m3) and the use of high loss

irrigation networks increasingly unmicceptablae.
The question of balancing costs of irrigacion networks (possibly invelving canal

lining, piping, etc.) In ordsr to lower losses against lowar pumping costs

Tequires increasing attention as the role of pumped irrigation expands.

/A Arthur D. Lirtle, Inc.



The above ipdicates several of the Iissues whare pumping energy costs can
rastrict the options for pumped i-rigation or significantly impact on the
conditions under which pumped irrigacion projects proceed. The situation is
seen to involve a complex mix of energy systems, crop selection, and irxrigation
technology, issues which will be resolved diffarently in each area. However,
the above suggests that it is important that the right questions be askad in the
early stagass of pumped irrigation prdjecc dasign so that projects ara not
implemented whera enargy costs alone call into question longer tarm economic
viabilicy.



3.0 ENERGY IMPLICATIONS OF PUMPING OPTIONS (Senegal Example)

3.1 Pumping Options Considered

As a practical matter, most systems for irrigation pumping in the near term will
rely either on diesel driven pumps or on electricity supplied by a grid. The
"grid" power will often, in turm, be supplied by a thermal power plant burning
fuel oil, diesel fuel, or natural gas. In both cases, petroleum products may
have to be imported to support the operation of the Irrigation pumping system.
The following discusses the fuel use by the two primary modes of energizing
irrigation pumping so that their potential impacts on energy balances can be
egtimated.

a. Direct Diesel Drive

Figure 3.la is a schematic of a direc: diesel drive pumping system typical of
those wicely used where sucticn iiZfs are low. Thase systams usually consist of

a Diesel engine directly drréing a centrifugal pump.

The primary parameter determining fuel use in such a system 1is the system

efficiency defined as:

where:

Ry ~ diesel engine efficiency
np - pump efficiency

As indicated in Reference 2, Diesel engine efiiciencies in modest size (3 - 30

«w) typical of use in the Sahel are in the 20-25% range under field conditions.

Properly selected pumps can operate with efficiencies of 70-80%. The net svstem
efficiencies of diract drive Diesel systems is, therefore, in the 14-i77 ranga.

Achieving this efficiancv rangs ‘s scill contingent on properly matching engines
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TABLE 3.1

YS QPTION.

o FLOATING PLATFORM DIESEL PUMPS
o FLOATING PLATFORM ELECTRIC-DRIVEN SUBMERSIBLE PUMPS
- DEDICATED DIESEL GENERATORS

- CONNECTION TO LOCAL eLECTRIC GRID
(BADEL AND PODCR ONLY)

o PHQTOVOLTAICS
HAND PUMPS

0 STATIONARY PUMPS (USING DEDICATED DIESEL GENERATORS)
- RIVER WATER

- GRCUND WATER
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efficiencies can easily drop to 50-60% if used under inappropriate head
conditions and/or poorly maintained inlet suction conditions. Improper pumping

system can easily increase pumping fuel requirements by 30-50%.

“lgure 3.1b is a schematic of an electric driven pumping system assuming che
source of electricity is a thermal plant (showm as a diesel generator). As
indicated, the efficiency of this arrangement (which includes many rural

electrification systems) is given by:
n Tnex(ng:cn.rxnn)xnp

n = aelectric generator efficiency
n, = rransmigsiorn/discributicn lins efficiency

N, @ elactric zctor arfliiciancey

There is a common perception that the elactric option would be mora energy
intensive than the direct drive Dieséls due to losses in eleccricicy generacion
transmission, and motors. Indeed, if the engine and pump efficiencias rfor zhe
two options are the same, then the electric option will require 20-30% more: fus!
than dirgc: drive Diesel systems even with line losses within accepted ranges.
In practica, however, the electric option will often involve larger Diesel
generators operated by the utility which, on average, might be zore efficianc
than small, locally maintained, engines. For example, this appears to be che
case in Senegal. The small (500 kW) of Diesel capacity at the towns along che
Seregal River operate with efficiencies of 25-28% which is higher than would
normally be expected from a 20 kW field uniz. In properly designed syscams
(particularly those with low line losses), the higher engine afficlencies will
tend to counteract the electric conversion/transmission inefficiencies.

To account for the wide range of possibilities two cases are considered balcw:

/A Arthur D. Lictle, Inc.



(1) Eigh Efficiency Svstem

This case assumes a well maintained electwic generating and transmission system

and use of high quality electric driven pumps. The efficiency assumptions are:

= 28 percent (good central diesel generactors or small stean power plant)

3
1]

- 90 percent

3

= 90 percent

3
3 o™

90 percent

70 percent

s |
]

p

System ESficiency ~ n = 14.3 percent
(11) Low Efficiency System
This case corresponds t3 ome commonly found in LDC which have a combination of:

0 Lew efficiency electric generation facilities comprised of some mix of
small (poorly maintained) steam plants, gas turbines, or old diesel

engines.
0 High transmission/distribution losses due to a combination of undersized

lines, poor comnection practices, and long distances.
The efficiency assumpcions of this case are:

n_ = 23 perceat
n_ - 90 percent
Nn, = 75 percent
n

90 percent

n_. - 70 percent

System Efflciency = ng " 9.7 percent

/A Arthur D. Lirtle, Inc.



Figure 3.2 indicates tha resultant fual comsumption par ¥° of watar pumped for

these two cases.

3.2 Capital Cost Implications of Pumping Options (Large vs. Small Scale
Pumping)

Each situation will have spacialized characteristics affecting the selaction of
pumping system. Table 3.1 indicates a range of puaping s7stam arranzamencs
specifically addressed in a study on pumping options in Semegal and Mauritania.
Thesa options aré also those in usa or which could be comsiderad Zor use in
other areas where irrigation pumping is required. Of the options indicaced, the
Diesal driven floating pumps (GMP) ara mosc commonly used along the Senegal
River. Similar umits are also used in Mal! and Niger. One incentive for
floatiag unics along such rivers is the lazge variaction in river level by season
and associ;ted shifting of river channels (per Figurz 3.3). Each of these units

can irrigate 20-30 hectares of land.

There are also a small numbar of f£ixed pumping stations in place or being
considered for providing watar to large projects (500-1000 hectaras). Figura
3.4, 3.5, and 3.6 are views of several of these pumping options as cthey are usad
aloug the Senmegal River. -Figure 3.4 shows a 22 dp floating placform GMP unit
with 1its associatad flaxible piping line to account for large changes in river
level. Figure 3.5 shows views of an electzic pumping system using four £lcatiag
submersible pumps. Electricity ia zhis systam 1s provided by a L00 kw generacor
set placed on shore thereby facilitating maincamance. Flgure 3.6 is a view of
the pumping aouse and discharge canals of a 1000 Ha irrigation proiecz at POLOR.
Electzic power for the system ig provided by a 500 v dedicacad generating
facility. -However, a similar installacion ar XAEDI (Mauritania) is served by
the local, (Diesel based) electric ucility.

There is often a percaption that large projects might offar economies of scale

and hav. larger devalopmental impacts. However, experience in the Sahal

/N Arthur D. Lictle, Inc.
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) The alectrificacion of the pumps avem at a local level paves tha way bx
establishing local discributior networks for more comprahensive
electrification via grid extansions in che future onca the lcads Zacrease

0 warrant such axtensions.

There are, therefore, a number of practical reasoms far considering the usa of
elagirifiad sumps, particularly 1f Zirrigacion projacts are coasiderad in arn
overall regicmal development contaxt. Also, such longer zarm plannizg does ace
necessarily result in higher inicial capital costs for those elactric sumps
installed during the earliar stages of development when dedicated Dfasal

genearacors are used for pump emergization.

The invescment costs indicated by figure 3.7 range Zrom less than 300 co S1,:00
per hectare dependinyg on punp type used, locacion, arnd size. In general, tlesa
costs are often relatively modes: compared to the overall costs of izplemencing
irrigacion projects in Africa. These costs oftan tun over 510,000 per heczara
which is one of the reasons thac expansion of irrizacica ia Africa has Trocaedad

Tather slowly. Howevar, some of che smallar perimazar davalcemencs wizh lirza

local labor (for axample, 3ahel-Collerza) hawva raporzad coscs zs —ow

g -
~lputs

(0]

as $1,000 per hectare. In general, che capizal investments associacac <ich
properly salectad punmping Ssystems do a0t appear, Iin themselvas, co repTasent a
major barrier to expanding izrigatad areas. The primary Issues arz the
recurtent costs associlated with fuel use, maintenance, and rapid depreciation
(note: engiine driven pumps will usually have useful lives o iass shan 10

7ears).

3.3 Czop Selection and Warer Gse

The ccops grown along cthe Senegal River Valler ara tvpical of these inm man:
Tegions of the Sahel. They fnclude rice, sorghua, corn, and gardan troe cTops
such as oniecns. Mosc of the irrigacad perizeczars are new devotad to =iea duTing
the raiay saason crop (Augusc through Oczober ia Senegal) and =3 "a<xad cTaps’”
during othar saasons. Iz should be nctad thac, wizh tha excaption of cice, =he
€rops grown i irrizatad areas ara also gTown using traditicnal methods ofF flaod

Tacesslonal and rain fed agricultura.

/ﬁAnhuDJJJmhc



Crop selections and associated pumped water use requirements are dapendent on a

complex range of site spacific variables including:

- soil condicions
- elimazie conditions
= ¢Top strain and fertilizer use

= irrizacion system efificiency and tvpe

Ia general, rice is usually selaecced for areas with soi. naviag aigher clavw
content and low permeability and grains for lighcer soils wizh higher
permeapility. 3oth types of crops are, however, commonly growm i 3arallel (ot
in series during diZfereant seasons) on the same irrigated perimerers alcng the

Senegal River.

Table 3.2 shows estimates of pumped water Tequirezents Ico thtee lscactions along
the Senegal River by crop tymes. ds indizzs:d, sho-e 45 g sizni

AN Hid

iz wacer use by crop, location, and season. Reasous “or shis include:

.

0 Locaticus, such as 3akel, have 2igher rainfzll ctharn the other =we locaciens
Tesulting Ia lower rainy season pumping Tequirsments.

o] Raedi in Mauritainia is very dry and hot Tesulcing in particulariv high
transevaporational losses.

Q Grain crops (surghum, etc.) require zuch less water than rice even when

g-own In areas having soil with higher permeabilicy.

The reascn stated above far wvariatisns :a puzping watar rcequiramencs (i.=2.,
differsnt rainfall patterns, climzta ard crops) will zasul: iz gizilar
variations throughou:z the Sanelian regien. Pumping wazter ragquiremencs o 3,000
o?/HA to 25,000 =3/ZA per crop will be common im this cagion based on presans

crop salactions and ircigacion tecinologiss utiliizad,

/A Arthur D. Licde, Inc.
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0 The elactrification of the pumps avemn at a local level paves the way by
establishing local discribucion networks for mora comprahensive
electriflcation via grid extsnsions 1a che future once the lcads facrazse

to warrant such extensions.

There are, therefore, a number of practical reasons for considering the usa of
elacerifiad cuaps, particularly if irvigacion projects are considerad Iz an
overall regicral development context. Also, such longer tarm planning does et
necessarily result in higher inicial capizal costs for those elacrric Tumps
installed during the earliar stages of development when dadicated Dissal

generators are usad for pump energizacion.

The invescment costs indicated by figure 3.7 range from less thanm 300 te S1,300
per hectare depending on Pump type used, locatlo». and size. In general, tilesa
costs are often relatively modesc compared to the overall costs of izplemenziag
irrigation projects in Africa. These costs ofzan run ovar S10,000 per heczara
which 1s one of the reasons that expansion of lrrizatiza i3 Africa has rrocsedad

Y.
-

rachar s}:wly. dowevar, soma of the smallar pavigacar davalcpmencs wi

(¥

shouets o local lador (for 2xample, 3ahel-Collerza) hava Teportad costs as low
as 52,000 per hectare. In ganeral, che capi.:l investments assoclatad wi:sh
properly selectad pumping systems do naot appaar, In cthemselvas, to represen: a
major barrier to expanding irrigatad areas. The primary Issues ara the
reécurTent costs associated with fuel use, naintenance, and rapid dagreciation

(note: engiae driven pumps will usually have useful lives of l2ss than [0

vears).

3.3 Ccov Selection and Wacar Use

Tha croovs growm along the Senegal River Valley ara tvpical of those in ;anv
r2gions of the Sahel. They include rice, sorghua, cora, and gardan t’pe crops
such as onfons. Most of the ir.{gatad perizeczars ars new devotrad to rsica during
tie raiar season crop (August chzrugh October ia Senegal) and za "qixad craps”’
during ocher saasons. I= should be notad chat, wizh =2a 2xcepltion o riza, :=he
Crops gIown ia irrizated areas ara also gTown using tradizicnal methods of $lcad

Tacessional and rain feé agricultura.

/A Arthur D, Lirtle, Inc.



TABLE 3.2

CROP PUMPED WATER REQUIREMENTS - SELECTED SITES
ALONG THE SENEGAL RIVER VALLEY
(CUBIC METERS PER HECTARE)

FODOR KAEDI®  BAKEL

Hivernage! Rice 20,000 14,000  g,30C

CONTRA SEASON® RIcE 25,500 23,200 17,800

MIXED CROPS (RAINY SEASQN) 3,300 3,300 3,70C

MIXED CROPS (CCNTRA SEASON) 15,100 15,100 5,400
I”HIVEENA;E" REFZAS TG MAIN AICE CROP GRCWN THRCUGH THE RAINY

SEASON,
JUuLy - NOVEMBER,

Z”CONTRA SEASON" REFERS TO AN OFF-SEASOM RiCE CROP TYPICALLY GROWN
FROM JANUARY TO MAY

3KAEDI IS IN MAURITANIA, THE OTHER TWO SITES IN SENEGAL,

/A Arthur D. Lictla, Inc.



3.4, Fuel Use Per Croo

The source of watar for 21l the loecations considered along the Senegal 2:iver was
the river itself. The vertical 1ifts varied signilicantly by location and by
season. Ia the upper vallev, the versical lifts range from 5m to lCm during tha
vear winile in middle vallev location (Podor) the lifts are zuch lower (2-%5m).
These lavge differances ia 1ifts are teflectad in large variatioms :n pumping
energy Trequirements. As indicated by Table 3.3 the primacy fuel consumption Za
a Diesel engine pumping unit for Taiay season crops in Bakel. Te about 100
liters/HA. This increases to over 350 liters/HA duriag the drv season for rice
when both pumping lifrs and water requirements are higher. 3v contrase pumping
energy in P@dor for rice ranges from 120 liters/EA to 315 liters/EA. The lower
pumpirg needs as compared to Bakel ara dus entirely to the lower verzical lif=s

associated with perimetars near the river.

The Zuel use for "zZixed cTops” is seem to be much lewzr =hazm fo= Tile €a 211
locations due o the more modest wacer raquirements of these crops.
Nevertheless, in areas with large vertical lif:cg Pumping enargy Pt mixed CToTs

can easily exceed 150 licars/EAj even if river water used.

3.5 Observarions on Suel Consumotion Trends

4

Figure 3.2 displays several important trends relative to primary enerzy use in

the operation of irrigation pumping systems. These Znclude:

O

The energy reguirad is directly croportional to the .:¢= tarough which the
water is pumped. This raguires czraful eximination of irrigacicn projects
which entzil pumping frem wells of significant depth (certaialv over 20
meters) or in the sizing of Pipes which aight be used to transfer water
over large distances.

0 A well designed diracs diasel drive ‘g pTobably the 2ost emerzy efficianc
Dethod of pumping water - particularly for larger swstams whiech generally

have higher efficiernt: engines.

/A Arthur D, Lintle, Inc.



0 The primarvy fuel consumed by-a rural eleczrification system Is cricicalily
dependent on the techmical characteristics of the system. T
maincaiﬁed system, primary Zfuel comsumption Is comparable %o thar ¢f =
direct diesel drive. EHowever, for a poorly maintained and operated svscanm,
primary fuel consumption of the power plant could be twice that Zor a good

diesel drive.

As a practical matter, therefore, the erergiziag of irrigacion pumps via rural
electriiication does not have favorable energy use Impacts i the elecetricity is
generated by oil fired thermal plants. The energy use related advantages of
electrically driviag the pumps will depend on a maior portion of eleczricirc—
beiang generated by some combination of:
- thermal facilicies burniang low cost Suels such as ccal, peat, cr residual
oil.

-~ low cost hydropower.

n.

. : -
23 SuZll &s win °T sc.azT.

- renewable energy sves

0]

in cthese cases, the emergy ccnteat of irrigacicn pumping will be the sazme as
indicated ia Figure 3.2 (chermal equivalent) but the coss of energy will bLe
different for diesel engines (which amust burn high quality distiliates) and

central electsic facilities.

/t Arthur D. Little. Inc.
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TA3LE 3.3

FUEL USE BY DIESEL ENGINES AT
ELECTED SITES ALCNG THE SENEGAL RIVER
(LITRES PER HECTARE PER CRCP)

20DGR CAEDI
RICE HIVERNAGE 126 118
RICE CONTRA SEASOR 315 398
MIXED CROPS (RAINY SEASON) 98 36
MIXED CROPS (CONTRA SEASON) 155 138
GRAIN CROP® 1000+ -

*3ASED ON THE USE OF GRCUNDWATER AT A DEPTH OF &0 M
ON HIGHER GROUMD AWAY FROM THE RIVER.,

/D Arthur D. Lictle. Inc.
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FUEL CONSTIPTION [liters/m
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4,0 ECONOMICS OF IRRIGATION PUMPING

4 s Y v
The costs of pumped irrigation include:

- the cost of fuel required to operate the engine system.
- the O&M costs of the engine,pump system.

- the capital charges (interest and depreciation) on the capital purchases.

For some USAID funded projects the full impact of all these costs is not "seen"
by the end users. For example, in Senegal the farmers are required to pay only
for fuel and a portion of O&M costs. The attractiveness of irrigation pumping
in these projects would be significantly diminished 1if the farmers had to
finance the system at market interest rates. The World Bank also pursues an
implicit policy which appears co require the recipient country =0 pay only
Tecurrent costs and not the investment cost associated with impiemancing :he
project. The cost structure of water delivery for irrigacion is discussad in
more detail in this section for the case of Diesel driven pumps. Reference 2

provides similar analysis for other pumping system optionms.
a. Fuel Costs:

Previous sections have discussed the fuel raquirements f£or pumpirng water (per
figure 3.2) through specified lifts and the total water requirements per crop
type in one area of the Sahel. The associated cost of fuel for water pumping is
chen dependent on the cost of Diesel fuel (for engine drives pumps) or
electricity. There are tremendous variations in these costs between countries
and even between regions within a country. Figure 4.1 shows fuel cost per cubic
meter at water pumped based on the energy requirementcs of Figure 3.2. Curves

are shown for two levels of Diesal fuel cost:

(1) $1 per gallon ($0.26 per liter) which corresponds roughly to the case

in Senegal.

A\ Arthur D. Lirtle, Inc. . ' 4-
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COST OF FUEL, [¢ PER CUBIC METER]

2.5

1.5

1.0

0.5

/

$2/gallon

/

~

\

Diesel Electric

////// (poor efficiency)
$1/gallon fuel/

Diesel Pump

v
10 20 30
TOTAL HEAD, [METERS]

FIGURE 4.1: "FUEL COST" OF WATER PUMPING FOR DIESEL AND DIESEL/ELECTRIC PUMPING SYSTEMS



(11) $2 per gallon ($O.52 per liter) which is consistent with delivered
costs in many regions of Africa - particularly thosa with poor road

access.

It should be noted that many regions of Africa have even higher delivered fual
costs than that indicated above. As a practical matter, irrigation pumping

probably should not be encouraged in such areas.

Using §1/gallon fuel, the fuel cost alone for water pumping using a diesel pump
ls roughly 0.4 ¢ per cubic meter assuming a 10 meter lift. The use of a "lossy"
electric drive, higher lifts, or higher cost fuel can easily increase this cost
to over 1.5 ¢ per cubic metar of pumped water - a cost lavel for Suel alone

which is probably unacceptable in many cases.
b, 0 & M (non fuel) Costs:

Operations and maintenance (O&M) costs can be divided into three segments:
>

9 Operational personnel who undertake roucine chores such as changing
oil, filling the gas tank, etc. (referred =o as a "Pompiste" in

Senegal)

) Parcts and materials for undertaking needed field maintenance (oil,

filters, etc.)

e} Parrts, materials, and labor for undertaking periodic ovarhauls
(usually every 4,000 hours even for robustly buils, well maincained

engines)
Operations and maintenance costs are among the more difficulc co estimate. They

depend on who does the O&M, the degree co which manufacturers maincanance

schedules are adhered to, and the local cost of replacement parts,

/A Arthur D. Litte, Inc. 4-3



TABLE 4.1

O&M COST SUMMARY FOR THREE DIESEL PUMP SYSTEMS

TOTAL WATER
ENGINE RATED ANNUAL COST (s4°)
MODEL CAPACITY COST BAKEL PODOR
(Hp) $
HR-2 22.6 530 0.4 0.1
HR-3 33.9 760 0.35 0.076
HR-6 75.5 1350 0.27 0.062
Assumptions:
1.0 Annual operating hours 1200

2.0 Cost of overhauls annualized assuming

a 10% discount rate.

A Anhm. D um‘. InQ
4-4



Appendix 2 presents estimates of O&M costs based on field experience in Senegal
and ch; maintenanca schedule at one of the leading manufacturers of hizh
variabilicy Diesel pumps. The resultant overall 0&M costs for this specific
area are shown on Table 4.1. The variation in pumping costs by region is due to

large variations in water flow due to different pumping heads.

The annual cost indicated are approximately 15% of the initial capizal cost of
the engine/pump assembly (i.e. those parts requiring maintenance). TIf anything,
this is on the lower end of O&{ experience and reflects the reasonably effac:tive
infrastructure developed in Senegal to service the pumping units. also
maintenance costs were estimated based on about 1200 hours of operation per year
which corresponds to a single cropping season. Annual 0&M costs would incraase
i1f pumps are used throughout the year i.e. more hours per year. The primarr
contributors to the maintenance costs indicated are lubrication oil and parts..
The O0&1 costs ara, therefore, similar to fuel costs in being primarily

assoclated with foraign axchange.
c. Capital costs:

Capital costs cdepend on a range of parametars including investment cost, useful
life, salvage values, and interest rates. There are several approaches rfor
estimating annual capital costs. The approach used herain is to assume chac a
fixed amount of money must be set aside each year to cover replacement of
equipment (L.e. a replacement fund). In addition, if the equipment is purchased
on credit, there will be additional annual outlays to cover financing chargzes.
Table 4.2 shows the annual replacement fund charges assuming funds set aside ars

invesced at 10%.

These would be the only charges in the situation where the equipment is
initially provided free to the irrigation perimeter owners and they are only
required to replace it as it wears out. This is the case in many doner funded

irrigation projects such as the USAID program in Senegal.

A\ Arthur D. Little, Inc. 4-5



FIGURE 4.2

SUMMARY OF ANNUALIZED REPLACEMENT COSTS FOR
THREE DIESEL PUMP SYSTEMS

ENGINE CAPACITY INVESTMENT ANNUAL COST OF
TYPE (Hp) COST REPLACEMENT WATER (BAKEL)
s COST § ¢/
HR-2 22.6 16,600 620 0.42
HR-3 33.9 20,450 800 0.36
HR-4 75.5 31,800 1,250 0.26
Assumptions:
o Life of engine drives of 7 years with orher subsystems of between
10 - 15 years.
o 20% salvage value.
o Discount rate of 10s.

A Arthur D. Lictle, Inc. Q(\



It should be noted, however, that one of the persiscanrt mans-amen- ~wezo2-1 oioh

mwand Ineomd

pumped irrigation projects is the establishment of and consistent consrihustisnz
to a rapfaeeﬁent fund. A source of serious concern to donors is that when the
initial equipment (provided by the donors) wears out that insufficient funds
will be available for pump raplacement leading to collapse of the irrigation

project unless additional donor supvort is provided.

As indicated by Table 4.2, the annualized replacement fund costs are about $620
per year for the HR;2 system. The replacement fund cost orly represents about
4% of total pumping system cost. This relatively low figure reflects the long
life (10-15 years) asscciated with such stactic assets as platforms and piping.
As a practical matter most of the replacement fund is associated wich the

engine. The replacement fund represents about 203 of initial engine invrastment

costs.

The contribution of capital costs to water costs ranges from .26 ¢/M3 to

.42 ¢/M3 depending on financing assumptions.

Figure 4.2 shows the impact of fuel, 0&M, and capital costs on che overall
delivered cost of water for Bakel in Senegal. As indicated, fuel cosc is a
major component of tha cost structure, particularly with $2/gallon fuel.
Howevaer, capital costs associated with financing and depreciation ara also major
cost components and, as praviously indicated, often not realistically accountad
for in assessing the long term viabilicy of irrigation projects. The cost of
watar 1s seen to range between 2¢/M3 to 3¢/M3 for the cases cited. This
corresponds to about $400 per hectares per rainy season rice crop assuming 20,000

3
M~ of water par crop.

As indicated in Figure 4.2, capital charges represent a major portion of overall
pumping costs for the case considcred. One of the major assumptions in cthe
analyses leading to Figure 4.2 was that pumping occurred during an 8 o 10 hour
period through the day 1s is now normal practice on the small perimecters in

Senegal. This pumping schedule is cartainly the path of least resistance since

/A Arthur D. Lirtle, Inc. 4-
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it corresponds to existing living patterns of the local population. However,
capital costs could be significantly reduced if the pumps were operatad for
longer d&racions and thereby each pumping unit could irrigate more lands. For
examﬁle, Figure 4.3 indicates pumping costs assuming a 16 hour/day pumping

schadule. This schedule results in a % reducftion in the overall cost structure.

Particularly if electrified pumps are used, it may be necessary to improve cthe
utilization of costly generating/transmission equipment by insisting on

nighttime pumping schedules.

This certainly adds to the complexity of the social and institutional problems
associated with organizing and implementing irrigation projacts. In cases wich
marginal local farmer support, the need for nighttime irrigacion might even cip
the balance against project implementation. However, the realicties of the
efficient utilization of high capital cost power and pumping systems have lead
to day long {or nearly so) pumping in many LDC'. For example, in Kaedi
(Mauritania) over 1.000 HA wera irrigated as a 24 hour cwvels usinz elaczric
powar providecsoy a local grid (cocél capicicy of 300 kW). Similarly, L3 heuz
pumping cycles are under consideration in Sudan to ansura efficient use of

regionally supplied electric powaer.

/A Arthur D. Little, Inc. 4-9
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The impact of the pumping costs of Section 4.1 on overall crop economics depends

on a number of factors including:

- the requirements for other cash impacts such as fertilizers, purchased
seeds, and labor.

- the increased value of crops grown as the result of the pumped
irrigation.

. the alternatives for using capital available to the farmers.

The second item above 1is particularly critical in many countries of the Sahel.
Most of these countries set official prices for major CIrops. These prices are
often set at levels which make it unprofitable to grow cash crops even without
the additional expenses of pumped irrigation. Such situations exist for example
:n Mali, In Senegal the official price o »ice is set at 120 CFA/kz (__/_)-
This price is roughly comparcable to the cost (at the dock) o imported rice from
soucheast Asia (usually Thailand). The official price in Senegal is not truly
raflective of overall importation costs if all handling and transportation
charges are taken into account. Nevertheless, the pricing policies in Senegal
are more realistic than in some of its neighbors which makes it a reasonable
example for assessing the impact of pumped irrigation costs on agriculcutal

profitability.

~:hie &.3 Ls a cost summary for rice farming in Bakel and for a similar

speration in Podor. The figures for fartilizers, laboz. and seed were obtained
érem a recent study by M. Msita of the Senegal Mission (ref. 9) which apply to
3akel only. The Podor figures assume only pumping costs are different between

the two locations.
As indicated by Table 4.3, in Bakel the cost of irrigation pumping for the rainy

season crop account for over 24% of crop value if capital costs are considered.

Even in the rainy season the growing of rice on pumped irrigated areas is only

A Arthur D. Litte, Inc. 4-11 4
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marginally profitable and allows very little margin of error in yields or
unexpected operational difficulties (pump breakdown). As a result, most farming
in this region is still done on a subsistance basis with little economic
incentive to product marketable surplusses.

If a dry season crop were to be produced in Bakel, the irrigation related
costs would increase to over 35% of total production costs. The resultant cost
would about aqual crop value making such second season crops unprofitable. In
such regions as Bakel (characterized by high 1lifts) the merits of double

cropping will require careful examination.

By contrast, irrigation pumping accounts for only about 17% of crop value in
Podor in either the rainy or contrasaison due to the much lower pumping heads.
This is still a heavy burden to bear but results in much larger margins of

safety than in regions with higher pumping lifts and allows for profitable

sl md eV a aemmememd -
s - - o ey,

Figure 4.4 shows estimates for agricultural costs in Bakel and Podor if the cost
of Diesel fuel were to increase to $2.00/gallon - a cost which is more
representative of real costs on a delivered basis to many regions of the Sahel.
In this case, the cost of pumping is so high that it would not be only.
marginally economical to farm rice even in the rainy season in high lift areas.
This suggests the extreme sensitivity to energy costs of agriculture whiczh is
highly dependent on pumped irrigation, particularly in regions with high pumping
heads.

The above discussion applies only to one region of the Sahel. Nevercheless, the
results provide useful insights into the major role that pumping costs can play

for irrigated agriculture in the Sahel and other regions of subsahara Africa.
In particular, for projects where pumped water is a major portion of overall

water needs, pumping costs will be a, if not, the major factor in determining

economic viability. The situation will be mitigated somewhat where pumped water

A\ Arthur D, Little, Inc. 4-13 ) \*\\\9



A. BAKEL

0 PUMPING COST
0 OTHER COSTS

TOTAL

B. PODOR**

0 PUMPING COST
0 OTHER COSTS

TOTAL

OFFICIAL SELLING PRICE

* Assumes 5 ton yleld per hectare

** Assume "other costs" same as for Bakal

A Arthur D. Lictle, Inc.

TMPACT OF PUMPING COSTS ON
ECONOMICS OF RICE PADDY PRODUCTION

HIVERNAGE*

14.4
45.0.

59.4

9.2
45.0

54.2

70

CONTRASAISON*

16.6
45.0

6L.6

70
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IMPACT OF PUMPING COSTS ON
ECONOMICS OF RICE PADDY PRODUCTION

(CFA/Kg)
HIVERNAGE* CONTRASAILSON*
A. BAKEL
0 PUMPING COST 19.5 35.0
0 OTHER COSTS 45.0 45.0
TOTAL 64.5 ;ST;
B. PODOR**
0 PUMPING COST 12.5 22.5
0 OTHER COSTS 45.0 45.0
TOTAL E;T; ;;T;
OFFICIAL SELLING PRICE 70 70

* Assumes 5 ton yield per hectare

** Aggume "other costs” same as for Baksl
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is only supplemental to gravity feed water due <o significant (<300 mm)
rainfall.

As a result, each case would have to be examined based on project specific
conditions, to ensure that the recurrent costs associated pumping can be
sustained by the local farmers after the donor organizations have completed

their infrastructure development activities.
4.3 Potential for Electrification

The prior discussion focusas ofi the impacts of pumping costs on crop economics
assuming the use of direct drive Diesel pumps which are now in prevalent use
along the Senegal River and elsewhere in Subsahara Africa. The aforementioned
pumping study for this region also closely examined the potential for
elactrifying the pumps and the economic implications of so doing. Two general

options were considered:

o Electrifying specific pumping units using Diesel generatad electricity
from naarby local grids.

o Extending the grid along the valley to make use of central power
generated by thermal means (on the coast using lower cost fuels) or,
in the future, by low cost hydropower from the Manantalli Dam. Only
generalized long term implications of this option were provided within

the limited scope of the Semegal River study.
The impaczs of each option we discussed briefly below:
o Diesel Generacted Electricity:
The electrification of pumping units at both Bikel and Podur would
require the installation of roughly 3 km of 15 kVA electric

transmission lines with associated iaterface transformers and

controls. In each case is was assumed the submersible pumps on

A Arthur D. Lictle, Inc. 4-15 .
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floating platforms would be utilized. Power would be provided by existing
Senelic facilities (500 kw) which are currently operated at very low capacity
factors dus to small household loads in these regions. The analyses indicated
that this option was lower cost by about 15% than the use of direct drive

Diesels dua to a combination of:

- lower Q&M costs {as a unit output basils) on the margin since Q&1
staff were already neesded for a system operation to service non pump
loads.

- reduced capital costs due to the longer life of larger, well
maintained, stationary Diesel units, and the fact that new unicts

were not required to serve the incremental pumping loads.

The modest estimated difference in pumping costs between local electrification
and direct drive Diesels is probably, in itself, not very important in affecting
the general conclusions arrived at in pravious sections and, as a practical
matter, éﬁll well wichin the ranze of calculational errors used in the
astimaticn Jwocass i, :2, :he‘con:lusicn that local slaccrification is lowes coss
than direct drive Diesels 1is not a very f£irm ome and certainly not generally

applicable.

There are, however, several other significant advantages' associated wi:il, the
local electrification option in addition to possible lower coszs. These

include:

- the engine systems can be maintained by trained technicians thereby
bettar ensuring reliable, long term, engine cperation.

- the operation of the pumping units is greatly simplified from the
farmers viewpoint thereby adding to the flexibility and desirability
of implementing smaller scale pumped irrigation projects.

- the floating platforms can be placed further out in the river since
daily access co the pumps is not required (as in the case with

Diesel pumps). This rasulcs in simplified pump operacion and

/A Arthur D. Lictle, Inc. 4-18



reduced possibilities for clogged inlet lines (an advantage

' on the Senegal River which will be applicable only in other
locations with floating pump systems).

- the pump electrification provides base load to the utilities
which improves the operation efficiency of the local generating
plants and provide additional incentives to expand the electric
grid. This expansion often has other productive and social
benefits in addition to energizing the pumping units.

The above factors, combined with a highly competitive cost structure, resulted
in the Senegal River study recommending electrifying the pumps in those two
locations with good access to available electric generation capacity. Alchough
the results are by no means universal, pump electrification merits serious

consideration wherever similar situations exist.
Central Grid Expansion:

The Senegal River Valley currently has only scattered eledric service in three
of the larger towns. The total installed capacity is roughly 1,500 kW of Diesel
generators. Even this is operated at only about a 15% capacity facrtor actesting
to the low level of normal household and light commercial loads in these areas.
By contrast, the approximately 300 Diesel pumps already in use along the river

have approximately 7,000 kW of capacity.

Some work Las been done to assess the potential for transmitting hydropower from
che Manantalli Dam across central Sencgal to Dakar. Little attention was given
to extending power from this source down the Senegal River valley in parc due to
the very low electric loads now prevalent in the region. However, consideration
of the possible loads have not taken into account the major potential impact
associated with electrifying the pumps. Based on current plans to bring an
addictional 50,000 hectares under cultivation by 2,000 and 100,000 hectares by
2010 the potential pumping load alone along the river could exceed 100 MW or
roughly 50% of Senegal's allocation of Manantalli power (also equal to present

nationwide generating capacity).

A\ Arthur D. Little, Inc. 4-17



Preliminary studies have indicated that hydropower from Manantalli could hava
one third to half the cost of thermally generated power when serving loads with
high capacity factors. This could be the case for pumping in the valley and, if
so, would significantly improve the economics of pumping irrigation agriculture
in the long term. VErifying this potential would, however, require detailed
engineering cost studies which take into account actual ctransmission lire coscs,

and projections.

The important issue is, however, that the economic viability of alectrifying the
valley (whether by thermal or hydropower means) is strongly dependent on the
major, steady, loads which would result from pumped irrigation. This
exemplifies the important linkages between agricultural expansion plans (based,
in part, on pumping) and electric sector expansion which may often exist in

regions of subsahara Africa.
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5.0 POLTCY ISSUES - OVERVIEW

Experience in several countries refarenced in tais report imdiczata that there
Ts a number of important policy iésues which must ba considerad when
considering expansion of irrigatica based on pumped water and the often
associated role of rural electrification. Only by considering the costs and
benefits of irrigation pumping within a broader context of agriculsural and
enargy sactor planning can reasoned assessments be made of overall economics
and, i3 particular, che true nature of recurrent costs both on a preciecet basis

and a national basis.

These policy issues include thosa assoclaced with:

o Diesel vs Electrified Pumping

0 Electricity Pricing

o Grid Txzension Ecomcmizs

) Role of Distributed Power Systems

o Crop Selection - Irrigaticn System Design

o Coordination of Agriculrural Expansicn and Zaergy Sector Planning
0 food Pricing Polictes

Clearly, there will be a wide varzation in the importance of different policy
issues between countries. Yeverthelass, each of the policy issues can Sea
addressed in a consistent manner to ensure that the righc questions ara being

-~

asked and to provide a general framework Zor project specilic dacisiza makiag.

¥ discussed below,

zZach of these policy issues is briaf

5.1 Energv Pricing

There Is a ctendency :o provide Tural areas, in gzeneral, aznd farmers, In
particular, with elagsz=<¢ tariifs, and Dissal Zuel costs whian £Tz, inm o iifra-,
subgsidized. For axample, this was an overs policyr ia Pakistan z2ad was = Za‘az=z

solicy iz Saenegzl.

A Arthur D. Little, Inc. 2 ))



suggests that such large projects are difficult =o properly manage. Ia
addition, as izdicated in Figure 3.7, cthere is no Zacentive to pursue large
projects based on the capital costs of the pumping svstems. Ia fact, the Ziwad
pumping systems are considerably more costly than either Diesel or alectricallr
dziven floating units. This is due to the extensive civil work required co
install fixed pumping systems, particularly along waterways with large seasomal
£luctuacions in wazer level. The costs for Sixed pumpiag units will cevrtaialy
be site speciiic. GHowever, the implications of these previous studies is that
any assumptions relative to Inherent economies of scale in pumpiag systams

should be examined very closely during the design of projects.

I£ each iacrement of irrizated area s consicerad as a separate proiact, the
most Zlexible and lowest cos: option Zor providing pumping is probably a G
unit (whether floating or positioned on a river bamk). However, i° the
expansion of irrigzated areas Is considered om a regicmal basis over tize, che:x

LEP S
TS mas

consicaration should be given to elecsziifving =h

13

‘'
9]
i
[$]
n
.

- - . = . : . R e e
3.7, flcating platiorm eleczric driven submerszbla sumss 2an cfzen Se the owess

cost option. Additionmal practical advantages associatad with =h’s option
inciude:

AR

o a aultiplicisy of pumping units can be sarved from 2 "cencral Jower sw¥stam

serving local or regicnal needs. GEven if usizg Diesel fuel, the "canz=a."
poweT unit car be professionally run and mafataized, theredy Improving
reliability and becter ensurizg efficilent operation. Also, in some cases
the central power unit might provide the flexibility to be able to ucilize
iocally avazladle Ivels Ior the operacion with siznifican: reduczicns ‘n
Zuel costs.

o) The basis ci many pumped irrigation orofacts has Seem =he fmzhilise of
local farmers to consiscantly maincaia and Operate small Diesel pumps. 3v

comparison, the operation of small electric pumps 1s quite scraizhciorwvazd

and relieves cthe farmers of the anerous need to gain significant mechanical
skills. As such, che farmers can focus cheir aczanticn on tha diffizuls

enough task of managing cthe irrigzacion svstam izsall,

elactriiied puymps served by local or reglonal grids could therafsra inprov

the chances ¢ suczess ia the irrigzzed serizecers.

/A Arthur D. Lictle, Inc. *'ﬁk\
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Energy pricing policies can have a dramatic affect on the perceived overall

economics of irvigacion projects and strongly influence the choice of pumping
syscamé. Tor example, the switch from Diasal 2o elacc=ic pumps 1z 2zkistan was
due primarily to heavily subsidized eleactric tarifis specliically tailorad oo

irzigation pumps.

One can question ctha wisdom of subsidizad energy inputs Ior agrizultura,
however, in fact, rural Americz cwas much of ‘25 aazliar ZTIwWCI o what was, in
effect, a heavily subsidized expansion of rural electrificacion. It is
important, however, to understand before hand zhe exran: and ‘mpact of subsidias
in place or being contemplatad. Otherwise, inappropriate policias relatciva =3
both the agriculcture and energy sector cculd be inadvertantly implameutad, and

encouraged by donor assistanca.
Two such-examples are citad below:

(a) Pakistan: One of tha genaral aolisias iding the rural eleczzifizasien

expansicn in Pakistan was t©9 focus ca chose arsas whera alacetriciczy woull
be used t5 displace Diesel pumps with elact=ifiad ones. The racionals Zar
this was the much lower cost (ro the farzers) of cperatizg the alaccric
pumps and the perceived national benefits aof Taducing Diesel fuel use. As
indicated in Reference 1, this policy was seriousivy Zlawad. All new
addicions to rural load had to be accompaniad Sy additional, costlv, fuel
fired (mostly oil) aleceric generating capacity and expausicn of alraady
strained transmission syscams.Consaquencly, the real coscs of aleczrifviag
the pumps weze considerably higher than allowing sxiscing Dissel uUmps =3
continue operating. Yational policias :to encouraga eleciviiying tha sumps
werely shifced costs from the agricultural saczor £o9 ar al-ead- stTainad
electric sector with the additfonal coses hidcen by the sutsidies tg the

farmers on electricicy purchased for punping.

(5) 3Senmegzl: As indicacsd in Rafarance 2, =he pump survewv 223 racsmmencad

that consideraticn ba ziven tz alagz=:ii: rrizacion pumps in Two specifis

locations using locally arcducad 2lecizic ‘powar. The rapor: clazazlx

statad, howaver, that the "aprarent" Zavoradla sccnemics of tha gocion were

/N Arthur D, Lirtle, Inc.



in par: the result of national policies to have uaiform tarifss throughcut
the country which, in effect, subsidized relacively high cost rural power
produced by autonomous Diesel genmerators. A policy of large scale
electrification of the pumps would impose a large financial burden onm the
utility unless accompanied by a program to electrify the wvalley with low
cost hydropower (possibly from Monentali) or themal power produced using

lower cost fuels.

As suggested by these examples, it is important that USAID (or other domors)
does not adopt policy positions which, ia effect, justify irrigacion proiects
based on highly subsidized enerzv costs. So doing will only hide the =rue value

of racurrent costs and jeopazdize the longer term viability of the projectcs if

energy costs are raised to more financizllvy viable levels.

5.2 Crop Pricing Policies

poilciss winich zend 3 undervalue agricultural
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precuce in order to provide cheaper food for urban residents. dlthough
politically popular, such policies are usually destructive of rural economies
and heace we a frequent source of "policy dialogre" between USAID and host

governments. This situation is particularly severe in some countrzies o Africa.
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Such policies can also make irrigated agriculture hignly uneconom
point of view of the farmers - even In cases whera it would be profitable il the
increased production were priced at realistic levels. This was exemplified bv
the case in Senegal where the official price for rice was such that ourped
irrigation using the Senegal River vallev was only marginzllv atstraczive (

best) 1 all cocsts ware aczually accrued by the farmers. As a vesulc, 2ost

Carmers with access to an irrigated perinacter along the midéls and upper valleys
still engage in subsistance farming producing very linited markesablas sursluses
- a situation common in Africa and one contributing to Zoed shertages in chis

region. The marginal profitabilizy of irrizatad agziculzure Is raspensidle Zor

tie limited interest ia commercial scale farming in this region on rthe lar

uq

ew

irrigated perimeters, which would contszibuta co increased food orocducsion ZIor

matketing in urban areis.
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In countrles, therafore, where indreases in agricultural output will depend on
large part on pumped water, the nead for rationale food priciag policies will Ye
even more criticzal than when dealing with low capizal input traditional fcwms ¢f

agriculture,

USAID arnd other donors should, therafore, reinforce policies which cie suppore
for expanding agricultural output based on irrigation projects to faod pTicing
policies which can maka such agriculture potentially profitable whila allcwing
for paying cthe substantial rascurrent costs associatad with i::iéaced

agriculture

5.3 Agricultur.l Expansion - Energy Seczor Planning Coordination

There is a tendency for agricultural sector planning to take place wizh licsia,
if any, referenmce to overall natiounal enerzy impacts or rural alacetrifica cio1
plans. The reverse of this is also true, i.e., energy sactor planning of:e en is

done with little awareness of the impacs of agzizuliural seszor ars

As a resuic, Zirrigation projects tend to be lmplemented withcu: za2zard zo or
overall enerzy supoly strategy which could lower coscts in the long tav=. TFor
example, ia Senegal it appears that the long camm égricul:ural expansion pnlans
along the Senegal River could strongly influence the profeczs for
electriiication using hydropower. Due to the lack of coordization betwesn the
SectoTs :his Issue has not been adequataly counsiderad. Similarlv, as suggescad
by the exper*ence i1 Pakistan, the impaccs of izrizgation pumping zeeds om Tural
electrificarion infrastructura, ceatral stacion generating capacity, awpansion

and fuel impacts ara of:em not considerad and Taraly guanciiiad.

Sigaificant expansions of irrigated agriculture requiriag pumping should ta dcne
consistant with overall energy secicr plamning co potenziallvr lower coscss,

provide inputs as to salacticn cof sulping svystaa technologlas, ansura shas all
the infrastructurs aad Zuel cos: facsor: ave aczcuataed Zor ia che avaluzsigm
Process, and to amsura that che an T3y rTelatad iapuss ara, in facz, availitla =g

the proiacs:.

/A Arthur D. Lictle, Inc.
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5.4 Role of Distributed Power Svstems

As a practical mattar, the icrigaczionm pumps will often be che largest load
assoclated with rural development projects in LDC. This ig certaianly the zzse
throughout the ru:al.regious of Fakistan and along the Senmegal River Valley. It
also appears to be the case in many regions of the Sudan and several othe=
African couarries. The issue of energizing the pumps and providing rural power

in general are therefore, often highly intertwined.

Ioplementing rural development projects is a complex undertaking involving
ayriad social: institutional, and technical! issues and problems. The Zinclusion
of irrigation with associlated pumping furcher compliczates an already difiicult
undertaking. The questions associatad with how best to energize the pumps ara
understandably often relegated to secondary states in the overall planning
process. The choice is usually made based on two options: individualized
Diesel pumps or extending zn alrazdy established elecsric veilicy grid,

However, as previously discussed, the recurrent costs as¥ociated with Iirrigaticn

pumping can have a-major impact or overall CTop economics and, therefore, rural
development prospects. 4s a result, donor organizaticns should gzive inc:eiéad
attenticn to alternmative means of providing cricical power needs in rural
development projects; inciuding the role of larger distributed power systems

using minigrids to serve regiomal needs.

Although modest by U.S. or European standards, the regional power neads in LDC

are often still geasured ia the negawatis. ror example, providing suffizie

3

(S

power for 50 irrigatisn pumps along the Seregal River would necessitata abcu: °
aegawatts of power., Sizilarly, the Tegional needs Ia the proximity of a medium
size town (10,0C0) Za Pzkiscan is often in excess of 10 MW. As a praccical

mactter, regiornal development iavolving pumped Iirrigaticon will ofrzanm ragul

"
v

power generacion czpaciszlas in the range of !-30 MW. The common acprozch Ior

aerving regional load cencers of this magnitude Is zo extand cthe caatral z=ig

gzl
ik zom<ez) asz2z’ 2w oo tte . w2 install ccavenziozal diasel or gas turbine
S3mBT2tIng cfopaciiy whizh raguizes che consumption of nigh cost, Ilaporzad

istillate Iuels. Tor chis iarermediaca range oI power lavels, mcra

A Arthur D. Lirtle, Inc.



consideration should be given to .an axpanded technology base of distr

pover s7stem using some combination of:

o

The use of distributed power system iz this capaci

Blomass f£ired power systems;
Coal or peat fired power systams;
Local hydropowar pcwer svetams;

3ybrid power systems whiczh combize the above or solar/wiad

gystems with diesel gzenerators (to conserve on importad Zuel

needs) .

advantages:

large eancuzh to rasult ia =he af7igian- cgeracizn of

1]
7]
&3
11
®
IS
ta

Q

technolcgical opcions wh

lover power levels. The ecomomics of scale ares associaced wizh
capital equipment costs and, periaps more imporzanz, tie apilicy
to afford trained staif responsiblea for 0&M and che management of

the facilicy.
The size i3 small enough to:

a) Provide additional flexibilicy ta use izdigenous energy
resources (wood, peat coal, etec.) which may act 2e (and is
oftern not) available in sufiiclencly large quantizias to

support conventional (mulzi hundrad megawat:) power planes.

2) ?rovide appropriaze capacity o serve ragional load cemcars

with local grids and ofcan scill Ha inszalled iz zulsiple

/A Arthur D. Little, Ine.
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c) 3Be availablie in prepackaged systems which can be Teadily
tTansported to the site and installed in a short pericd with

a minizum of site lapor.

d) Be made available in standazd units resulcing in inzer-

changeable parts and a common 0&M training program.

S

11

Utilizy plaaners in LDC were often trainmed in the U.S. or Europe whera the b%

(]

is strongly ia the direction of ceat=al grid expaasion based en large cantTa
generating facilities. The opcion to use a variety of intermediate scalsz
generating facilities with associaced fuel flexibility, siting flexidilicy, and
possiboly lower capital costs (parzicularly :if transmission and distridbution
networks are considered) is, therefore, not usually considered bv LDC utdilics

planners or by those in donor organization raspomsible for designing rural

development or rural electrification prcgrams.

.3 __Croo Selectirn =~ Irvimz=dan Swgzzm Desiza

in

This repors dealt primarily with the mechanics anc costs of pumped irrization
assuming wzter use patterns as a given. Thesa water use patteras are, :n ur,
a functicn of crop selection, irrigacion svstem design, and clizmate. The latzer
factor is beyond the control of project designers. The first two can, however,
within some lizits be influenced by proper policias and svstem desizn
guidelines.

4. Irrigaticn Svscem Design

doth the licerature and discussicns wizh ZSield workers iadicaze zhar che awouncs

of water used for irrigacion are usually well in excess of that needad. 7This :is

due %o two primary factors:

(

) Pcor desigza of irrigacion system discribution and water xnanagemens

Y

Systems resulting in large lossas of watar v evaporaslon, runoess, and

leakage.
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(b) Over irrigation of crops by individual farmers pasad poth con = dazi-:

<

to ‘ensure adequaca watar within an unraliable s7stam (beztar ze: %

whila ic's available) and a ‘ack of xnowledge of proper irrigasi:c

practice.
Ixcess watar usa, ia tura, has several dalarerious affaccs:

- It directly izncreasas pumpiag costs wnich, as indicacad earliar, czn

be a major cost factor in crop economics.

- Lt can hamm crop productionm by increasing salinicw probisms and

waterloggiag.

In che countties addressed inm <his report, irzigaciom distriducion systems wera
in general open, unlined, diszches which had high losses, - protably

€m such syszams

]
O
4]
{n
1]
"]
in
"

undereszimacad. ina projacting crop water raquirements.
ran froz Z0% to 50T depanding 52 s0il coméitisns, canal =2inzazance, znd
dazagenent practicas. This situacion is comzen taroughout Africa and is

prcbably a reasonabla, low cost, choice where gravicy fed Zrrigation is used.

Scwever, whers pumped water is used the nigh losses associated wiszh suet

[

rudimentary irrigation discribucion systems adversely (aad significaas 7 z0)
affects overall pumpiag costs. Thase losses could be greacly raduced Yv such
Zeasures as lining canals, using Pipiag fer discridution, and varicus fomns ol
drip irrization (for some crops). However, these measuras IncTezse che initial
cost of implemenciag irrigation projects. No sources were idenziiiad during
this project where the =radaeoifs between reduced pumping cost and ‘azraased
capical costs Ior Improved ir:iéacion s7steas have been made. USAID and ochaw
donors should comsidar a policy whereby such tradeoffs ars aada aarls ia zha
planaiag stages of rural davelopment pfojec:s lzcorporating pumped irzigasien.

cnadla

(7]

This could help ensura that ~rTigacion project designs represent a raz
compromise between Znizial capital cosss and Tecurrant cosis. Siace tha lactaw
Cescs are the Achillas' heal of pany irrigation grofec:s, thesa =radacsi<s czuld
wall indicace that zmoras funds spent 11 reduciag watar losses would Taprasant zn

appTopriats approach I manv cases - particularly ia Africa.
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http:ien.i.ed

LIST OF REFERENCES

1. General Policies and Implementation Guidelines - Rural Electrification
Program, Pakistan, USAID, PAKISTAN, March 1983,

Assessment of the Relative Economy of Alternmative Options For
Irrigation Pumping in Identified IDP Project Areas (Pador, Bakel
Collerga, Bakel - Bulon, Dirul Plain), USAID Report, Senegal Mission,
November 1984.

(8]

3. Irrigacion and AID's Experience: A Consideration Based on

Evaluations, August 1983, U.S. Agency for International Development.

4, Country Development Strategy Statements, SAHIL, 7Y 1984, Agency for

v— - e ia) - - .
International Cevelopmenc,

5. Annual Budget Submission, FY 1986, MALI, June 1984, Agency for

International Development.

6. Prospects for Small-Scale Irrigation Development in the Sahel, USAID,
Water and Management Symthesis II Project, WMS Report 26.

7. Accelerated Development in Sub-Saharan Africa, World Bank Report, 1981

3. Senegal: Issues and Options in The Energy Sector, July 1963, World
Bank Report, No. 4182-SE

9. The Bakel Small Scale Irrigation Perimeters: An Economic Analysis of

Agricultural Production, M. Keita, USAID/ADO, Senegal, June 1983

10 Development of Irrigated Agriculture in Niger, Club Du Sahel/CILSS,
SAHEL D(79) 46, Oct. 1979.

A\ Arthur D. Little, Inc.



11.

12.

13.

14,

15.

16.

17.

18.

Same Serias of Reports as above Reference for Mouritania, Mali, Upper

Volta, Cape Verds, and Senegal.

The Davelopment of Irrigated Agriculcure in the Sahel, Raview and
Perspectives, Club Du Sahel, SAHEL D(80) 75, april 1980.

Conference On The Development Diractions in the "Afzar the Dam"

Period, GMVS, Dakar, 19-23 November, 1984, Summary of Proceedings.

Water Pumping ror Irrigacion In Africa: An Analysis Of Project
Problems and Energy Options, A. Borsc, AFR/TR/SDP, Sept. 1984,

Recurrent Costs of Development Programs in che Countries of the Sahal,
Club Du Sahel, August 1980.
Sudan: The Rohud Irrigation Project, USAID Prsizc:t Iapacz Zvaluacion

Report No. 31, March 1985.

Irrigacion Pumping, Planning Guide No. 3, Watar Management Svuchasis

Project

The Impact of Irrigation on Development: Issues For a Comprahensive

Evaluation Study, Office of Evaluation, USAID, OCT. 1580.

/A Arthur D. Lictle. Inc.



