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ABSTRACT

Supply of commercial type of energv sources for
rural communities has been a problem, especially
in least developed countries like Fthiopia. With a
sizeahle percentage of ity population living in the
rural areas on predominantly centuries old and
unproductive  farming practices, cyclic draught
and limited foreigm currency earning export have
resulted in fack nf food security in the Country. To
tnodernize the agricultural activities and achieve a
hetter standard of living, the need for a viable hpe
of energy resource base for the rural communities
is highly critical.

In this paper the energy from the sun through the
use of the Photovoltaic svstem for waler pumping
iv explured. The Pl system at twa pumping sites:
one for potable water supply and the other for
irvigation purposes have heen monitored for four
vedrs under real operating environment. The daily
water volume pumped by the PU S stem of 1.6 Kwy,y
has heen compared with diesel, wind and hand
pump svstems and found to be a viable alterpative.
The (L6 Kwp Pl7 floar tvpe pump wused  for
irrigation can casilv irrigate 4.5 hectares of land
and the users he able to pav back the investment
cost within 2 to 3 years.

Although the PV system has a high nitial
investment cost, this alone shauld not necessarify
be taken as a detervent for its utilization. Ns other
direcr and indwrect benefits, foreseeable cost
reduction, ease and securtty of usage, possibility
of system expansion by sunply adding modules
makes the P17 system as one of the strong
alternatives for satisfving the energy demands of
rural communities.

INTRODUCTION

The per capita use of energy in a country does
havc a strong reseinblance to its standard of living,
The more use of commercial type of energy
sources (likc fossil fuels, hydro power and nuclear
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energy} the better is the standard of living or the
wcalth of a nation. For example, the per capita
commercial type of energy usc for.

Ethiopla..................... 26 1cc
World's Average ... 1893 e
tce (ton coal equivalent) =29 X 10" ]

The indicated per capita energy consuinption of
Ethiopia is the lowest in the World Il we also ook
at the world's cnergy mix and compare with that of
Ethiopia,

World Ethiopia

Oil -41.8%, Fuelwood - 69.8%,

Gas - 1B % Animal dung/Agri-
waste - 14 8%

Coal -29.3% Human + Animal (food

equivalenty - 3.4%
Hydro - 6.8% Charcoal - 1%
Nuclear -3.3% Oil - 3.2%

Electricity - 0.8%

The cominercial or modcrn type cnergy source (o1l
& clectricity) usage in Fthiopia is aboutl 5% and
out of this close to 40% was consumed in Addis
Ababa alone in 1984, The non-commercial tvpe
cnergy  souece (like fuelwood. agri-waste and
animal dung) account close to Y5%. The term non-
commercial (ype energy source is used to denote
that no proper investment or organized eflort is
mnade to actually harvest and continuously supply
with a designated calorific value such kind of an
energy  source to a  potentiadl market.  This
dependence and high usage of the non-commercial
tvpe of enerpy source with low calorilic value will
continuousty hamper the Country's development
uniless other forms of energy sources arc provided
that can pive sufficiently high cnergy for mative
power production that are suitable for both the
agricultural and industrial sectors of the cconomy
of the Country.
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NEED FOR MOTIVE POWER

In order to understand the need for an energy
resource base with high motive power in Ethiopia,
one should first of ai! look at Lhe prevalent socio-
economic condition of the Country:

- The main source of income of the
Nation is in agriculture and cattle
breeding

- Farming is done by way of centuries old
and traditional practices requiring
intensive use of human labour and draft
animal power, and

- The population growth rate is more than
3% per year.

What s evident at Lthe moment is that the pressure
caused by a rapid population growih ratc, limted
resource {0 acquire und prepare more arable land,
a meagre use of the water resource potentiai for
irrigation and unproductive cmployment especially
in the rural arcas have alrcady forced a change in
the modc of lifc of the rural sctting and peeple
have been flocking towards the ciiy for better
employment. Under normal circumstances, thc
trend should have been, as the productivity of the
farms increase the labour force 1n the farms has 1o
go to industries but unfortunately this . not the
case. The need for more productse metheds of
tarming with the use of wechanized power and
developing rmgation schemes is very high

To wmprove the agncultural actnites of the
farmers and thereby raise the standard of living of
the rural commumties. among uther things. there
15 a great nced for

Encrgy for high motive power production for
the agriculiural sector of the counomy,
Encrgy for cooking and Lighting. and

- Energy for small scale industries

Ethiopia has a vast hvdro power resource With an
installed power of about 366 Mw, what has been
harnessed so far is less than 2%, of the cxpected
potential. Although the hydro power poicntial of
the Country is high, the devclopment cost of
conventional type of hydro power plants (like
ralkwa.sh, Fincha and Melka Wakenna power
stations) is very high and is not suitable for most
of the rural sertlements that cxists. Such kind of
hydro power plant is quite useful to satisfy the

energy demands of larger cilies (for lighting,
cooking and indusiries). To satisfy the fast
growing energy demand of the rural community,
which may account to about 85% of the Nation,
the alternative is to make an endcavour to employ
decentralized technologies based on renewable
eNergy resources.

The renewable encrgy resource base that could be
emploved to advantage for rural Ethiopia are solar
energy. wind energy, small hydros, biomass and 1o
some extent geothcrmal wells. The systems
cnvisaged are dccentralized systems
(decentralization 1mplies localized systems built
for a task at hand), lLike photovollaic plants,
windmills, small hydro power plants, bio- gas
plants, ctc

THE PHOTOVOLTAIC SYSTEM

Ethiopia 1s cndowed with an abundance of
sunshinc throughout the ycar, The msolation level
ranges between 45 Kwh/sqnvday 1o 72
Kwh/sq m/dav and with a yearly averape of about
54 Kwhisq m/day The daily and nonthly
vanation of the insolation level is narrow cnough
for eflicient utihzation of solar enerpy conversion
devices such as a photoyoltale system

Terrcstrial application of the photovoltaic svstein
staried in the early 1970's as a response (o the first
oil crisis. Later in 19%5, research and development
in PV materials intensified especially 1o Europe
afier the Chernobyl ouclear  accwdent  The
application of the photovoltaie system varics from
a single to communal use as well as 1o supplving
energy to utthity grids

Terrestrial photovoltaic svstems can be categonsed
into three appheations  stand-alone, hybrid, and
grid connccted. Firg. 1 shows the block diagram
representation of these systems,

The stand-alone system typically consists of a
storage batiery system and is emploved 1o the
supply of enerpy to remote areas with no electricity
pnd ur a back-up system facilhity, Rural commiumiy
clectnfication, village climic or school or waler
pumping applications are the main types of loads.
Both dc and ac types of loads are handled by the
system  and the Power Conditioning &
Management (PCM) unit matches the array with
the battern and the load The charge/discharge
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controeller circuitry for the battery, de/ac inverter as
well as the regulator and the necessary load
management control circuils are also in the PCM.

The hybrid photoveltaic system consists of a back-
up system like a dicsel/gasoline generator. Such a
system is usually applicable if there is a critical
load in the systemn that nceds uninterrupted supply
of power. Since the system incorporates an
additional energy source {gencrator) the cost of the
system is on the high side.

I
PV

Array

STAND - ALONE PV SYSTEM

C >0

acfﬂc system
PV ' 0O
PCM
Array ' A
D

Battery '(— Rectifier

A HYBRID SYSTEM ( PV + Gen-Set)

INVERTER

ac/dc system

PHOTOVOLTAIC SYSTEM IN WATER
PUMPING

Photovoltaic systems were mostly used for space
application before the carly seventies. After the
first oil crisis of 1973, the application of the
photovoltaic system for terrestrial use gathered
momentum  and  developed  rapidly.  Many
technological changes have been introduced in the
manufacturing proccss to improve its versatility

A GRID CONNECTED PV SYSTEM

E

PV B
Array >/ '( Q >—>
UTILITY

GRID

Figurc | Block Diagram Representation of Terrestrial Photovoltaic sysicms

The pgrid<onnected or also referred to as
cogeneration system 1s employed to feed the utility
grnid with PV gencrated clectricity, In this system
the utility grid acts as an infinite energy sink and
the inverter circuit matches the PV output to the
grid.
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and also 1o reduce systems cost. A wide varicty of
applications ranging from a fow microwalts (for
waichcs) to hundred of kilowatts for stand-alone
rural electrification systems have been  tried,
Generally. applications of a photovoltaic system
arc fypically identified by their cnd use: Water
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pumping, water desalination, telecommunication,
rural electrification, as well as in hybnd and
central power plants, The principal factors
affecting the efficicnt operation of a pholovoltaic
systcm are the solar irradiance level. ambicnt
temperature, nature of the load, chosen system
configuration and the resulling wmatching
condilions of the array to the electronic control
circuit, the battery and the load The conditions
under which solar arrays opecratc at a given
location causcs the dc powcr output of the armay to
vary over a considcrable range from day to day and
throughout the vear. To overcome this problem,
within a certain range of vanations, the array
output needs 4 conditioning sub-svstem that may
include inverters. charge controllers, frequency
controllers, maximum power point  trackers,
DC/DC converlers as well as load management
controllers before it can be uscfully emploved for
most applications.

The stand-alone photovoltaic svsiem is the most

common system employed for clectrification of
rural communities, health centres and schools For

—

PV

Array —)@-—) P

water pumping purposes, the system usually
operates without a batiery unit and is as shown in
Fig. 2.

In Fig 2a, thc PV array is directly connected to the
pump. Whenever there is sunshine the array
generatcs a de voltage which is directly connected
to a dc motor and pump. Such 4 system is sultable
for low head and high discharge application like
an irmigation system and operates well for loads
lcss than 1 Kw. The system configuration shown
in Fig. 2b includes a dofac inverter unit, The
inverier is useful in voltage regulation, runs an ac
motor and may also include maximum power point
tracker and frequency controller so as Lo miake the
array opcrate at ils opiimum power pomt for a
range of insolation levels.

In photovoltaiy water pumping the guantity of
warter delnered by the PV system depends on the
insolation level reaching the array which may vary
with seasonal changpes. the head agamst which the
water 15 10 be pumped and the overall svstem
perlormance Commercially available PV water
pumping sy stems are inoa svarety of configurations.

DC Motor + Pump

(@)

PV >

Array Invaerter

{b)

5 P

AC Motor + Pump

Figure 2 Photovoltaic System for Watcr Pumping Applivation
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Two of the principal configurations are;

1. Submersible centrifugal motor/pump  umit
which is mostly used for village water supply
system, and

2. Floating centrifugal motor/pump unil which is
suitable for irrigation purposes.

Through the financial support of the Swedish
Agency for Research  Co-operation  with
Developing Countrics (SAREC). the Electrical
Enginecring Department of the Addis Ababa
University and the Research & Development
Services of EWWCA have been running since
December 1992 a photovoltaic water pumping
project for potable water supply and irmgation
purposes at  Weg and Awash Mclkassa,
respectively. The following is a summary of the
activitics for the two pumping sites.

Site: WEG
POTABLE WATER SUPPLY SYSTEM

The site ts about 175 Km from Addis Ababa, 7 Km
from Ziwaye on the Ziwave- Butajira road and
about 5 Km ofT the road to the right.

Systein:  PANEL + INVERTER + PUMP

1.6 Kwpeak., Kyocera 32 solar pancls

{Bs X 4p)

1.5 KVA Grundfos inverler

Pumip - Grundfos SP3A - 10

The arrays make a tilt of 15"'S and face the
equator.

Well Daia . Total head 62m
Pump setting at 58 5in below ground
Reservolr capacity - 30 cu.m with
four faucets for the supply of water
System's Cost 1s about USD 15,0001 {excluding
the reservoir)

Most arrays are generally designed to carry the
modules at a (ixed tilt angle which maximizes the
amouni of msolation received over the vear. The
best tilt angle is the latitude of the sitc and has to
face the cquator However, the tilt angle should not
be less than 150 to reduce dust accumulation,
Generally, it is advantageous to have an array with
a flexibility to adjust the tilt angle manually every
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few months so as to maximize the received
insolation and reduce the array size.

System has been opcrational since December 1992
without any intcrruption and monitored by the
daily water delivery against the total pumping
head. Depending on the insolation level received,
the flow ratc changes proporuonally. The pump
starts between 8:00 and 9:00, reaches its maximum
flow rate between 11:00 and 14:40 and stops at
about 17:00. In the aficrnoons, aithough the
insolation fevel received 15 high since the ambient
temperature increascs the systetn drops its flow
rate duc to the increase in the cells temperature of
the array and in turn  decreasing the clficiency of
the syster). The system operates for & 10 9 hours
daily and delivers on average about 12.5 cum.
About 300U persons are using the well and the per
capila waler consumption is less than 20 lcd
Systcm is run by two persons whase main task is to
guard and clean the panels. record water meter
readings and collect money from uscrs. The users
have been made to pay 5 cents per 461 of water. A
committece has been set up for the citicient
operation of the svstem and the mones collecied 1s
utilized for the salary of the two persons and for up
keep of the svstem, Here it has to be noted that the
cost for water by a familv of § is about Birr 1 54
per month. This is by any suandard too low
considcring the saving in time in fetching water
from a river which is close to 7 Km one way The
time and labour saved o fetching water could be
ufilized in ether productive work and the cost for
water per family could cven be raised to Bur 3.00
per month 1o cut down the svstem's pay back
period.

Investment relurn in photovoltaic potabic water
pumping system just by the money saved direct
through the sale of water is slow and would take a
number of veurs 1o cover the system's initial
eapenditure. However, other indirect benefils
through the use of potable water like saving cniergy
and time that could be used for other productive
purposcs, usc of clean water with improved healih
carc and partially relieving the great burden of
women and children (fetching water 1s part of their
task in many fanulies) should not be over looked

The system installed is casy 10 operate and so far
there has been no cost for muinienance
Acceptance of the syvstem by the people is high and
poscs no danger 1o uscrs at all. However, the 1nitial
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investment on the systcm is quite high. With
rescarch and development in the semiconductors
arca, cificiency increase in the modules (less array
size and cost) and over all reduction in production
cost within the coming lew years arc quitc
inevitable, as witnessed in the cost reduction of
pancls in the past ycars.

Fig. 3 shows the monthly max, min and average
water discharge {rom the borewell at weg. With an
average discharge of about 12.5 cu.m of water per
day the wecll has been supplying water fo the
villagers since December 1992 without fail

Site : Awash Melkassa
IRRIGATION SYSTEM

The sue 15 120 Km from Addis Ababa on Asscla
road and about 3 Km off the road towards the
Awash river.

System . PANEL + DC FLOAT PUMP

6tH) Wpeak, Kvocera 12 solar panels

(s X 3p). with a tilt of 1598

DC motor + Float type AQUASCOL -

{00 L pump

Head is about 3.75 1n.

Water is from Awash river brought to the
ficld by making a hand dug canal about
IKm in length, with 2m depth and 0.7 m
width

Systein's total cost . USD 7.000.04

System has been operating since March 1993
without any failure. The daily water discharge is
recorded by a pump attendant recruited from the
farmers and the global insolation received has
been monitored using an Eppley Pyranomneter
located in thc compound of the Institute of
Agricultural Research Office at Awash-Melkassa.
The system delivers on average about 135 cu.m per
day. This volume of water could irrigatc 4.5 to 5.5
hectares of land especially in vegetable gardening.
The system is necded for eight months in a vear
and for the remaining four, rain 1s uscd to grow
mainly staple food crop.

Since the introduction of the solar irrigation pump
in the community, some families have been busy
during the sunny season of the year by growing

vegetables for the market in Nazareth and have
supplemented their yearly income greatly. During
the eight months period, two harvesis can be done.
From a hectare of fomatoes a single family has
collected Birr 9000.00 from a singie harvest. At
one moment there were 21 farmers using the
pump; ol course the land holding lor most was a
fraction of a hectare. The pump could irngate 1.5
hectares of land per dav and since the crop
{tvpically tomatoes) necds watering every 3 days,
the pump could cflectively be used up to 4.5
hectares

From the expenience gathered so far, it is possible
to cover the system's cost within a few ycars. The
problem al the moment is on how to get this sum
of money for the initial investment A scheme has
to be developed by the government to lend money
to the farmers for such purposes without any
collateral.

Regarding syvstem's faifure. since the system has
only the solar panels directly connected to the dc
pump, the component parts of the system are only
two and the chance of latlure is low. The solar
pancls would stay for a long time (over 20 vears)
without any considerable change in performance.
The dc pump would need replacement aficr some
time and its cost is about 30 - 35% of the initial
investmeni. Without reaching this state the system
would return its investment without any problem.

Fig. 4 shows the monthly max, min and average
water discharge of the system. Under the present
condition. this is shared bv a group of farmers
growing lomaloes and pepper and their total land
holding is between 4 to 5 hectares. For vegelable
gardemng by compacting the canals to reduce
scepage during the transport of water, it is possible
to increase the hectarage.

APPRAISAL OF A PHOTOVOLTAIC
PUMPING SYSTEM

Initial Appraisal of Systems

Since December 1992 the photovoltaic water
pumping system at Weg has becn operational in
actual situations of usagc in the field. No system's
failure or performaunce deterioration have been
recoided so [ar and the acceptance of the system by
the people is verv high. The photovoltaic unit has
replaced a diesel niono-pump that had irregular
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The high initial investment of the system should
not necessarily be taken as a deterrent for its
utilization. Every energy supply system docs have
its costs, risks and benefits and the photovoltaic
system is no exception and one should also weigh
its direct and indirect benefits. For irrigation
purposes the system's cost coverage will be within
a short time,

In polable watcr supply system, covering the
system's cost just by the dircct salc of water alone
would take a long time and may not be
economicatly competitive with diesel pgen-sets
excepl for smaller loads. However. it is esscntial to
consider not only the direct costs and benefits
measured in termms of cash flows but also the
indircct benelits the system has brought to the
commuuity as a whole.

The photovoltaic system should be endorsed and
encouraged by the povernment. This could be
through thc popularization of thc technology,
jowcring of import taxcs as well as arranging
favourable credit facifitics by cither banks or other
governmicntal institutions.
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