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EXECUTIVE SUMMARY

The purpose of this project is to assess the conditions
and requirements for nv applications to provide electricity
for water pumping, lighting and refrigeration for remote
areas outside the National grid system in Ethiopia.

The extraordinary diverse terrain of Ethiopia with
population and national grid centred in the highlands, leave the
remote lowland areas dependent on fossil fuels for their
small energy requirements at an enourmous cost to the
government. The inirsduction of photovoltaic power <o
provide these small energy demands complements Government
activities in other renewable energies (hydropower and
geothermal) and relieves the central administration of the
hidden costs of fuel supply, operation and maintenance of
fossil fuel Systems.

The project proposes to train two engineers overseas
who will then install 47 solar pumps at selected sites; this will
give all regional water construction authority personnel
direct experience in the installation and operation of
these units.

The project proposes to install a solar powered
vaccine refrigerator pilot project in six sites selected for
their diverse climatic conditions but within easv access for
monitoring, evaluation and training of E.P.I. (Expanded
Project on Immunization) persornel,.

The project, as part of the advisory role of the
Ethionian National Energy Committee, will provide detailed

designs, specifications and cost estimates for  the




installation of lights at 50 schools and basic development
education centres to be constructed in Gambela, Asosa and
Metema through the OPEC fund. These designs will be used
for funding proposals and will be considered in the
current World Bank evaluation for a further 200 school

construction project.




INTRODUCTION

Following the severe drought of 1984 - 85, the
Ethiopian National Energy Committee of the Provisional
Military Govt. of Ethiopia approached UNIDO to finance
and recruit a technical expnert to assist the governnent
in assessing conditions for pv applications in the
drought, resettlement and remote areas. The purpose of
the project was specified to assess conditirns and
requirements -for pv applications to provide electricity
for water pumping, lighting and refrigeration for
remote areas outside the national grid system in
Ethiopia.

UNIDO appointed James Goodman of Solar Electric
International, a solar syvstems design, manufacture

and supply company to carry out the mission.

Work commenced on 16th October 1986 and
concluded with presentation of this final report at
the end of December 1986. The author visited
Ethiopia for a period of 7 weeks during which time
data was collected, potential sites visited, both
those identified in the initial prnject proposal
and those further recommended by regional authorities.
Exvensive discussions were held with authorities in
the Ministry of Health (EPI) and the Ministrv of
Education (School Building and Maintenance Unit). On
completion of the field work, the computer design
work on system outputs was completed in the company
offices in Nairobi and London. An interim report on
the design optiosns was presented to UNIDO during
debriefing on 10th December 1986.




The author wishes to extend his thanks to all
authorities and individuals who assisted him in
executing the mission. Dr. Ghebru Wolde Georghis,
Chairman of ENEC, initiated a rapid start to the
field work with his direct approach and delegated
an excellent team to assist the author. In particular
the author would like to thank the team of Yonael Teklu,
Astess W/Giorgis and Mr. Lema for their excellent
companionship .and good humour throughout the gruelling
tour and to Mulugeta Adam for organisation and
other administrative matters in Addis. Furthermore
thanks must be extended to the staff of UNIDO in Addis
Ababa who enabled the mission to be completed
successfully.

The report is divided into three sections:

A - Water pumping
B - Vaccine refrigeration
C - Lighting for schools

Which follow on from a general proposal objectives,
background and justification. The results of the Site
Survey are found in Annex II.

BACKGROUND

The Ethiopian government has a policy priority
of maximum utilisation of renewable energies with,
until now, particular emphasis on hydro and geo-
thermal power. In these sectors large scale projects
are under construction which wili supply energy
directly to the national grid or to isolated, but
large, population centres. 1ihere are considerable




areas which are denied access to the national grid;

these areas generally being the lowland border areas.
In some of these areas, particularly in the western
lowlands the Government is actively encouraging new
settlements to relieve pressure on the overpopulated
highlands. All energy requirements in these areas

are met by fossil fuel resources, a large drain on
forei . exchange and demanding elaborate organisational
suppl, and maintenance services.

The Ethiopian National Energy Committee, whose
staff members have had extensive experience both in
solar cell manufacture and in solar installation, has
closely monitored pv development worldwide. To
complement activities in other renewable energy fields
and to provide those small energy demands essential
for community development (pv water pumping, vaccine
refrigeration and lighting), the government through
E.N.E.C. is introducing solar power as a component of
its energy policy. The approach favoured by E.N.E.C.
is realistic in terms of worldwide pv developments
and has the full support of the author.

In brief this approach is:

a) the design, manufacture and assembly of pv
modules and svstems in Ethiopia (or any other
developing country) is economically unrealistic
at present. The rapid changes in the technology
currently occuring which, together with the
increasingly larger installations commissioned
in the western world, are resulting in the
forecasted reduction in price per peak watt. No
developing country should become involved in




b)

manufacture of solar cells until these changes
in technology and price have reached the "high

plateau'" but policy planners should be aware now
of the enormous possibilities and flexibility
of solar for development planning. This is the
philosophy of the ENEC approach, to introduce
mature system applications to form the basis of
future policy.

Up until 1986, all solar installation in
Ethiopia were bi-lateral aid donated equipment
of projects implemented by non government
organisations (n.g.o.). The former consists of
a successful small scale school lighting project,
a large scale ( 4 KW plus array) installation
which does not address the main village energy
demand, namely cooking, and only provides a
light in all houses in a village (this is of
more benefit to the supplier in gaining field
experience of the system than to the recinients
and a totally impractical solar pump unit
incorporating a suction pipe. The most success-
ful n.g.o. project is the introduction of solar
powered a.c. submersible pumps on the Omo river
in Gamu Gofa which has been evaluated by E.N.E.C.

The government has an active policy of
standardisation and it is a prime objective of
the project proposal to introduce equinment
standards which are realistic, of proven field
performance, and that address the basic energy
requirements of remote communities which at
present can only be provided by fossil fuels.
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(It is important to note that energy for

cooking cannot be net economically by solar
power).

OBJECTIVES

The long term objectives of this proposal are
for the establishment of a solid base for future
policy decision-making in the three sectors ot
community development which are basic to their future.
The three sectors; water pumping for clean, potable
water supply, refrigeration for effective immunisation
programmes and lighting for nightime communitv
development activities are analysed in separate
sections together with specifications and implementa-
tion costs.

The immediate objectives of the proposal are;

Water pumping

a) replace diesel powered pumps with pv pumps for
certain selected sites; to provide the communities
at those sites 'cost free' water and to relieve
E.W.W.C.A. of high maintenance demands in low
priority (demographic) areas.

b) to provide 'hands on' experience to all regional
E.W.W.C.A. personnel in the installation and
operation of pv pumping units.

Vaccine refrigeration

aj Lo ¢3taviish a pilul project tu give regional
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EPI personnel direct experience in running
-solar powered vaccine refrigerators.

b) to provide a base for evaluation < 1d monitoring
of equipment in diverse climatic conditions
representative of the country as a whole.

Lighting
a) to provide design, specification and cost

estimates to the OPEC funded school building
project in Illubabor, Welega and Gonder as a
basis for funding proposals.

b) to provide items as outlined in (a) for the
World Bank evaluation study for funding of a
further 200 schools and Basic Education
development centres in Ethiopia.

PROJECT OUTPUTS AND ACTIVITIES

Water pumping.

Once funding has been found, tender put out and
the contract awarded for the supply of the pv pumps,
two engineers, one from ENEC and one from E.W.W.C.A.
will spend up to one month at the manufacturers being
trained in all aspects of operation, maintenance and
installation procedures. One of the conditions of
contract is for the contractor to provide computer
programmes to ENEC, which are capable of accurate
simulation of system si:zing, and compatable with




hardware being installed at ENEC. The hardware
available should be specified to the manufacturer
as soon as the contract is awarded.

On their return to Ethiopia and on the arrival
of the systems (3 months from date of contract award)
the two engineers will install one or .wo units in
each region, training the E.W.W.C.A. personnel through
‘hands On'experience. These technicians will then
install the other units in their region as operational
programmes permit.

The capability of E.W.W.C.A. personnel to
adequately install a.c. submersible pumps is beyond
doubt and the excellent installation of a 4 kW
array at Mito leaves no doubt to the capability of
ENEC engineers. There is a high standard of profes-
sionalism in all personnel encountered in both

organisations.

The main government contribution, providing
adequate 'on-point' storage facilities,will be
implemented as soon as the first units are installed
using designs from Jima. Installing a pump and arrayv
only takes 2 days but a ferrocement tank can take up
to a month to complete. Initially the pv pumps will
use existing storage until operational prcgrammes
allow for suitable storage facility construction.
Once these have been constructed the existing steel
tanks can be removed to sites where diesel units are
the only practical power source.
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Vaccine Refrigerator pilot project

This tender will be put out separately from
the water pumping tender. When the contract is
awarded the manufacturer will submit designs for
array stands which will be constructed by the
Ministry of Health prior to the arrival of the
units and the manufacturers engineer. The engineer
will s.end 3 weeks in country installing the units
and training EPI personnel and local operators in
installation, maintenance and training procedures.
It is expected that 3 months after the award of
contract the units will be in Addis Ababa and ready
for installation.

Lighting for Schools

The designs, specifications and cost estimates
have been forwarded to the UNESCO advisor to the
OPEC funded 50 school project based at the School
Building and Maintenance Unit of the Ministry of
Education. The advisor will use this as a basis
when seeking further funds for lighting from the the
OPEC fund and he will also present the package to
the World Bank evaluation of a further 200 school
construction project currently underway in Ethiopia.
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Project Inputs

Water Pumping

The system installed costs for a typical
system at a remote site some 400 Km from a regional
E.W.W.C.A. yard is given in section A5 with a full
breakdown on foreign and local cost components:

For each system, which includes supply of pv pumps,
freight, insfallation and provision of fencing,
storage tank and distribution point, the costs can
be summarised:

a) Foreign component § 15,311.95 (including freight)

b) Local component § 10,975.48 or 22,682 Birr.

Foreign component:

47 pumps are to be supplied as per specifications

in draft terms of reference; assume tracking approach,
and that the largest available systems will be
chosen for the 7 sites (Z in Humera, S5 in Wollo) not
detailed. Refer Annex II, survey summary for
component breakdown costs: it will be noticed that
the cost estimates for the units specified is in the
range of § 14,900 - f.o0.b. For budget cost assume
f.o.b. cost as $§ 15,000 per unit.

f.o.b cost for 47 systems $ 705,000
seafreight/insurance from
country or origin to Asab $ 35,000

Total c.i.f. Asab $ 740,000
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These budget costs are strictly estimates for UNIDO analysis
oniy. The freight costs are particularly difficult to estimate

as the country of origin of eventual supplier is unknown.

UNIDO contribution

c.i.f. cost $ 7L0,000
10% spares $ 70,500
Vehicle $ 17,000

Overseas training

2 man-months including
air fares $ 9,000

Total UNIDO contribution
for pv pumping $ 836,500

Local component

The cost of breakdown (section AS) is fairly representative of the

spread of sites.

Total government contribution for L7 cites
in USS - $ 515,001.00

I ncluding a 10% contingency
Govt. contribution $ 566,500 or approx. 1,200,000 Birr.

Vaccine Refrigerator pilot project

See section B6 cost estimates for UNIDO

contribution - $ Lo,k00
Govt. contribution - 12,100 Birr or $ 5,845.41
Lighting

Based on section C.10 and calculating two systems per school

the cost estimates for a 50 schools project is as follows:

Foreign currency component: us$ 68,305
Local component: Us$ 16,966 or 35,127 Birr,

Including US$ 3,000 or approx. 6,200 Birr for the transportation

of equipment and installation team to the project sites

Total Goverament contribution: U1,320 Birr or approx. US$ 20,000,




A.1.

- 13 -

WATER PUMPING

GENERAL DISCUSSION PAPER ON THE USE OF SOLAR WATER
PUMPING FOR REMOTE REGIONS IN ETHIOPIA, with reference

to survey records.

The ideal feature of photovoltaic power for
small scale energy requirements is the ability to
match energy supply and demand; a feature not avail-
able in small diesel systems. Diesel generator and
direct belt driven pumping systems are not generally
available below 3 kW; a glance at the survey results
show how in many cases the installed system is
oversized (mostly as a result of emergency aid than
poor design). Hence, field efficiencies result in
the order of 10- 20% rather than factory figures of
up to 35% with operation below capacity and poor
maintenance accounting for performance drop. In these
cases the prime mover and subsystem (transmission/
pump or generator/motor/pump) mismatch creates large
penalties because the engine is operating below
rated output. These unnecessary penalties are
transferred to the community in the form of extra
fuel costs. There is very little reliable data
available on actual operational costs of diesel
engines in the field whereas solar technology has
been rigouously examined and analysed by a host
of bodies. (It is probably true to say that if
diesel powered pumping systems were at the same
stage of evolvement as solar pumps they would have
been consigned to oblivion). The greater technical
simplicity, with fewer parts that can fail, longer
life span and no fuel requirements of solar pumps




are important considerations, difficult to quantify
economically, in installing rural water supplies.
Conventional diesel systems in the remote parts
surveyed present some organisational problems:

a) Breakdown

At several of the sites surveyed e.g. Harewa,
Shinile, Wachyga Busha, Dolo Mekala the systems
had nof functioned for 3 months or so for a
variety of reasons (contactor fuse at Dolo
Mekala, mono pump transmission bearings at
Shinile, Harewa). E.W.W.C.A. who are responsi-
ble for installation and maintenance of systems,
is overstretched and their priorities clearly
must lie with larger systems serving larger
populations. There large systems will either
be mains or diesel powered submersibles.

b) Rationalisation of equipment

A quick glance through the survey indicates the
enormous range of equipment that each regional
E.W.W.C.A. has to maintain and hence provide
the investment capital for spare parts. Opera-
tional budget constraints present severe
problems in spare part holdings. The notable
exception is the Metema sites where a standard
system of a Motori Slanzi prime mover with

belt driven mono pump is installed at all sites.
However, even here, the transmission bearing
problems of the mono pumps (see Breakdown
above) was evident.




c)

d)

Personnel

All tne operators of the systems were dedicated
to tneir responsibilities. However, they are
not trained tc more than superfically maintain
their systems, laying a real onus on E.W.W.C.A.
This maintenance difficulty was stressed by
avery regional manager. Introducing solar
pumps does not require specific training in
day to day operation.

Fuel

Fuel costs in regional centres are given in
the site selection criteria. They do not
represent the actual cost of delivering the
fuel from regional centres to the remote
areas; this actual cost is difficult to

quantify because;

a) Ethiopia 1s a centrally planned economy
with a basic fixed fuel price, not
subject to market forces.

b) the institutional '""hidden" cost of
organizing and delivering fuel from
regional centres could not be evaluated.

In some cases, e.g. Mile in Harerge, the
supply had been so irregular that an indivi-
dual in the community now purchased fuel in
Dire Dawa and sold the water. This is an
example where énly those with sufficient cash




e)

£)

flow have access to pctable water. This is a
special case; 1in most communities money 1is
collected by the water committee for fuel so
there is either water for all or none at all,
the latter being the case at Wachyga Lusha.
In th2 new settlement and developing areas,
such as Gambella and Metema, communities are
tctally dependent on the regional and central
administration for providing fuel as they
establish themselves economicaliy;a heavy
burden on the administration.

Distributicn and Storage Systems (See A3)

Except for the onpoint storage and distribution
systems, the elaborate large elevated steel
tanks and several distribution lines and tap
stands present both a large extra capital cost
and extra running costs through increased
system head. In future, for remote solar
installations, on point ferro-cement storage
tank with closeby multi tap points is advis-
able and for installation costs and analysis
this is the advised design. However, for
computer designs of surveved sites existing
storage and distribution svstems have been
accounted for in s stem head. Introduction

of on point ferrocement tanks as part of
government contribution to the project will

increase water cutput at these sites.

Hand pumps and Diesel Systems: the time factor
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was the inordinate length of time waiting for
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water; an opportunity ccst of labour.

This feature of waiting for water is common

at all small ;ural water projects, handpump

and diesei. systems. However, in the latter

it is due to pumping twice a day (an indication
of inadequate storage capacity) and has the
advantage that it is relatively quick (and
somewhat of a social event) whereas the demands
on a single handpump in a village of 400
families are enormous - over 13 hours/day
operation.

SITE SELECTION CRITERIA

A brief review of some of the criteria for
identifying sites is considered useful for future
work and is presented here.

a) Fuel costs and supply lines.

As outlined in the report, solar energy can
replace fossil fuels in the remote areas where supply
of fuel is difficult and expensive and in demographic
terms, a low government priority. The comparatively
populated highland areas of the country, well served
with road and major supply points were not considered.
Similarly, those areas with hydro development projects
noted or underway (e.g. the mini hydro preoject north
of Asosa, in Welega, which will eventually provide
power to the Asosa settlements) and those areas to
which national grid extensions are planned are not




considered. However, there are many sites within
these areas which 7nn't have energy access - the so
called "near but far'" places, which must be
considered in plans future.

Fossil fuel is shipped to Asab and from there
by road all over the country with considerable
distances involved - Asab to Abobo, south of
Gambella in Illubabor is a distance of nearly
2,000 km.

To 1illustrate the variability of fuel cost
due to distance at the main centres:

Diesel cost/litre Distance from Addis
Addis Ababa 0.79 Birr. $ 0.38 -
Jima 0.83 Birr. § 0.40 356 Km.
Metu 0.90 Birr § 0.43 619 Km.

Gambella, Illubabor

(Ubala is some 80 Km south of Gambella).
Gonder, Gonder

(Metema is 175 Km N. W. of Gonder but fuel goes by plane).

Yavello, Sidamo 0.91 Birr. S 0.44 570 Km.

Movale, Sidamo Fuel not availsable. 770 Km.

Harer, Harerge 0.86 Birr § 0.39 Fuel via Awash

Dire Dawa, Harerge 0.74 Birr § 0.38 "

Dessie, Wollo .75 Birr § 0.36 Fuel direct from Asab.

In terms of fuel costs, Illubabor is the most expensive;
however, fuel supply for all sites surveyed represents
a huge cost and committment by the W.S.S.A. (see
"Economic Analysis' for analysis of varying fuel

rnetae)
costTs ).
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b) Fuel and Maintenance

Availability of fuel and maintenance is an
important component of any rural water project.
Currently the Ethiopian Water Works construction
Authority installs the equipment and is responsible
for maintenance and the Water Supply and Sewerage
authority is responsible for running the systems
(i.e. fuel supply). In some regions other national
agencies assist in fuel supply e.g. RRC for Metema
and Humera in Gonder and the army in the Ogaden.
However, the extra ordinary diverse geography of
Ethiopia and the huge task of providing potable
water to all is stretching any organization to the
iimits. Consequently major construction projects
are currently directed at population centres in the
remote areas (e.g. Ogaden towns) and resettlement
areas (e.g. Metema and Gambella) which leaves some
smaller communities with a low priority both in
well construction and fuel and maintenance services
once the well is constructed. This 1is illustrated
by the small communities along the Dire Dawa -
Djibouti railroad where at 3 of the 4 wells visited,
the generator or the pump bearings had failed 2 - 5
months before the visit; at the 4th well an indivi-
dual had taken the responsibility of purchasing
diesel in Dire Dawa and selling the water. This 1is
the role of solar water pumping; to provide a
minimum amount of water relatively maintenance free

and with no fuel supply problems.

c) Site Locations (Population znd well depth criteria)

The most suitable state of the art in solar
pumps (and the stated preference of the ENEC)




is for A.C. submersible pumps which have a range up
to 1.5 KW. At the top end of the range, a unit
this size can provide up to 12 m3 water/day from a
well with a system head of 90 metres. This, at

10 litres/day/person can provide for a community of
1,000 people (see printouts for head vs. output for
various insolations). The shallower the well and
the smaller the system head the greater the output
and the larger the community that can be supplied;
alternatively surplus water can be used for expansion
or the establishment of small irrigation plots
(either fruit trees, green vegetables or tree
nurseries) as at Harer and Gonder.

In general, hand pumps are ideal in a head
range up to 20 - 25m; beyond this range some of the
community (young, old and infirm) have some diffi-
culty in hand pumping. There are severe restrictions
when there is only one hand pump for the community
as at Ubala and the Bara Abol villages (Finkao 6, 7
and 8) where up to 400 families use one handpump;

a phenomenal organisation and timing schedule is
required if every family is to pump water without
long queues (if each familv takes 2 minutes to take
it's 20 - 30 litres this represents full time
pumping of 135 hours a day !). In newly established
settlements this time factor, represented bv an
opportunity cost of labour, together with lack of
funds to pay for diesel provide an ideal location
for solar pumps. This is the justiiication for the
high priority for solar pumps on Gambella and Metema
welis. In all handpump sites visited the main
complaint of the water committees was the time
factor: however a major feature of all rural
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water systems in Ethiopia, both handpump and diesel
pump systems, is the queue of containers and/or
people at every distribution point.

d) Site Locations: Shading of array

Every site visited except for Harewa (near
Dire Dawa) present no problems of shading of the
array. The exception, Harewa is a situation where
the community has spring up around the well. For
future site surveys in locations like Harewa the
following formulae are useful in calculating the
location for the array to avoid shading:

Distance from the obstruction (wall, tree, tower)
of height C = C

tan §
Where § = Solar altitude, angle of sun above horizon.
g = Sin'1 (Sin (L) Sin(DEC) + Cos(L)Cos(DEC)Cos (HA))
Where L = latitude (+ve for N hLemisphere).
DEC = Solar declination, tilt of the earth

w.r.t. sun for the day of the vear
(+ ve for N hemisphere.
= 25.45% x Sin (360 x (284 + DAY)/565)

Where DAY = No. of the day of the vear
Jan 1lst. = 1, Dec. 31 = 365
HA = hour angle, angular deviation awayv from

solar noon ( - refer morning, +ve afternoon).
= (time - 12) x 15°

Note: For Horizontal (N - S) tracking the formulae
still apply but consider carefully the hour angle.




e) Security of System

See under tracking.
f) Insolation

Refer to FAO DATA or CESEN PUBLICATION. In the
lowlands where the solar pumps are most viable at
present, radiation is generally high and even. There
are exceptionms e.g. Gambella with 307 Langleys,

3.57 Kwh/m2/day in August. Design tools provided as
part of this project will enable ENEC to run printants
for all sites in Ethiopia.

g) The array sits on a mesh reinforced slab on
flat ground. Many of the sites are in black cotton
(montmorillite) clay soils and drainage precautions
must be taken. In all site selctions the soil and
drainage conditions should be noted.

h) A preliminary evaluation of site viability
w.T.t. hydrogeological parameters is possible if

well drilling logs and pump test data is available.

As part of the ongoing project all regional E.W.W.C.A.
offices should be asked to submit on a quarterly

basis all essential information to ENEC for viability
analysis. As format varies from region to region
copies of the attached form can be circulated.
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SITE SURVEY REPORT

Location
Radiation station:
Population:

No. of wells:

Wells: aquifer type

depth

yield

drawdown

Pumping units:

motor

pump

no. of hours of operation

fuel consumption

Distribution pipework §

length

storage

Array location:

Design:
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A.3

STORAGE AND DISTRIBUTION SYSTEMS

Solar Water pumps have their major output
between 11 a.m. and 3 p.m. when most rural communities
are in the fields, at school or at market. Adequate
storage facilities are an essential component of any
solar installation and indeed of any water system
(except handpumps). A large variety of storage tanks
were inspected during the survey and the majority
were steel tanks of between 2 - 8 m3 capacity at an
elevation of 2 - 6 metres above ground level. The
advantage of steel tanks is that they are quick
and easy to install if a crane is available. The
disadvantage is that they are generally too small and
Very expensive.

In the computer printouts, the outputs are
average daily water outputs based on average monthly
radiation data. No two days are generally the same;
consequently daily output varies and this must be
accounted for in storage capacity.

a) Storage Construction Costs

These figures are from E.W.W.C.A., Jima and
represent costs of construction in Jima; transport
1s extra. Note that a crane or other lifting
device is required to 1ift steel tank off transport
and onto support structures (exceptions are bolt
together section tanks e.g. Braithewaite or
Southern Cross tanks).

25 m3 rectangular masonry tank 15,842 Birr or $§ 7653
50 m3 rectantular masonry tank 33,206 Birr or $ 16042
25 m3 ferrocement tank 10,982 Birr or § 5305

10 m3 steel tank (including 22,024 Birr or $ 10640
masonry support)
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The Government contribution to this solar

pump prcject will be in the storage construction.

The most suitable choice from the cost viewpoint and
from community participation is the 25m3 ferrocement
tank. A 10 tonne truck can transport all the cement,
steel and wire mesh together with a skilled mason
and assistants from EWWCA regional workshop; the
community can provide the cleaned sand and labour.
Repair of ferrocement tanks is relatively simple and
on-site requiring basic hand tools and cement.

The capacity of 25m3 allows a good margin of
safety for variation in day to day radiation for
most of the sites considered. Naturally this figure
depends upon the design figure for daily water
consumption and in these remote areas a figure of
10 liter/day/person of potable water is accepted,
based on discussions with E.W.C.S. personnel. However,
a generalisation for water svstem operation is that
people tend to use as much water as is available but
experience in solar water systems has shown that
communities remarkably quickly adapt to daily
varying outputs and always allow that margin of
safety.

b) Distribution Svstems

From economic, installation and energy
viewpoint the distribution system should be as simple
as possible. Generally the storage tank should as
close to the well head as possible to reduce
friction loss and extra pumping head. The distribu-
tion system to be a gravity fed tap stand(s)
preferably with push taps.




In areas such as southern Sidamo and the Ogaden
where cattle watering is required, the system
design head has included use of existing storage
tanks. Overflow pipes are then run to the cattle
troughs which are either converted to storage or
have secondary ferrocement tanks constructed beside
them.

The existing distribution systems on the wells
surveyed were quite elaborate but entailed a large
extra cost (both in construction and running costs)
with elevated storage tanks and tap stands in the
village. To illustrate this point, the computer
runs on Wachyga Busha with existing distribution
system and a new '"'on point'" distribution are
considered. The well is situated some 375 metres
north of the village storage tank, an 8 m3 tank
some 7 metre above Ground level. Water is gravity
fed from this elevated tank to 3 tap stands in the
village itself. The difference in system head
between the two alternatives is 20 metres which,
for small pumping systems, represents a great
difference in energy requirements or a substantial
difference in water output for the same energy
input:- in this case 14.73 to 8.73 for fixed arrav
and 19.6 m3 to 11.5 m3® for tracked arrav (70% in
both cases). Solar powered water pumping and
distribution systems should be designed with a
strong bias towards energy efficiency; the input
power of these deep well units should just pump
demand water to the surface with simple on point
distribution and storage systems requiring minimum
energy. It is a reasonable assumption that with

the task ahead of nroviding averyone with 2ccessible
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potable water that the water should be provided
but it is unnecessary, and presently not economic,
to have that water delivered'just outside the front
door" In fact the system at Wachyga Busha has not
worked for some months, due to lack of funds for
\ diesel, and people walk up to 2 - 3 km to collect
water from seasonal wells in the valley. The
philosophy of 1st stage development water supplies
should be to provide a minimum daily quantity of
potable water as an alternative to unreliable,
polluted and distant sources; at a later stage,
as improved health and wellbeing results, conve-
nience of that water is enhanced by introducing
more elaborate distribution systems.

A.4. TRACKING ARRAYS

A series of computer simulations were run for
a number of sites on different forms of tracking to
gauge the effect on output. The runs for Metema
Village No. 1 are included in this section to
illustrate the variability of output for a variety
of tilt angles and manual tracking. The difference
in output between a fixed array, south facing, at
tilt angles of 15%and 20° is negligible although
the month to month variation was smaller for the
15° tilt angle. As any water supply design for
solar must be based on output of the worst month,
a run of 15° tilt with arrav facing the north is
included; this proved inconclusive with a 10%
overall reduction in average water outout, and without
a levelling in the month to month variation.




Double axis tracking give the largest average
output but this is rather cumbersome for the array
size under consideration if it is to be manually
tracked. The most realistic tracking approach is
the horizontal (N - S) axis tracking in which the
array 1is tilted along the N - S axis towards the
east (450 to horizontal) in the morning, flat
around midday (11 am-2 pm) and towards the west
(4S° to horizontal) in the afternoon. (See technical
drawings). -The array is not fixed onto the slab
and is tilted easily by hand.

In the survey summary (Annex II) computer
runs are given for both fixed array (the array is
bolted to the slab) facing south with a 15° Tilt
angle (to the horizontal) and for horizontal
(N - S) axis tracking. The outputs for the
horizontal (N - S) tracking are consistently 30%
and above greater than for fixed arrays and in
economic terms this is a considerable advantage.

In operational terms a fixed array is fixed
by definition and the only requirement is a cleaning
of the array. In the horizontal (N - S) axis
tracking an operator is required to tilt the arravs
once or twice a day, as well as keep the arravs
relatively dust free. Every village or settlement
visited has a water committee which is responsible
for collecting fees (to pay for diesel if a
generator 1s installed), guard the system and to
fairly distribute the water. Potable water is an
essential part of living and as such any svstem
providing such is treated with respect; certainly
the experience of SEI is that we recommend this
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DESIGN PROVIDED BY: ARCO SOLAR EUROPE
. STAND-ALONE SYSTEM DESIGN PROSRAM (PV/WATER PUMP)
(SASY/M Ver 4.2 12/20/85)

CUSTOMER: UNIDO SURVEY DATE: 7DEC86
ADDRESS: ETHIOPIA OPER: DJS

APPLICATION: AC WATER PUMPING

WEWm WMOED SO STme S99 AEGE @SN GTS @SS eMEE G- EEWw @WEmw S B e BB e e  <a

NOTE: VILLAGE NO 1
INSOLATION DATA LOCATION: METEMA ETHIOPIA (User Supplied)

LATITUDE: 12.95 DEG N LONGITUDE: 36.07 DEG E
GROUND REFLECTANCE: .20 (J)

WIRING INFORMATION: 60 FT. (ROUND TRIP) OF 8 GAUGE WIRE

------------ ARRAY=~<=ceecca-o —========PUMP SYSTEM-=======-

TILT ANGLE: 15.0 DEGREES Grundfos SP1-28

MAX. PWR. CURRENT: 12.2 A. 102 VvDC 1500 W XX-4

MAXIMUM POWER: 1486.0 W. COUPLED TO ARRAY @ 105 VOLTS

AS INC M55 3.05 A. @ 17,4 v. AVG. DAILY OUTPUT: 9.1 cu.M
7 (s) X 4 (p) = 28 TOTAL SYSTEM HEAD: 80.0 M.

——-— maw @ @ -

FLAT  PANEL  MEAN AIR RAINFALL AVG.
MONTH LANG  LANG TEMP (C) (AVG. MM) CU.M/DAY
JAN 457 528 26.9 NA 9.5
FEB 514 567 29.6 NA 9.9
MAR 535 557 30.1 NA 9.7
APR 554 547 28.9 NA 9.5
MAY 516 491 28.7 NA 8.6
JUN 484 454 27.8 NA 8.0
JuL 477 452 26.1 NA 8.1
. AUG 414 405 26.0 NA 7.1
SEP 479 489 26.0 NA 8.9
OCT 511 552 27.3 NA 9.9
R NOV 497 567 27.9 NA 10.0
DEC 465 546 27.5 NA 9.7

NOTE: ARRAY TO FACE TRUE SOUTH

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.




DESIGN PROVIDED BY:

ARCO SOLAR EUROPE

STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)
(SASY/M Ver 4.2 12/20/85)

—na P AE RS TR EtE: G Eter AR W WY @ WM WO WWEW WA WU WU W WU W W AW W -

CUSTOMER: UNIDO SURVEY

DATE: 7DEC86

ADDRESS: ETHIOPIA OPER: DJS

APPLICATION: AC WATER PUMPING

NGTE: VILLAGE NO 1

INSOLATION DATA LOCATION: METEMA ETHIOPIA (User Supplied)
LATITUDE: 12.95 DEG N LONGITUDE: 36.07 DEG E

GROUND REFLECTANCE: .20 (J)

e e EEEE EEEE Gl G W AN EE AN WA A M AR TR AR GGl EE AP AP G Gl ey AP SR AR G R SR L R AP AR AR AR et an w Smem s wm e e

WIRING INFORMATION:

TILT ANGLE:

MAX. PWR. CURRENT:

MAXIMUM POWER:

AS INC M55

FLAT

MONTH LANG
JAN 457
FEB 514
MAR 535
APR 554
MAY 516
JUN 484
JUL 477
AUG 414
SEP 479
0CT 511
NOV 497
DEC 465

-y -y -

20.0

PANEL MEAN AIR
LANG TEMP (C)
546 26.9
578 29.6
557 30.1
537 28.9
476 28.7
438 27.8
437 26.1
397 26.C
486 26.0
559 27.3
584 27.9
567 27.5

NOTE:

60 FT.

DEGREES
12.2 A.
1486.0 W.

3.05 A. @ 17.4 V.
7 (s) X 4 (P)

- e ek et GRas Epemer EE A E AR Gt eamam  AEes em -

28 TOTAL

(ROUND TRIP) OF 8 GAUGE WIRE

Grundfos SP1-28

102 vDC 1500 W XX-4
COUPLED TO ARRAY @ 105 VOLTS

AVG. DAILY OUTPUT: 9.0 CU.M
SYSTEM HEAD: 80.0 M.

RAINFALL AVG.

(AVG. MM) CU.M/DAY
NA 9.8
NA 10.0
NA 9.7
NA 9.3
NA 8.4
NA 7.6
NA 7.7
NA 6.8
NA 8.8
NA 10.0
NA 10.3
NA 10.1

ARRAY TO FACE TRUE SOUTH

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT

HPON WFATHER CONDITINNG

- -

RSP A

YA s men
W A AMM AL A AN/AY Shatad NAO ARV L LAYNIYL D .

AND ADEQUACY OF TMSTMATT AMTAN AMT waTumos
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DESIGN FROVIDED BY:

- 33

ARCO SOLAR EUROQOPE
STAND-ALONE. SYSTEM DESIGN PROGRAM (PV/WATER PUMP)

(SASY/M Ver 4.2

CUSTOMER: UNIDO SURVEY

ADDRESS: ETHIOPIA

APPLICATION:

AC WATER PUMPING

12/20/85)
DATE:
OPER: DJS

7DEC86

rErw WM P ErEtEE W . STl EEE W@ UE Wl SrEr e SEEEEE SP AR AE SRR R EREE A EP AR G AR AE e AR AR e wmem - -

NOTE: VILLAGE NO !

INSOLATION DATA LOCATION: METEMA ETHIOPIA

LATITUDE: 12.95 DE
GROUND REFLECTANCE:

WIRING INFORMATION:

TILT ANGLE:
MAX. PWR. CURRENT:
MAXIMUM POWER:

AS INC M55
7 (s) X 4 (P) =
FLAT PANEL
MONTH LANG LANG
JAN 457 386
FEB 514 456
MAR 535 504
APR 554 549
MAY 516 531
JUN 484 507
JUL 477 495
AUG 414 417
SEP 479 462
0CT 511 464
NOV 497 424
DEC 465 383
NOTE:

PERFORMANCE OF SYSTEM AT INSTALLATION SITH WILL VARY NFPENDENT

G N

60 FT.

LONGITUDE:
.20 (J)

15.0 DEGREES

12.2 AO

1486.0 W.

3.05 A. @ 17.4 V.
28 TOTAL

MEAN AIR
TEMP (C)

26.9
29.6
30.1
28.9
28.7
27.8
26.1
26.0
26.0
27.3
27.9
27.5

36.07 DEG E

_________ PUMP SYSTEM
Grundfos SP1-28
1500 W

102 'VvDC

(ROUND TRIP) OF 8 GAUGE WIRE

XX-4

(User Supplied)

COUPLED TO ARRAY @ 105 VOLTS

AVG. DAILY OUTPUT:

SYSTEM HEA

RAINFA
(AVG.

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

ARRAY TO FACE TRUE NORTH

D:

LL
MM)

8.1 CU.M
80.0 M.
AVG.
CU.M/DAY
6.3
7.7
8.8
9.5
9.3
9.0
9.0
7.4
8.4
8.1
7.0
6.2

UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.



DESIGN PROVIDED BY: ARCO SOLAR EUROPE .
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)
(SASY/M Ver 4.2 12/20/85)

e AR @ EEEE NI W @ WEW WEE) WEWEE AW WU W EI T W EC T GE A NS EP NG AR E MR R R e . wm e

CUSTOMER: UNIDO SURVEY DATE: 7DECS86
ADDRESS: ETHIOPIA OPER: DJS

APPLICATION: AC WATER PUMPING

NOTE: VILLAGE NO 1
INSOLATION DATA LOCATION: METEMA ETHIOPIA (User Supplied)

- e -

LATITUDE: 12.95 DEG N LONGITUDE: 36.07 DEG E
GROUND REFLECTANCE: .20 (J)

A m, EGEAREER WMEEAD WM WE W E I W T W) WU WE ! W W S U EE EEE W EEEEEE W T A AR A A AW s o wo

WIRING INFORMATION: 60 FT. (ROUND TRIP) OF 8 GAUGE WIRE

------------ ARRAY--=======con -=~=-=~--PUMP SYSTEM---=------

DOUBLE AXIS TRACKING Grundfos SP1-28

MAX. PWR. CURRENT: 12.2 A. 102 VDC 1500 W XX-4

MAXIMUM POWER: 1486.0 W. COUPLED TO ARRAY @ 105 VOLTS

AS INC M55 3.05 A. @ 17.4 V. AVG. DAILY OUTPUT: 12.6 CU.M
7 (s) X 4 (p) = 28 TOTAL SYSTEM HEAD: 80.0 M.

e Greb e @ EPAE AP AR U W AN G A G EP A} A W W T e R E e .. am ey e s a -

FLAT PANEL MEAN AIR RAINFALL AVG.
MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY
JAN 457 698 26.9 NA 12.9
FEB 514 736 29.6 NA 13.4
MAR 535 716 30.1 NA 13.2
APR 554 713 28.9 NA 13.2
MAY 516 658 28.7 NA 12.5
JUN 484 618 27.8 NA 12.0
JUL 477 605 26.1 NA 11.9
AUG 414 514 26.0 NA 10.1
SEP 479 620 26.0 NA 12.2
oCcT 511 709 27.3 NA 13.3
NOV 497 747 27.9 NA 13.5 ‘

DEC 465 731 27.5 NA 13.2

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT
UPCN WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.
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DESIGN PROVIDED BY: ARCO SOLAR EUROPE
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)

(SASY/M Ver 4.

2 12/20/85)

CUSTOMER: UNIDO SURVEY
ADDRESS: ETHIOPIA

APPLICATION: AC WATER PUMPING

NOTE: VILLAGE NO 1

INSOLATION DATA LOCATION: METEMA ETHIOPIA

LATITUDE: 12.95 DEG N LONGITUDE:
GROUND REFLECTANCE: .20 (J)

DATE: 7DEC86
OPER: DJS

mmer WwEmes wEwwm TEEw e E@Ewa e e e - -

36.07 DEG E

(User Supplied)

WIRING INFORMATION: 60 FT. (ROUND TRIP) OF 8 GAUGE WIRE

HORIZONTAL (N-S) AXIS TRACKING
MAX. PWR. CURRENT: 12.2 A.
MAXIMUM POWER: 1486.0 Ww.

AS INC MSS 3.05 A. @ 17.4 V. AVG. DAILY OUTPUT:
7 (s) X 4 (P) = 28 TOTAL SYSTEM HEAD:
---------- SYSTEM DESIGN ANALYSIS=-====n--=
FLAT PANEL MEAN AIR RAINFALL
MONTH LANG LANG TEMP (C) (AVG. MM)
JAN 457 611 26.9 NA
FEB 514 686 29.6 NA
MAR 535 702 30.1 NA
APR 554 711 28.9 NA
MAY 516 649 28.7 NA
JUN 484 602 27.8 NA
JUL 477 593 26.1 NA
AUG 414 512 26.0 NA
SEP 479 615 26.0 NA
0CT 511 675 27.3 NA
NOV 497 666 27.9 NA
DEC 465 624 27.5 NA

Grundfos SP1-28

102 VvbC 1500 W XX-4
COUFLED TO ARRAY @ 105 VOLTS

AVG.

12.2 CU.M
M.

80.0

CU.M/DAY

11.
12.
13.
13.
12.
1.
1.
10.
12.
12.
12.
11.

O WO = O~ 00

NOTE: TRACKER LIMIT ANGLE IS 30.0 DEGREES FROM THE VERTICAL POSITION.

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.
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DESIGN PROVIDED BY: ARCO SOLAR EUROPE
STAND~-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)
(SASY/M Ver 4.2 12/23/85)
CUSTOMER: UNIDO SURVEY DATE: 7DEC86
ADDRESS: ETHIOPIA OPER: DJS

APPLICATION: AC WATER PUMPING

NOTE: VILLAGE NO 1
INSOLATION DATA LOCATION: METEMA ETHIOPIA (User Supplied)

LATITUDE: 12.95 DEG N LONGITUDE: 36.07 DEG E
GROUND REFLECTANCE: .20 (J)

WIRING INFORMATION: 60 FT. (ROUND TRIP) JF 8 GAUGE WIRE

------------ ARRAY--—=====—--= ——we=-=—-PUMP SYSTEM------~--

HORIZONTAL (N-S) AXIS TRACKING Grundfos SP1-28

MAX. PWR. CURRENT: 12.2 A. 102 VDC 150C °~ XX-4

MAXIMUM POWER: 1486.0 W. COUPLED TO AR. .Y @ 105 VOLTS

AS INC M55 3.05 A. @ 17.4 V. AVG. DAILY OUTPUT: 11.9 CU.M
7 (S) X 4 (p) = 28 TOTAL SYSTEM HEAD: 80.0 M.

FLAT PANEL MEAN AIR RAINFALL AVG.

MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY
JAN 457 601 26.9 NA 11.4
FEB 514 674 29.6 Na 12.5
MAR 535 691 30.1 NA 12.8
APR 554 701 28.9 NA 13.0
MAY 516 642 28.7 NA 12.2
JUN 484 597 27.8 N: 11.5
JuL 477 588 26.1 NA 11.5
AUG 414 507 26.0 NA 9.9
SEP 479 607 26.0 NA 11.9
oCT 511 664 27.3 NA 12.6
NOV 497 654 27.9 NA 12.3
DEC 465 613 27.5 NA 11.4

NOTE: TRACKER LIMIT ANGLE IS 45.0 DEGREES FROM THE VERTICAL POSITION.

PERFORMANCE OF SYSTEM AT INSTALLATION STTE WILL VARY DEPENDENT
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.
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tracking approach. The community becomes involved
in running it's own water system and as there are
no technical skills required everyone can partici-
pate in maximising water output.

In terms of security the tracking approach
has it's drawbacks in that the array is not bolted
to a slab. However, a chain loosely run between
the support stands, and anchored to the slab,
coupled with a mesh fence (a requirement even for
a fixed array) and a guard (which all systems have
anyway) minimises this problem. For some sample
tracking options refer to the drawing attached at
the end of this section.

A.5. SYSTEM INSTALLED COSTS

Typical cost for a system with 60 metre T.D.H.
producing 20m3 water/day at a new well site in
remote area e.g. Gambela district.

Exchange rate US$§ 1 = 2.07 Birr.

1. P.V. pumping system (modules, stands, USS 14511.95
cables, inverter, pump)

2. Sea freight, insurance to Asab Us$S 1000.00
(estimate only - this will depend on

quantity)

3. Transport Asab - Jima 1500 Birr.




4. Transport of pumping
system, cement, reinforcement
steel, mesh and pipe work
1 no 10 tonne E.W.W.C.A.
truck. Jima 800 Birr
- Gambella (roundtrip)

5. Construction of base slab 2000
10m x 2.2m x 0.10m with
mesh reinforcement.

6. Construction of 25m3 10982 "
ferrocement tank using
local labour and sand
(community contribution)

7. Pipework (2" dia) for system 1700 "
of 60m head including drop
pipe, gate valves, bends
and 8 fawcett distribution
point

8. Skilled mason for 1 month 600 "
including field allowance
to supervise tank construc-
tion.

9. E.W.W.C.A. pumn installa- 1200
tion team to wire array
install pump

10. Erection of fence around 2700
array 25m x 15m x 1.5m high
of 50mm x 50mm mesh
including gate.

c/f c/f




11. Erection of guard house 1200 Birr.
including mounting of
. pump and inverter
Total: 22682 Birr. US$ 15311.95
Total cost: $ 15311.95 foreign component
$ 10957.48 local component
Total system: $ 26269.44
Or $ 17.7/Wp complete system with
25m3 storage tank and
on point distribution
system.
Note: The P.V. pumping system c.i.f. cost Ethiopia

is § 10.30/Wp. The balance of § 7.4/Wp for
installation costs (or $ 10957.48) of P.V.
pump is not that much greater than for diesel
pump installation and is of the order of

20%. The major additional cost for p.v.

installation is a mesh fence.
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B. VACCINE REFRIGERATION

B.1. BACKGROUND AND JUSTIFICATION

EPI Programme

The cold chain in Ethiopia is limited at present
to the areas of high population density due to
institutional and financial restraints; However, the
government is committed to extend the EPI project
countrywide. A feature of most settlements is a
health post staffed by dedicated workers who provide
nutritional training, administer basic health care
and provide some drugs. Any immunisation programme
in the remote areas are executed by outreach program-
mes from the main centres. For example, the
settlements at Abobo and Ubala, some 80 - 100 km

" south of Gambela are servedbv an outreach programme
based at Gambela hospital. The nrogramme 1is
severely hampered by lack of vehicles which makes
scheduled visits irregular with the end result an
inadequate programme. The government are well
aware of this and the main thrust of their program-
me is to extend the cold chain into the rural
areas where vaccine deliveries can be independent
of 1mmunisatiocn schedules.

The Ministry of Health has standardised on
kerosene refrigerators to facilitate training
and maintenance programmes but they are aware of
the limitations of kerosene refrigerators even
though they are relatively inexpensive. Reliability,
operation and maintenance costs and initial capital
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costs are the criteria, in order of importance,

for any cold chain. WHO and World Bank surveys
have shown that from 15 - 50% of the time, kerosene
refrigerators are not operating. This down time
has implications not only for the direct financial
implications of a batch of vaccine rendered inviable
(at § 19/litre this can be substantial) but also
for the credibility of any vaccination programme.
Ineffective vaccinations resulting in people
contracting the disease will lose the trust of
communities. The supply and quality of kerosene,
availability of spares and the difficulties of
maintenance greatly affects kerosene operation.

The supply of fuel is the most critical both in
terms of delivery and avaibilibility the community
may not have sufficient cash flow year round to
purchase, or, if supplied from regional centres,
the usual end of month and end of budgetarv cvcle
constraints make funds frequently scarce.

INTRODUCING SOLAR VACCINE REFRIGERATORS

In 1983, the Ministry of Health together with
WHO approached SIDA for financing a pilot project
for a number of easily accessible sites, in different
climatic conditions of the country, for evaluation
of this technology. At this stage, there were very
few proven systems available, what was available was expensive,
and perhaps more importantly it was the responsibilityv
of the supplier to separately aquire system components
which made warrantv claims impossible. The project
was not funded. However,with the present state of

the art there are many proven cheaper systems with
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warranties of 5 - 7 years which make the tfinancial
implications more attractive coupled with proven
use and comprehensive EPI evaluations. Perhaps

the most significant report is the UNDP/World Bank
study in the Gambala in 1985 ("Pre-investment report
on solar photovoltaic applications in the health and
telecommunications sectors') financed by WHO. The
summary of life cycle costs suggest that PV is
slightly cheaper ($ 0.53/dose of vaccine) than
kerosene refrigeration ($ 0.62/dose of vaccine)

when all the costs, capital, installation and O&M
costs are considered. For annualised costs, PV
costs vary between.§ 0.80 and $§ 1.00 per month per
litre of refrigeration capacity, about the same

for kerosene refrigeration.

THE PV REFRIGERATOR

The real advantages of the PV refrigerator
is that the fuel supply problem is eliminated and
that demands on operating budgets for the purchase
of fuel is removed. In some areas, of course,
kerosene will alwavs be readilvy available. The
units require very little maintenance most of which
is related to defrosting and temperature controls
(as with kerosene); monthly checks of battery
levels (if non sealed type) and cleaning the
array. The units use equipment standard to all
household a.c. fridges whose realiability 1is well
demonstrated with a life span of at least 10 vears.
Training of operators is considerably easier than
with kerosene refrigerators whose burner, flue and
wick must be serviced each week to ensure

reasonable operation.
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The performance of PV systems is principally
affected by the initial sizing of the array and
battery bank; typically 3 - 5 days of battery
back up is provided. In the event of array mal-
function this allows time to either repair the fault
or move vaccines to another location.

Operating availability of PV systems is
significantly higher than for kerosene - fueled
systems with only 1 - 5% of the time as 'downtime'
compared to kerosene system avaibality of 15 - 50%.
The financial implications of wasted vaccine is of
prime importance to limited budgets.

B.4. THE PILOT PROJECT

Six sites were selected in the 1983 proposal
and these same sites will be used. They represent
the diverse climatic conditions of Ethiopia but
are in locations which are easily accessible to EPI
staff for evaluation, monitoring and training. This
is a realistic approach in terms of introducing this
technology.

The sites are
ADDIS ABABA

- [JAJI - 175 Km W. of Addis
BUTAJIRA - 210 Km S.W. of Addis

. EFFESON - 270 Km N. F. of Addis
AWAS A - 310 Km S. of Addis
ASAB

See attached site plans and arrayv locations
for all sites except Asab.
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PROJECT INPUTS

The project is aimed at evaluation, monitoring
and training in a new technology and the sites
choosen are in areas where there is electricity
supply, easy access but with a variety of climatic
conditions. In these areas it is the experience of
operation and training that is essential and other
facilities can be used to store the larger number of
vaccines that will be required. The equipment should
represent the complete versatility of the technology
and will include a 40 - 50 vaccine storage capacity
as well as ice making facility. This latter
component is important for outreach programmes where
the health worker on a bicycle and with a cold box
can service several neighbouring settlements.

Refer to cost estimates for pilot project,
including installation, for breakdown of government
and UNIDO contributions. For full specifications
and terms of tender refer to the draft terms of
reference, section 3.2,vaccine refrigerator pilot

project.
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B.6. COST ESTIMATES FOR SOLAR VACCINE REFRIGERATOR PILOT PROJECT
Us$ BIRR.

1. Supply of 6 No. Solar powered
vaccine refrigerators with 40-50 litre
storage capacity, ice making
facility and complete with adequate
sized solar array.stand and
battery storage bank for up to 5 days
"no sun" conditions. $ 24,000

2. 10% spares package consisting of
1 compressor unit, 2 solar modules,
repair kits, batteries (to
manufacturer's recommendations) $§ 2,400

Transport to Assab - estimate
seafreight. $ 3,000

(92

4, Manufacturer5 engineer to install
fridges and train EPI technicians,
three weeks plus airfare. $§ 7,000

Array stand foundations - to be

194 ]

specified by manufacturer
(assume 1.0m3 reconcrete/staund)6m3 5,600

6. Fencing for each stand - 1.5m high
- 200m x 200m mesh supported by
steel posts set in concrete with

gate, including labour. 4,900
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7. Transport of materials, solar
equipment and installation teanm. 2,500
Total: $ 36,400 11,000 Birr.
+ Contingencies 10% $ 40,400 12,100 Birr.

UNIDO contribution §$ 40,400

Govt. contribution 12,100 Birr.

Note: 1. Transport of manufacturers representative
to be provided by EPI.

2. Manufacturer to advise beforehand
specifications for array stand
foundation so that this is ready on
arrival.
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butajira

XP/ETH/B86/ 038

location of sites for EPI solar vaccine

refrigerator pilot project

december 1986 j goodman
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SOLAR POWERED LIGHTING FOR SCHOOLS AND BASIC

DEVELOPMENT EDUCATION CENTRES

As outlined in the project, introducing
solar powered lighting into the primary schools
and Basic Development Education Centres will
considerably extend the daily use of these units.
Adult literacy classes and reading rooms in the
evening will provide the government the means and
the community the ability to actively engage in
development education. These simple 12 volt direct
current systems are a convenient tool.

P.V. LIGHTING SYSTEM

Experience has shown that the smaller the
system the better.with a modular approach which can
directly respond to budget constraints. The one
module/one battery per school or reading room,
rather than the large array/large battery storage
and distribution system, approach is preferred.

Any malfunction of a smaller system is isolated to
that particular system and, from an implementation
viewpoint, as money comes available more units

can be installed in the same village centre.

MODULE SITING, INSTALLATION AND SYSTEM DESCRIPTION

The module is fixed on a bracket 3-4 metres
above ground on a 4" G.I. pipe, one end of which is
embedded in concrete. The pipe is as close to the
school office of BEDC office or store as possible.
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This 'stand alone' mounting rather than roof
mounting is to avoid installation snags where the
roof ridge does not run E-W and trying to position
the module facing true south is difficult. The
battery and charge controller are placed either in
the office or store of the school or BEDC depending
on which wall is more south facing. The battery
should be placed in a box to avoid tampering. The
controller is mounted on the wall. The wire from
the module runs to controller and hence to battery;
wiring to lights runs along the top of the wall and
then to the middle of each of the 3 trusses of the
BDEC (and to the 3 trusses nearest the office/store
of the primary school) where the 13 watt flourescent
lights are positioned. Switches for these lights
are located by the door. The 13 watt flourescent
lights give an equivalent of about 5 times an
incandescent bulb i.e. the same as a 60 watt bulb.

MODULE SIZING AND LOAD FACTOR

Once the lighting requirement and the number
of hours of operation per day,on average, is
decided upon, the daily load can be calculated;

No. of amps per - lamp x no. of lamps

x no. of hours = daily load in ampere hours.

The current drain of the lights is calculated
by dividing the wattage by 12. Once the daily load
is known then refer to the system design analysis
computer printouts and in particular to the average
AH/day output of the module specified. There 1is a




range of monthly outputs and any sizing must
consider the lowest monthly output which for

* Asosa, Gambella and Metema falls in Augugt. If
systems output and system input match for this
month then in all other months there will be a
surplus enegy maintaining the battery at a high
state of charge, a desirable feature.

C.4. MODULE OUTPUT ANALYSIS FOR GAMBELLA, ASOSA AND METEMA

The three module types chosen for the computer
runs are fairly representative of the available
market range:

ARCO M55 55 watt module 5.05 Amps at 17.4V
ARCO M65 42.1 watt module 2.90 Amps at 14.5V
ARCO M75 47 watt module 2.94 Amps at 16.0V

Note that the M65 module has a maximum voltage of
14.5 volts which is ideal for charging 12 volt
batteries without the need for a charge controller.
This "self regulating" characteristic as it is called
1s generally an option in the product range of most
module manufacturers; it has lower daily output.
However, it is advisable to have a low vecltage

cut out with the self regulating mecdules to avoid
deep discharging the batterv.

Worst month outputs in AH (ampere hours) are:

Metema Gambella Asosa
12.6 9.4 10.0
10.2 8.0 8.9

12.0 9.1 9.7
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DESIGN FROQVIDED BY: Solar Electric International
STAND-ALGNE SYSTEM DESIGN FROGRAM (PV/BATTERY:

(SASY/E Ver S.0 6/20/35}
CUSTOMER: UNIDO SURVEY DATE: 11th December i1i73&
DDRESS: ETHIOGFIA OPER: J GOOGDMAN
APFLICATION: INDUSTRIAL D.C.
INSOLATION DATA LOCATION: AS0SA (User Suppiied:
L &TITUDE: 10.04 DEG N LONGITUDE: 324.31 DEG E
SROUND REFLECTANCE: 220
SYSTEM VOLTAGE: 12 V.D.C.
aVvG. LOAD: 1 AH/DAY (nighttime)

—————————— SELECTED SYSTEM DATA-—————=———-

VOLTAGE L0OSS: <9 V. THROUGH CABLE..

o ARRAY BATTERY—-———————
TILT ANGLE: 15.0 DEGREES DAYS OF AUTONOMY: il. &
MAax. FWR. CURRENT: 2.9 A. MINIMUM BATT. TEMF. @ 17.4 .

Moy IMUM POWER: 47.0 W. TOTAL STORAGE: 20z, AH
a5 INC M7S 2.94 A. & 16.0 V. GNB ABSOLYTE 2SR = N, 202 &AH
i (8} X 1 (P) = i TOTAL 6 (5) X 1 (F) = s TOTRL
SYSTEM DESIGN ANALYSIS
(BASED ON 90 % OF RATED QUTFPUT)
FLAT FAMEL -AVG. AH/DAY- END OF MONTH
MONTH LANG LANG OUTPUT LOAD CAFPACITY
JAN 481 547 15.8 1.0 106,38 %
FEB 497 836 15.S 1.0 100,00 %
MAR 441 454 13.4 1.0 100, 0 %
“aPR S33 S23 15.1 1.0 LoO.o %
MAY 441 470 12.5 1.0 100, 0 %
JUN R 71 11.1 1.0 100,90 %
JuUL 279 361 10.8 1.0 1000 %
AUG 331 Tz4 Q.7 1.0 100,00 %
SEF 444 449 13.5 1.0 10,0 K
ocT 4461 450 14.6 1.0 10O A
NOV 444 4c9 14.8 1.0 100,00 %
DEC 442 S09 ' 14.9 1.0 LOs. o %

NOTE: ARRAY TO FACE TRUE SDOUTH

FERFORMANCE OF SYSTEM AT INSTALLATICON SITE WILL VARY DEFENDENT
iIFON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION ARND FALWGTLMANDTE .




DESIGN FROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (FV/BATTERY:

(SASY/B Ver 5.0 &/720/86)
. CUSTOMER: UNIDO SURVEY DATE: 11ith December 1%5&
ALCDRESS: ETHIOPIA ) OrPER: J GOODMAN

AFFLICATION: - INDUSTRIAL D.C.

INSOLATION DATA LOCATION: ASOSA (User Supplied:

LATITUDE: 10.04 DEG N  LONGITUDE: 34.31 DEG E

GROUND REFLECTANCE: .20 (J)

SYSTEM VOLTABE: 12 V.D.C.

AVG. LOAD: 1 AH/DAY (nighttime)

----------- SELECTED SYSTEM DATA-————————m

UOLTAGE LOSS: .5 V. THROUGH CABLE.

- ARRAY BATTERY -
TILT ANGLE: 15.0 DEGREES DAYS OF AUTONOMY: 161. 6
MAX. FPWR. CURRENT: 2.9 A. MINIMUM BATT. TEMF. @ :9.4 C.
MEXIMUM POWER: 42.1 W. TOTAL STORAGE: Z0Z.0 AH
45 INC M&S 2.90 A. @ 14.5 V. GNB ABSOLYTE 35A9 2, 20T AH
LS X 1 (P = 1 TOTAL 6 (S) X 1 (P) = & TOTAL

SYSTEM DESIGN ANALYSIS
(BASED ON 90 % OF RATED QUTPUT)

FLAT FANEL -AVG. AH/DAY- END OF MONTH
MONTH LANG LANG QUTPUT LOAD CAPACITY
JAN 481 547 12.6 1.0 100.0 %
FEB 493 536 12.3 1.0 100.0 %
MAR 441 454 11.1 1.0 100.0 %
APR 333 923 12.1 1.0 100,00 7
May 441 420 10.8 1.0 1GG. O %
JUN 93 371 9.9 1.0 100,0 %
JubL 37 361 9.7 1.3 100.0 %
&UG 331 324 8.9 1.0 100,90 %
. 3EF 444 449 11.7 1.0 100.0 %
OcT 461 450 12.4 1.0 100.0 %
NOV 446 499 12.3 1.0 1G0.0 %
. DEC 442 S0% 12.1 1.0 100.0 %

NOTE: ARRAY TO FACE TRUE SOUTH

FERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEFENMLENT
UFPON WEATHER CONDITIOMS AND ADERUACY OF INSTALLATION AMD MAINTENGMUE.
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DESIGN PROVIDED RY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/BATTERY)

(SASY/B Ver 5.0 6/20/86:
CUSTOMER: UNIDO SURVEY . DATE: 11th December 1986
ADDRESS: ETHIOFPIA OPER: J GOODMAN

AFPLICATION: INDUSTRIAL D.C.

INSOLATION DATA LOCATION: ASOSA {(User Supplied:

LATITUDE: 10.04 DEG N LONGITUDE: 34.31 DEG E
GROUND REFLECTANCE: .20 (J)

SYSTEM VOLTAGE: 12 V.D.C.
AVG. . LOAD: 1 AH/DAY (nighttime)

SELECTED SYSTEM DATA-——-—-————-

VOLTAGE L0OSS5: .5 V. THROUGH CABLE.

ARRAY BATTERY~-
TILT ANGLE: 15.0 DEGREES DAYS OF AUTONOMY: i&61.6
MAX. PWR. CURRENT: 3.1 A. MINIMUM BATT. TEMF., & 12.4 C.
MAXIMUM FOWER: S3.1 W. ' TOTAL STORAGE: SEOT A
AS INC MSS 3.05 A. @ 17.4 V. GNB ABSOLYTE 3547 Z YV, 202 AH
() X 1 (F) = 1 TOTAL 6 (S) X 1 (F: = A5 TOTAL
y
SYSTEM DESIGN ANALYSIS
(BASED ON 90 7% OF RATED OUTPUT)
FLAT FANEL -AVG. AH/DAY-~- END OF MONTH
MONTH LANG LANG CUTPUT LOAD CAPACITY
JAN 481 S47 . 17.1 1.0 100.0 %
FEB 493 536 16.8 1.0 100.0 %
MAR 441 454 14,2 1.0 100.0 %
AFR 533 G523 16.3 1.0 100.0 %
MAY 441 420 13.0 1.0 100,00 %
JIIN 393 371 11.4 1.0 150.0 %
JuL 79 J61 11.1 1.0 1O¢.G %
AUG I3 324 10.0 1.0 1OO.O %
SEP 444 449 i4.0 1.0 100,40 %
OCT 461 490 15.4 1.0 1OG.0 %
NOV 444 499 1S5.7 1.0 TO0. 00 %
DEC 442 S09 1S.7 1.0 LOC. % .

MOTE: ARRAY TO FACE TRUE SOUTH

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEFENDENT
UFON WEATHER CONDITIONS AND ADERQUACY OF INSTALLATION AND MelbTENGNCE.
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DESIGN FROVIDED BY: Sclar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (FV/BATTERTY:

(SASY/E Ver S.0 6/20/86)
CUSTOMER: UNIDO SURVEY DATE: 11th December %&b
ADDRESS: ETHIORIA . OFER: J GOODMAN

AFPLICATION: INDUSTRIAL D.C.

INSOLATION DATA LOCATION: GAMBELA (User Supplied:

LATITUDE: B8.25 DEG N LONGITUDE: 34.58 DEG E
GROUND REFLECTANCE: .20 (I)

SYSTEM VOLTAGE: 12 Vv.D.C.
AVG. LOAD: 1 AH/DAY (nighttime)

VOLTAGE LOSS: .5 V. THROUGH CABLE.

- ARRAY BATTERY——==————————
TILT ANGLE: 15. 0 DEGREES DAYS OF AUTONOMY: i61.5
MAX. PWR. CURRENT: 2.9 A. MINIMUM BATT. TEMF. @ 24.1 C.

MAX IMUM FOWER: 42.1 W. TOTAL STORAGE: 202.0 AH
A5 INC M&S 2.90 . @ 14,5 V. GNB ABSOLYTE 3I5AY 2 YV, 202 &R
i\ X 1 P = 1 TOTAL & (8) X 1t (P = : S TOTAL

, SYSTEM DESIGN ANALYSIS
(BASED ON Q0 % OF RATED QUTPUT)

FLAT FPANEL -AVG. AH/DAY- END OF MONTH
MONTH LANG LANCG QUTPUT LOAD CAPACITY
JAN 4468 S2 11.1 1.0 100,.0 %
FEB 474 S11 10.9 1.0 100.0 %
MAR 448 459 10.2 1.0 100.0 %
AFR 486 475 10.6 1.0 100,40 %
MAay 796 379 P33 1.0 100,00 %
JUN 380 398 .0 1.0 1oo.0 %
JUL 270 391 F.0 1.0 153G, %
AUG 14 307 8.0 1.0 10000 %
SEF 407 410 10.2 1.0 10,0 %
oCcT 439 454 10.9 1.0 100.0 %
NOV 440 488 i1.4 1.0 160,00 %
DEC 4535 519 ’ 11.4 1.0 106000 %

NOTE: ARRAY TO FACE TRUE SOJTH

FERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL YARY DEFENDEMT
UFON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATIOMN AN M iNTEMANMCE.
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DESIGN PROVIDED EY: GSolar Electric Iﬁternational
STAND-ALONE SYSTEM DESIGN FPROGRAM (FV/BATTERY.

(SASY/B Ver S.0 &/20/88)
CUSTOMER: UNIDO SURVEY DATE: 1lth December 136&
ADDRESS: ETHIOPIA OPER: J GOODMAN b

aFPLICATION: INDUSTRIAL' D.C.

INSOLATION DATA LOCATION: GAMEELA {(User Supplied:

L.ATITUDE: B8.25 DEB N LONGITUDE: 34.58 DEG E
GROUND REFLECTANCE: .20 (J)

SYSTEM VOLTAGE: 12 V.D.C.
AVG. LOAD: 1 AH/DAY (nighttime)

———

---------- SELECTED SYSTEM DATA

JOLTAGE LOSS: .5 V. THROUGH CABLE.

ARRAY BATTERY—~——————————
TILT ANGLE: 15.0 DEGREES DAYS OF AUTONOMY: 161.6
MAX. PWR. CURRENT: 2.9 A. MINIMUM BATT. TEMF. @ 26.1 C.
MAXIMUM POWER: 47.0 W. TOTAL STORAGE: 20Z2.0 £H
~S INC M75 2.94 A, @ 16.0 V. . GNB ABSOLYTE 359 2 Y, 202 AH
1 (8 X 1 (P) = 1 TOTAL & (8 X 1 (F) = o 10TAL

SYSTEM DESIGN ANALYSIS
{BASED ON 90 % QF RATED OUTPUT)

FLAT FANEL -AVG. AH/DAY- END OF MONTH
MONTH LANG LANG . OQUTPUT LOAD CAFACITY
JAN 4468 527 14.8 1.0 100.0 %
FEB 474 911 14.4 1.0 100,00 %
MAR 448 459 13.2 1.0 100,90 %
APKR 4864 473 13.6 1.0 1GG.0 %
MAY 98 379 11.1 1.0 100,00 %
JUN =89 358 10.5 1.0 Lo, o %
JuL 270 351 10.4 1.0 100,90 %
AUG 314 207 9.1 1.0 1.0 %
SEF 407 410 12.1 1.0 100.0 %
GCcT 4379 4464 13.6 1.0 100.0 %
NOV 440 488 14,2 1.0 100.0 %
DEC 455 S19 ~14.8 1.0 100.0 %

NOTE: ARRAY TO FACE TRUE S0UTH

FERFORMANCE OF SYSTEM AT INSTALLATION SIfE WILL VARY DEFENDENT
UrON WEATHER COMDITIONS AND ADERUACY OF INSTALLATION AMD Pielind laavcE: .
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DESIGN PROVIDED BRY: Solar Electric International
STAND~-ALCNE SVSTEM DESIGN PROGRAM (PV/EBATTERY)

{SASY/E Ver 5.0 &6/20/86)
CUSTOMER: UNIDO SURVEY ' DATE: 11th December 19ts
ADDRESS: ETHIOFIA A OFPER: J GOODMAN

AFFLICATION: INDUSTRIAL D.C.

INSDLATION DATA LOCATION: GAMBELA (User Suppi.ied!

L.3TITUDE: B.25 DEG N LONGITUDE: 34.58 DEG E
GROUND REFLECTANCE: .20 (J)

SYSTEM VOLTAGE: 12 V.D.C.
AavG. LOAD: 1 AH/DAY (nighttime)

VOLTAGBE LOSS: .S V. THROUGH CABLE.

- ARRAY BATTERY—————— ==
1T ANGLE: 15.0 DEGREES DAYS OF AUTONOMY: loi.e
X, PWR. CURRENT: 3.1 A. MINIMUM BATT. TEMF., & 2&.1 C.
PiGXIMUM POWER: S3.1 W, TOTAL STORAGE: 202,00 fH
A3 INC MS5 3.03 A. @ 17.4 V., GNB ABSOLYTE ISA9 <V,

1 (8 X 1.(P) = 1 TOTAL & 8y X 1 (P =

SYSTEM DESIGN ANALYSIS
{BASED ON 90 % OF RATED OUTRUT)

FLAT FANEL -AVG. AH/DAY- END OF MONTH

MONTH LANG LANG QUTPUT LOAD CAPACITY
JAN 468 527 . 16.4 1.0 100,30 %
FEB 474 511 15.9 1.0 1000 %
M&R 448 459 14.3 1.0 100,00 %
APR 486 475 14.8 1.0 > A
MAY 398 79 11.7 1.0 "
JUN 380 358 11.0 1.0 100,90 %
Jub 370 351 10.8 1.0 10000 %
AUG 314 307 9.4 1.0 100.0 %
SEF 407 410 12.8 1.0 10G.0 %
GCT 4329 4464 14.5 1.0 100,00 %
NOV 440 488 1S.3 1.6 10G.0 5
DEC 455 S19 C16.2 1.0 1Q0,.0 %

NOTE: ARRAY TO FACE TRUE SOUTH

FERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL YVARY DEPENDENT
UFON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATIGN ARNTy I TRTE Sn
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DESIGN FPROVIDED BY: Solar Electric Interrnational
STAND-AI.ONE SYSTEM DESIGN FROGRAM (PV/BRATTERY?

(SASY/E Ver 5.0 b/20/86)
CUSTOMER: UNIDO SURVEY o DATE: 11th Decemoer 178& -
ADDRESS: ETHIOFIA ) grPER: J GOODMAN

AFFLICATION: INDUSTRIAL D.C.

_INSOLATION DATA LOCATION: METEMA (User Supplied:?

LATITUDE: 12.95 DEG N LONGITUDE: 36.07 DEG E
GROUND REFLECTANCE: .20 (J)

SYSTEM VOLTAGE: 12 V.D.C.
AVG. LOAD: 1 AH/DAY (nighttime)

VOLTAGE LOSS: .5 V. THROUGH CABLE.

ARRAY BATTERY -
TILT ANGLE: 15.0 DEGREES DAYS OF AUTONORMY: 1&61.6
MAX. PWR. CURRENT: 3.1 A, MINIMUM BATT. TEMF @& 25.95 C.
~MAX IMUM POWER: S3.1 W. TOTAL STORAGE: 202.0 AaH
&5 INC MSS 3.05 A. @ 17.4 V., GNB ABSOLYTE 332/% Z M, Z20Z Al
i (S X 1 (P = 1 TOTAL &6 (S X 1 (F) = & TOVEL
SYSTEM DESIGN ANALYSIS
(BASED ON 90 % OF RATED QUTFUT
FLAT FPANEL -AVG. AH/DAY- END OF MONTH
MONTH LANG LANG OQUTPFUT LOAD CAPACITY
JAN 457 S2 16.4 1.0 100,00 %
FEB S14 D66 17.5 1.0 100.0
MAR 935 S57 17.2 1.0 100.0 %
APR S54 S48 16.9 1.0 100,00 %
MAY Sié 457 1.2 1.0 SLELE R RS
JUN 494 455 14.4 1.7 1o, %
Jub 477 453 14.1 1.0 100,30 %
AUG 414 4046 12.6 1.0 100.0 %
SEF 479 459 195.32 1.0 100G.0 %
ocT 511 bt 17.2 1.0 OG0 %
NOV 497 S66 17.5 1.0 100, 0 %
DEC 4565 548 - 16.9 1.0 100,30 Y *

NOTE: ARRAY TO FACE TRUE SOUTH

FERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY CDEPEWNDEMT
UFON WEATHER CONDITIONS AND ADEGQUACY OF INSTALLATION AMD #Malb iEriaiick,




DESIGN FROVIDED EY: Solar Electric International
STAND-ALONE SYSTEM DESIGN FROGRAM (PV/BATTERY:

(SASY/B Ver 5.0 b&/720/86)
- CUSTOMER: UNIDO SURVEY DATE: 11th December 1%8&
ADDRESS: ETHIOPIA OFER: J GOODMAN

APFLICATION: INDUSTRIAL D.C.

INSOLATION DATA LOCATION: METEMA (User Supplied!

LATITUDE: 12.95 DEG N LONGITUDE: 36.07 DEG E
GROUND REFLECTANCE: .20 (J)

SYSTEM VOLTABE: 12 V.D.C.
AVG. LOAD: 1 AH/DAY (nighttime)

——— - e — e —— - G- e ———

vOLTAGE LOSS: .5 V. THROUGH CAELE.

ARRAY BATTERY——————————=—=
TILT ANGLE: 15.0 DEGREES DAYS OF AUTONORY: 181.6
MAX. FPWR. CURRENT: 2.9 A. MINIMUM BATT. TEMP. @ 2S5.93 C.
ri&X. IMUM FOWER: 42.1 W. TOTAL STORAGE: 202,90 i
mS INC M6S 2.90 A. @ 14.5 V. GNB ABSOLYTE I5A% 2 %, 208 oH
1 (8 X 1 (F) = 1 TOTAL 6 (8) X 1 (P = s TIine

SYSTEM DESIGN ANALYSIS
(BASED ON 20 % OF RATED OQUTPUT)

FLAT FANEL -AVG. AH/DAY- END OF MONTH
MONTH LANG LANG OQUTPUT L.OAD CAFACITY
JAN 457 527 11.4 1.0 100,00 %
FEEB S14 S&6 11.3 1.0 100.0 %
MAR 539 S57 11.2 d.0 100,00 4
AFFR =T S43 11.0 1.9 100.0 %
MY S1é6 497 10.5 1.0 0000
JUN 494 4465 ) 10.6 1.0 L0000 %
JUL 477 453 11.0 1.0 LT, A
. AUG 414 416 10.2 1.0 100,90 %
SEP 479 489 11.6 1.0 100,03 %
ocT St SS1 12.0 1.0 LO0. O %
NOV 457 S6é6 11.8 1.0 100,00 %
’ DEC 4865 349 : 11.4 1.0 100,00 %

NOTE: ARRAY TO FACE TRUE SOUTH

FPERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL YARY DEFEMDENT
UFPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND FaIMTERARCE.




DESIGN FROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN FROGRAM (FV/BATTERY:

(SASY/B Ver 5.0Q &6/20/86)
CUSTOMER: UNIDO SURVEY - DATE: 11th December 15Z6 b
ADDRESS: ETHIOPIA _ OFER: J GOODMaAN

AFFLICATION: INDUSTRIAL D.C.

INSOLATION DATA LOCATION: METEMA {(Uzser Suppl:ied!

LATITUDE: 12.95 DEG N LONGITUDE: T¢€.Q7 DEG E
SROUND REFLECTANCE: .20 (J)

SYSTEM VOLTAGE: 12 V.D.C.
AVG. LOAD: 1 AH/DAY (nighttime)

VOLTAGE LDOSG: .5 V. THROUGH CABLE.

ARRAY BATTERY
TILT ANGLE: 15.0 DEGREES DAYS OF AUTONOMY: 161.6
MAX. PWR. CURRENT: 2.9 A. MINIMUM BATT. TEMF. & 25.95 C.
MAY IMUM POWER: 47.0 W. TOTAL STORAGE: 2OT.0 AH
A3 INC M7S 2.94 A. @ 16.0 V. GNB ABSOLYTE 3I3A9 208, 200 &
1 4{8) X 1 (P = 1 TOTAL b (8) X 1 (7)) = & TOTAL
SYSTEM JESIGN ANALYSIS
{BASED ON 90 % OF RATED OQUTPUT;
FLAT FANEL -AVG. AH/DAY- END OF MONTH
MONTH LANG LANG QUTPUT LOAD CAFACITY
JAN 457 S27 14.9 1.0 100.0 %
FEB S14 S&b 15.4 1.0 i00.0 %
MAR 535 5357 T.2 1.0 100,00 %
AFF SS4 S48 15.0 1.0 100.G %
MaEY Sié 493 13.9 1O 100,50 %
JUN 494 465 17.4 1.0 100,00 %4
Jub 477 453 13.72 1.0 100.0 %
AUG 414 404 12.0 1.0 100.0 % .
SEF 479 489 14.73 1.0 100,00 %
GCcT S11 =SSt 1S.6 1.0 100.0 %
NOV 497 Séé6 15.7 1.0 100.0 %
DEC 4465 545 - 15,2 1.0 100.G % )

NOTE: ARRAY TO FACE TRUE SOUTH

FPERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEFENDEMT
UFON WEATHER CONMDITIONS AND ADEQUACY OF INSTALLATION AND MEINTEr . TE.
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- If 3 number 13 W flourescent lights is considered the optimm
to light the¢ individual rooms and that these will
be switched on for 3 hours a night, the daily load is:

13
— X 3 X 3 =29,75 AH.
12

watts/12 X no. of lamps X no.of hours = ampere hours.

In this case, an M65 would be a suitable module for
Metema, an M75 module for Asosa and an M55 would not
quite be adequate for Gambella for this month.
August in Gambella has substantially less radiation
han other months and use of lights for only 2} hours
er night in this month would be sufficient.
Alternatively two modules could be used and the
excess power used to provide 2 more 13 watt lights
in another room. In this case the total load would
be 16.02 AH with output at 18.2 AH(2 times the
output of a module). All modules should come with
a warranty of 10 years oa the power output and
this is specified.

C.5. BATTERY TYPE

Maintenance free, deep cycle, sealed

batteries of ABSOLYTE type are the only batteries

to be considered. These batteries are spill

proof, leak proof, do not need the addition of

. water and electrolyte, have a long life and a low
st . -discharge rate, and are warranted for 10 years.
They are ideal for these remote situations where
water or electrolyte is generally unavailable.




C.

C.

C.

6.

7.

8.

- b€ -

Warranty claims are difficult and time consuming
to negotiate for any battery that requires
maintenance. '

CHARGE CONTROLLER

Although ABSOLYTE type batteries can take a
high rate of charge they cannot accept charging at
high voltagé level so for the M55 and M75 modules
(and similar types) it is necessary to incorporate
a charge regulator in the system. All systems,
whether charge regulated or not, should contain a
low voltage cut out switch which prevents deep
discharging of the batteries.

LIGHTS
12 V fluorescent lights come in ®W, 2 13W, 20W

and 40W options. Sufficient spare tubes (one for
eacn fixture) should be specified at outset.

BALANCE OF SYSTEM

All wiring and switches required for these
systems can be obtained from the Ethiopian Domestic
Distribution Corporation.

The G.I. pipe is locally available and the
mounting bracket can be fabricated locallv. G.I.
pipe is specified rather than treated eucalyntus

due Lo the risk of termite attack.

Costs, both local and foreign component

are annexed.




tlourescent lights mounted
; beneath ftrusses

storage room (back)
and office (front)

battery
to tight wiring

switches

module to battery cable

L
solar module””

battery

Gl pipe -~ °

charge controller
mounted on wall

concrete e -

of office

1

Notes :

The module is facing due south at
an angle of 15°to the nhorizontal,
The module and stand should be as
close as possible to the building

It the front ot the building faces
more N than S locate module at the
rear of the building :

battery and controlier will now be
in the store.

an extra émetres af light wiring
required if switches are to be
kept by entrance

Instatlations for Block 2 and the
reading room of the BOEC are
identical

XP/ETH/ 86/ 038

isometric view of a solar lighhing

Installation Tn a village schoo!

December 1986 [ i.goodman

_L9_



cable

Gl pipé™

400

150 ~260

top bracket

module ‘
——-B South

15 <7 L
A ;s
lower bracket A-A
1:10 |

depth 257

-

concrete plug

|
v

1 All steel of 3Imm thickness.

2 AWl holes of 12mm dia Use 6or 8mm dia bolts.

top bracket
1:25

-+

| +

lower bracket

T\deld or bolt to Gl pipe

1 C 1
i I b H
Tem L :
Rl R N L
| —3 A J

[~ 36

3 For greater rigidity bolt steel strip trom top to lower bracket.
4 Use Inner tube rubber washers between module and brackets.

S Paint all steelwork.

1199 - -

C-C
1:1
25x 25mm angle

1:2:5

weld’”"*‘) ] 25
dlZ
3é

//’/t /I)

XP 1 ETH/ 86/ 038

module support structure {M75)

(different modules — r¢ dimension)

december 1986

}goodman .
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C.9. WIRING DESIGN

In the computer runs the allowable voltage
drop through the cable is given as 0.5 Volt. To
calculate the appropriate wire size apply the
following formula;

Resistance =i Xx—L(length of loop in metres)

c.s.a. (in mm2)

(resistivity of Copper)

Apply Ohms law to 0.5 voltage drop and the max.
module output current to obtain resistance value.

¢.g. module current 2.94 amps

=V _ 0.5 - length of loop in mtr.
R T "> hence c¢.s.a. 57X (0.3)
- 2.94

Choose the next size up.

C.10. INSTALLATION COSTS FOR A ONE MODULE/ONE BATTERY
LIGHTING SYSTEM

Local
component
1. 6m length 4"g G.I. pipe 154.27  Birr.
2. 8 module bracket 45.00 "
) 3. Array wiring (2mm2c.s.a.) 11.253 "
4. Light wiring (1.5mm? c.s.a.) 40.70 "
- 5. Battery box 20.00 "
’ 6. Switches, battery terminal 20.00 "

connectors wiring chips




7. Installation - 2 days max 80.00
for 1 electrician and
1 assistant

351.20 Birr.
Or, § 169.60

Foreign Component

1 No M75 module - $ 285
1 No ABSOLYTE 5000 Battery- $ 147
100 A/H @ 100 HR rate.
1 No charge controller - $ 150
(low voltage cutout)
SCI 1 - 12.
3 No 13 watt slimlyte - $ 46.05
Freight costs (as part of - $ 75.00
quantity shipment)
c.i.f. US$ 683.05 S 169.56
Total: § 852.71
Note: These prices are based on quantity reductions

from manufacturers and with suppliers margins
buiit in. This provides a more realistic cost
estimate than "off the shelf" costs.




COUNTRY

PRECIPITATION
TEMP. AVERAQE
TEMP MEAN MAX
TEMP MEAN MIN
TEMP MEAN DAY
TEMP MN NIGHY
VAPQUR PRESS.
WIND SPEED 2nM
SUNSHINE X
TOT RADIATION
EVAPOTRANSP.

TYPE OF OROWING SEASON :
DRY DAYS : 161

SEASON NR

ETHIOPIA
JAN FE®
] o
22.2 23. 6
2?9 .
14.9 13.7
23. 0 2.9
19. 6 20. 9
12.8 3.7
1.7 .7
a1 73
461 493
131 133

INTERM. DAYS :

SEASON BEGINS ON 30 APR.

BEGIN HUMID ON

16 MAY

34

® STATION :AS0SA

* LATITUDE:

APR

3
24
3.
17
258,
.
13

]

WoOSNGIN

~

71
333
199

HUMID PERIOD (131 DAYS) ENDS ON
END OF BEASON ON 31 OCT
TOTAL LENGTH OF BEASON (S 183 DAvE

COUNTRY : ETHIOPIA

JAN FEB

PRECIFITATION ‘0 7
TEMP. AVERAGE 0.7 21.9
TEMP HEAN MAX 28. 4 29. 9
TEMP HEAN MIN 13.0 13.8
TEMP HEAN DAY 23.9 24.0
TENP MN NIOGHT 18 1 19. 1
VAPQUR PRESS. 12. 2 12. 9
HWIND SPEED 2M 1.7 1.8
SUNSHINE z &9 68
TOT RADIATION 443 476
EVAPOTRANSP. 124 131

TYPE OF GROWING BEASON :

DRY DAVYS : 219

SEASON NR

SEASON BEGQGINS ON 2 MAY
BEGIN HUMID ON

INTERM. DAYS :

MAR

a9
22. 8
30.9
13.0
23. 6
20. ¢
19 6
1.0
23
4460
191

12 JUNE

34

MAY

118
22. 4
20.0
16.7
24. 4
20.2
20.0

1.7

48

441

121

13 OCT.

LATITUDE:
APR MAY
<2 10t
22. 9 22. 3
30. & 29.0
131 14.7
23.7 2.0
20. 1t 19. 6
19. 6 14.0
18 | O 4
39 64
472 901
145 13%0

HUMID PERIOD ( 97 DAYS) ENDS ON
END OF SEASON ON 29 SEP.
TOTAL LENGTH OF SEASON IS 131 DAYS

146 SEP.

10. Oa
JUN

169
20. 4
2.2
19. 9
22. 1
10. 6
19. 6

1.4

37

393

98

130

STATION :FILIKLIK

10.03 » LONGITUDE

JUN

130
20. 6
az.a
13.7
23.0
18. 1

}19.0

1.4

47

430

119

9%

® LONGITUDE

JuL.

207
19.9
2. ¢
19.1
21.1
17.9
18. 0

1.4

33
are
9?7

NORMAL CROWING BEASON (WITH DRY PERIOD)
WET DAVS

JUL

260
17. 8
23.2
12.0
19.6
199
19.9

1.2

23

49

92

NORMAL OROWING SEASON (WITH DRY PEthD)
WET DAVS :

AUO

200
19. 4
23. ¢
14.9
21.0
17.7
10. 9
1.4
19
aan
7

AU

243
17. 2
22. 6
11. @
19. 1
19. 1
19.9

1.9

26

%7

92

® NUMBER :463340

1800

YEAR

1116
as. 7
27.0
19. 4
23. 0
19. 4
16.7
1.9
99
440
1400

MET.
YEAR

7Y
20. 2
2r.3
13.0
22.7
17. 6
13.7
1.7

LY
444
1487

34.31 & ELEVATION : 1750 MET.
seep ocy NOV DEC
207 103 ai 0

0.2 20. 4 20. 9 22.0
3.6 @%. 8 37.4 a%.3
14.8 14. 9 14. 4 14. 6
2W. 1 22.9 22.2 24.9
18. 1 160.2 16.3 19.0
16. 9 17.9 16.3 14. 0

1.4 1.4 1. 4 1.7

90 &) &7 73
444 4461 446 442
106 110 104 110

®  NUMBER : 43344

30.13 @ ELEVATION :
see ocT NOV DEC
110 17 17 9

17. 9 19. 2 19.7 19.7
8.6 .3 7.2 27. 4
1.2 12. 1 12. 4 11. 9
20.3 21.7 2.3 22 4
19.3 16. 4 16.7 16. 6
t14. 8 12.0 11.7 1.2
1.6 a.2 2.2 1.0

40 &4 as 70
406 472 %08 439
103 133 119



AR

3
30.
38.
22.
33.
27.
19.

RNOUVOOU~

1.

31
448
179

COUNTRY : ETHIOPIA
JAN FEB

PRECIPITATION ] 12
TEMP. AVERAGE 280.0 29. 2
TEMP MEAN MAX 37.0 38. 4
TEMP MEAN MIN 18.2 20.0
TEMP MEAN DAY 3.6 32.9
TEMP MN NIGHT 24. 6 26.0
VAPOUR PRESS. 17. 4 17. 6
WIND GPEED 2M 1.3 1.3
BUNSHINE X 73 63
TOT RADIATION 468 474
EVAPOTRANSP . 156 160
TYPE OF QROWINQ SEAGON :
DRY DAY8S : 1648 INTERM. DAYS :
SEASON NR :

SEAGON BEGINS ON 22 APR.

BEGIN HUMID ON

8 nAY

49

® STATION : GAMBELA

® LATITUDE:
APR MAY
68 1463
2.7 az. 4
37.2 34.9
az2.1 20. 2
32. 4 ae. 9
a7.0 a4 0
1.3 2.6
1.3 1.9
99 30
4846 390
1469 146

HUMID PERIOD (149 DAYS) ENDS ON

END OF BEASON ON

9 NOV.

TOTAL LENQOTH OF S8EASON 18 198 DAYS

COUNTRY : ETHIOPIA
JAN FED MAR

PRECIPITATION & ] 23
TEMP. AVERAGE 27. 9 29.3 30. &6
TEMP MEAN MAX 34.9 38.0 38.9
TEMP MEAN RIN 1€. &4 20.3 22. 6
TEMP MEAN DAY S0.7 2. 4 33. 4
TEMP MN NIGHT 24.3 26.3 27. 8
VAPOUR PRESS. 16. 9 17. 9 19.3
WIND SPEED 2# 1.3 1.9 1.3
SUNSHINE X 73 64 o1
TOT RADIATION 4460 470 448
EVAPOTRANSP. 133 160 173
TYPE OF QROWING SEASON
DRY DAYS . 179 INTERM. DAYS
SEASON NR :
SEASON BEQINS ON 30 APR.

BECIN HUMID ON 3 JUNE

&7

HUMID PERIOD (120 DAYS) ENDS ON
2 NOv.
TOTAL LENGTH OF SEASON I8 187 DAYS

END OF SEASON ON

3 OCT.

& LATITUDE:
APR MAY
20 111
30.0 20.0
37. 4 as.0
22. 6 21.0
392.?7 30. 9
27. 4 3.9
21. & 23. 4
1.3 1.9
&0 a7
490 399
167 149

2 0CT.

8.19
JUN

169
26. 6
32.9
20.7
20.7
24.9
4. 4

1.2

a3

380

119

148

STATION : POKO
8.13 « LONOITUDE

JUN

139
26.

20.

119

& LONOITUDE :

NORMAL OROWING GEASON (WITH DRY PERIOD)
WET DAYS :

JUL

197
9.
.
19.
7.
3.
23.

L.

32

374

117

(AN RN NN

NORMAL CROWING SEASON (WITH DRY PERICD)
WET DAYS :

AYO

27
6.9
31.6
20. 9
26. 2
24.2
29.7

AUO

177
9. 4
3.9
19.3
27. 6
23.1
24.3

1.9

13

J14

111

NUMBER ; 63377

34.39 & ELEVATION :

aer acT NOV
177 113 20
2.7 27.0 @a6.1
2. J33.¢ J2°
20.9 Q0.1 19.5
0.9 295 2.9
24.3 4.3 2329
24.9 20.% 20.)
1.9 1.9 1.9
40 83 &2
407 439 440
120 141 132
® NUMBER : 63378

34.29 o ELEVATION

8

170
2BV.9
2.1
19. 6
20.1
23. 9
22.7

1.9

<14

404

129

”NIII)SI!
~Us900N.
CE R R Y Y N-¥3

»
(A X ]
0

141

NOV

47
26.7
34.0
19. 4
29.9
a9
21.0

62
440
137

480
DEC

]
az.
a9,
16.
30,
29.
19,

1.

YeSNDENLD

-2
SN
oW

¢ 960
DEC

nET,
YEAR

1337
27. 6
24.0
20. 4
0.2
25. 0
2.9

49
423
1707




COUNTRY

JAN
PRECIPITATION e
TEMP. AVERACE 12. 4
TEMP MEAN MAX 20. 9
TEMP MEAN MIN 4.3
TEMP MEAN DAY 13. 3
TEMP HMN NIGHT 9.7
VAPOUR PRESS. .3 ]
WIND SPEED 2M 1.9
SUNSHINE % 94
TOT RADIATION 300
EVAPOTRANSP, L}

TYPE OF GROWINO SEASON

DRY DAYS : 191

GEASON NR : 1

CTHIOP1A

FER

12,
20.
4.
13.
10.
b.
1.
%0
933
a9

Qo NNDD-

:

13.
22.
3.
16.
10.
6.
1.
a8
379
129

NPFrONWOND

INTERM. DAYS

BEASON BEOINS ON 29 APR.

BECIN HUMID ON
HUMID PERIOD (146 DAYS) ENDS ON

END OF SEASON ON 20 OCY.
TOTAL LENOTH OF SEASON IS 173 DAVS

COUNTRY : ETHIOPIA

JAN FED

PRECIPITATION 1 [}
TEMP. AVERAQE 286 9 2W. 7
TEMP MEAN MAX 3% 1 39.1
TEMP MEAN MIN 18.7 20.2
TEMP MEAN DAY 29 2 33.1
TEMP MN NIGHTY 24 2 246. 3
VAPOUR PRESS. 12. 0 12.9
WIND SPEED 2M 1.9 1.9
BUNSHINE 4 79 a3
TOV RADIATION 457 o14
EVAPOTRANSP. 165 173

TYPE OF GROMWING SEASON
INTERM. DAYS

DRY DAYS : 232

SEASON NR 1

SEASON BEGINS ON 25 MAY
BECIN HUMID ON
HUMID PERIOD (107 DAYS) ENDS OM
EHD (W SEASON ON

% OCT.
TOTAL LENGTH OF SEASON IS 134 DAYS

10 MAY

14 JUNE

27

® STATION :DABAT

& LATITUDE:

APR MAY
14 141
13.0 14. 6
23. 1 21.7
60 7.4
17.9 17.1
12.1 12.0
73 0.8
1.9 1.9
76 &2
334 302
128 124

2 OCT.

13. 00
JUN

199
14.2
20. 4

7.9
16. 4
1.9
11.0

1.9

%0

482

104

143

® STATION : METEMA

* LATITUDE:

APR MAY
1 &7
20.9 20.7
40. 3 39.0
17.9 18. 4
33. 0 2.4
23. 0 23. 0
a 4 20. 9
1.9 1.9
76 &8
304 s
187 192

28 SEP.

39
494
140

106

* LONGITUDE :

JuL

301
13.
17

a.
14,
11
11.

1.

14

< k)

80

RND=~=DO

NORMAL GROWING SEASON (WITH DRY PERIOND)
29 HWET DAYS :

® LONGITUDE :

HORMAL GROWING SEASON (WITH DRY PFRIOD)
WET DAYS :

L% -]

304
12.
16.

a.
13.
10.
11,

|

12
308
78

[-FAN- N N-N. A

AUG

NUMBER : 63329

37.46 & ELEVATION : 2669
SEP ocT NOV DEC
163 61 21 9

12.8 12. 7 10.9 11. 8
18. 2 19.9 17. 4 19.9
7.3 9.8 4.4 3.7
14.7 19. % 13. 2 14. 8
10. 6 ?.9 a3 83
10. 6 ®.0 6.9 6. b

1.2 1.6 1.6 1.4

29 s 2 "2
474 837 J06 477

90 9 77 72
NUMBER : 63314

356.08 & ELEVATION : 803
8EP ocTY NGOV DEC
1687 49 4 o

26. 8 27.3 27. 9 7.9
an.a 34.0 3.9 36. 1 4
20. 3 20.1 19. 9 18. 8
20.1 29.8 30.7 30.9
23. 0 24. 4 24.7 23. 9
18. & 12.3 12.0 12.8
1.2 1.8 1.6 1.4

&40 79 ee a7
479 it 497 463
137 169 1393 143

YEAR

MET.
YEAR
o8y

33.
19
30.
24,
16,

CNNNUOOSD

70
493
1933

gl



ANNEX I

--Th -

DRAFT TERMS OF REFERENCE AND SPECIFICATIONS

Project Title:

Project Number:

I.1. OBJECTIVES OF THE PROJECT

a)

To provide and install solar powered water
pumps in the remote regions of Ethiopia. This
component will include overseas training for

2 engineers (one from Ministry of Energy, one
from E.W.C.C.A.) in all aspects of solar

pump installation, maintenance and system
design.

To provide and install 6 no. solar powered
vaccine refrigerators as a pilot project in
selected sites in Ethiopia. The component
will include on-site training for an engineer
from E.P.I. of Ministry of Health in all
aspects of installation, maintenance and
onward training.

To 1introduce solar powered lighting in the
school building projects underway (OPEC Fund,
UNESCO advisor) and under evaluation (World
Bank). Designs, costings and draft tender
documents to be submitted to the School
Building and Maintenance Unit c¢f the Ministry
of Education.




I.2.

BACKGROUND INFORMATION

Maximum utilisation of renewable energies is the
priority of the Ethiopian government and the
implementation of this project will complement
Government project activities in developing hydro
and geothermal resources. These latter large
scale projects are designed to serve either the
national grid or large population centres (and to
replace fossil fuel use) whilst the low energy
demands of remote settlements can be met by
photovoltaics. The introduction of solar powered
water pumping, vaccine refrigeration and lighting
for clinics and schools by the Government is an
important step towards providing basic amenities to
the whole community. The introduction of these
three mature developments of photovoltaic applications
will provide a base for standardisation of water
pumping equipment, a pilot project for the EPI of the
Ministry of Health to evaluate and monitor vaccine
refrigerators (again for standardisation procedures)
and through technical assistance introduce lighting
for schools to make the aim of adult literacy a
reality.

This project will allow all regional water
supply management and technicians direct experience
of systems with no fuel supply problems and rela-
tively free of maintenance. The maintenance aspect,
difficult to quantify economically, is the most
demanding function in resources and time of EWCCA
and was cited by all regional managers as such. The
Swedish Free Mission, a non-government body has
successfully introduced Grundfos a.c. submersible




solar pumps in Gamu-Gofa; these units have been
evaluated by ENEC and compare more favourably than
other installed government to government aid
donated solar pumps of various types. As a result,
ENEC wish to standardise an pv powered submersible
pumps. ENEC, who have closely monitored worldwide
p.v. developments, wish to propagate the use of
these units in selected remote sites. These units
are, without doubt, the most appropriate and
reliable on the market today.

The main government body sponscoiing the project
is the Ethiopian National Energy Committee (E.C.E.C.)
whose engineers will supervise and help train the
various government implementing bodies namely:

a) Ethiopian Water Works Construction Authority
for water pumps. One engineer from E.W.W.C.A.
will receive overseas training in installation

and maintenance.

b) E.P.I., Ministry of Health for vaccine
refrigerators. An EPI technician will receive
on site training for installation and maintenance.

c) School Building and Maintenance Unit of the
Ministry of Education for school lighting.




I.3. SPECIFICATIONS

I.3.1. WATER PUMPING

. Terms of tender.

a) The contractor shall provide 47 number pv.
powered water pumping systems for the sites
listed at the given system heads and average
daily water outputs (under the radiation and
temperature parameters provided in annex).

f.o.b. costs and c.i.f. Asab by sea freight.

Site System Average Nearest Radiation Station

h%éi- 99%325 and FAO index No.
1) Harerge

Hassene 80 12.0 HARER 63470

Hadew 46 26.3 JIJIGA 63473

El Amhar 50 24.7 " "

Warder, Well 24 58.5 KEBRI DEHAR 63492

Shinile RRC 34 40.6 DIRE DAWA 63471

Shinile 32 43.3 " "

Gad 58 21.2

Mile 50 45.9

Harewa 61 20

2) Gamu-Gofa

Gebele Bono S5 22.6 GIDOLE 63528
No. 1

Gardula No 2 55 22.6 " "
Wachvga 60 19.6 SODQ /43484

Busha




Site System Average Nearest Radiation
ﬁeaa output Station § FAO
m m37§ax Index No.

3) Sidamo

El leh 28.0 48.1 MEGA 63545
El Cofa 50.0 24.5 "
Melbana 1 50.0 24.5 "
Melbana 2 80.0 11.8 "
Chilango 81.0 10.8 "
Bokol Bona 3 80.0 11.8 "
Dolo Mekala 1 111.5 8.7 "
Tuka No. 1 27.0 49.5 "

4) Illubabor

Finkao 35 50 21.6 GAMBELA 63377

6

17.6 ABOBO 63455

9.8 ABOBO 63445

11.0 METEMA 63314
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Site System Average Nearest Radiation
head output Station and FAO
m. - Index No.

6) Gonder

Metema village 1 80m 11.9 METEMA 63314
2 50m 25.2 "
3 52m 24.3 "
A 4, 70m 12.2 "
Kobit .
4, 70m 12.2 "
Kobit
Kumer 17m 20 "
Johannes Ketema 41m 29.0 "
Shehdi Irrigation 22m 57.8 "
Kumer Irrigation 17m 81.2 "
Humera provide average outputs, HUMERA 63030
Humera cost for same range of
pumps as at Metema in
40,50,60,70 metre range
7) Wollo
Provide average outputs ALAMATA 77
& costs in range of WELDIYA ... -
pumps offered in 40,50,
60 & 70m range for the
two radiation stations
8) Shewa
Ogolcho-aburr: 33 3.2 OGOLCHA 40
Note: 1. The f.c 4 c.. . .+ . should be for 40 units
AS sne. e 1ts cost for Humerza {2 Ng.) and
Wello .) shouid be annexed.

2. The 10% spares components cost (3.1.b). (vii) fo
each province should be specified as a separate ites.




I

3.1,

b)

(1)

(ii)

(1i1)

(iv)

(v)

(iv)
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The pump/motor type should be an a.c.
powered submersible pump, with pump and
motor directly coupled, preferably of
stainless steel manufacture. It is
advantageous if the same motor drives
the range of pumps required to fulfill
the specifications of 3.1. (a).

The inverter should have a proven field
experience, high efficiency and be
standard to all systems offered.

Detailed drawings of array and stand to
be provided together with detailed speci-
fications of the modules.

The contractor is expected to show
simulations (computer or otherwise) of
average daily water output under the
head, radiation and temperature
parameters proviczd.

Warranties and guarantees on the system
and individual components thereof (if
different) should be clearly stated.

The contractor shall make available to
the Ethiopian National Energy Committee
computer programmes enabling ENEC to run
their own system sizings as part of the
ongoing project.




(vi1)

fviii) -

(ix)

(x)

The systems listed on 3.1 (a) are listed
province by province, each with a regional
H.Q. of the Ethiopian Water .Works . onstruc-
tion Authority. A sujtable spares list

(to manufacturers recommendations) of

not less than 10% of the f.o.b. value on
the units to held at each regional H.Q.
should be p1 ed with costs.

The contractor will provide training for
2 engineers (one from ENEC, one from
EWWCA) at their factory in all aspects

of system maintenance, systems sizing and
installation. The duration will be for

2 man months and should include inter-
national air fares and living allowances.

The contractor will provide detailed
drawings for any civil works required

for the system, prior to the arrival of
the equipment.

To enable ENEC tc assist in installation,
monitoring and maintenance the contractor
shall include as part of the tender a
lump sum for the provision of a Tovota
4WD Land Cruiser Stationwagon.




COUNTRY : ETHIOPIA @ STATION :ADI UGRI

®» LATITUDE: 14.33 & LONGITUDE :

JAN FER MAR APR MAY JUN UL

PRECIPITATION o 4 10 20 42 49 190
TEMP. AVERAGE 16.0 17.3 a0.7 17. 2 19. 4 19. 1 19. 9
TEMP MEAN MAX a9.0 av. & a.2 3.0 31.9 30.9 2%. 2
VEMP RMEAN FMIN 3.9 4.9 10. 1 b & 7.2 7.6 9.7
TEMP MEAN DAY 20. 9 21.9 24.9 23. 8 23.7 23. 2 10. 9
TEMP MN NIGHT 12. 1% 13.2 17.1 14.9 13.1 14. 9 11. 8
VAPOUR PREGA. 906 9.2 11.9 11.3 10. 8 10. 8 13. 9
WIND SPEED 21 1.9 1.6 1.7 1.8 2.0 1.9 1.R
BUNSHINE k3 9% 90 90 |0 97 a7 69
TOT RADIATION 483% e 266 396 631 sasé o911
EVAPOTRANGP. a4 92 143 144 160 147 109

TYPE OF QGROWING BEASON : NORMAL OROWING BEASON (W1TH DRY PERIOD)
DRY DAYS : 288 INTERM. DAYS ;. 16 WET DAYS 61

GEABON NR 1
GEABON DEGING ON 24 JUNE
BEQIN HUMID ON 1 JULY
HUMID PERIOD ( 42 DAY@G) ENDS ON 31 AUG.
END OF SEABON ON 9 8EP.
TOTAL LENGTH OF HBEASON 18 78 DAVE

COUNTRY : ETHIOPIA ® GTATION : HUNERA

AUG

177
19.
24.

b.
18.
13.
14.

i.e

1]

464

102

[-X-X'F 2 X

NUMBER : 43029

34. 49
GEP

4
17.1
28.3

6.0
21.0
12.7
1.7

1.7

ao
93s

12

e ELEVATION

ocT

]
16.9
a9

2.9
21.9
11. 46

1.6

2.1

%a
942
110

p)

NOV

17
1.2
28.9

4.1
20. 6
11.9
12. 0

94
490
[ ]}

® NUMBER : 43030

e LATITUDE: 14.10 # LONGITUDE :

JAN FEB MAR APR MAY JUN JUL
PRECIPITATIUN (] o o 1 43 72 17t
TEAP. AVERAGE 27.0 28 4 30.3 N7 .7 30.3 ar. 1
TEMP MEAN MAX 36. 4 ar. 9 40. 4 41.7 41. 2 39.2 33.9
TEWP MEAN MIN 17.9 1.8 20. 1% 21. 6 22 2 21.3 20.J
YEMP MEAN DAY 30. 4 a1.8 33.9 3%.3 39. 1 33.9 a9.9
TENP HN NIGHT a3 9 2% 2 26.9 206.2 28. 3 27.0 24.0
VAPOUR PRESBS. 12.8 12.0 11.2 9.8 10. 8 13. 0 16.3
WIND SPEED 2# 09 1.0 0.9 1.0 1.0 1.2 0.9
BUNSHINE x as 91 86 a6 77 79 70
TOT RADIATION 437 922 93% 300 347 332 914
EVAPOTRANGP. 124 133 163 172 179 179 149

TYPE OF GROWING SEASBON : NORMAL OROMING GEASON (WITH DRY PERIOD)
DRY DAVS : 247 INTERN. DAYS : 33 HET DAYS : &3

SEASON MR 1
SEASON BEGINS ON 23 JUNE
BEQIN HUMID ON 8 Ju.vy
HUMID PERIOD ( 66 DAVS) ENDE ON 11 SEP.
END OF SEASON ON 29 GEP.
TOVAL LENGTH OF BEABON I8 99 DAYS

AUQ

193
26.0
3.0
20. 6
29. 0
a4. 4
23. 6

0.8

L1

451

131

¢ 2033 RMET.
DEC YEAR
< ] 974
19. 6 17. 4
az. 6 20. 9
< B 0.8
19. 0 1.8
10.? 13. 4
10.8 11.9
1.2 1.7
%% a7
447 804
73 1368

34.39 & ELEVATION : 0830

123
27.2
34.0
20.0
29.7
24.3
19.8

0.6

76
das

137

KT

7
20.7
37. 4
20.0
1.0
23. 2
1.4

0.7

90
3939
143

NOV

a9.
30.
20.
32,
a2s.
12.
| B
"
496
136

O DBOLI

REC

]
20.2
36. 9
19. 4
31.3
4.7
12. 9

o9
.99
468
133

—28—



PREC(PITATION
TEMP. AVERAGE
TEHMP MEAN MAX
TEMP MEAN MIN
TEMP MEAN DAY
TEMP MN NIGHT
VAPOUR PRESS.
HWIND SPEED 2M
SUNSHINE X
+JT RADIATION
EVAPOTRANSP.

TYPE OF GROWING SEASON

ORY DAYS : 1%6
SEASON NR

SEASON DEQINS OM

HUMID PERIOQD

CUUNTRY

ETHIQRIA

FEB
11
18
27
8.
21.
14.
11
1.
a3
920
107

SNOO>&OD-

138

INTERM. DAVS :

4 MAY
BECIN HUMID ON 29 MAY
¢ 3 DAYS)

BEQIN HUMID ON
HUMID PERIOD (123 DAYS)
END OF SIZASON ON 20 OCYV.
TOTAL LEWNGTH OF GEASON 19 170 DAVYS

COUNTRY

PRECIPITATION
TEMP. AVERAQE
SEMP MEAN MAX
TEMP MEAN MIN
TEHP MEAN DAY
TEMP HMN NIOHT
VAPOUR PRESS.
WIND SPEED 2nM
SUHSHINE X
TOT RADIATION
EVAPOTRANSP.

TYPE OF GROWING SEASON :

DRY DAYS : 171
SEASON NR

SEASON BECINS ON

SEASON NR 2

ETHIOPIA
JAN FEB
40 42
16 1% 16. 6
23 6 23. 0
g & 8.4
10 8 19.8
13. 6 14. 1
1.3 1.7
1.6 1.9
61 &9
408 449
29 106

INTERM. DAYS :

1 MAR.
END OF SEASCN ON 27 MAY
TOTAL LENGTH OF SEASON 19 88 DAYS

SEASON BECINI DN 28 JUNE
BEGIN HUMID ON
HUMID PERIOD ( 70 DAYS) ENDS ON
END OF SEASON ON 25 SEP.
TOTAL LENGTH OF SEASON 1S <90 DAYS

BEASON NR 3

SEASON GEGINS ON 2 NOV.
19 NOV
TOTAL LENGTH OF &EANLMN 1S

END OF SEASON ON

4 JUNE

73
523
130

1 JuLy

18 DAYS

129

® STATION :DEBRE TABOR
& LATITUDE:

APR
46
18
27
9.
21.
13
10.
1.
&9
927
140

eV

ENDS ON

MAY
93
18.
26.
10.
23.
19.
12.
|
3
an
130

coOUvL=IO

ENDS ON 30 MAY

4 OCT.

11.233

104

124

® GTATION :WALDIA
® LATITUDE:

APR
108
18
27.
L B
21.
19
12
1

CUWOs=N

68
323
130

MAY
97
i9.0
27.9
10. 0
22. 2
15. 8
10.9
2.1
&3
309
134

8 SEP.

11. 49
JUN
28
19.9
a9.0
9.9
2.9
16.0
<)

3

&9

* LONGITUDE :

NORMAL GROWING SEASON (WITH DRY PERIQD)
WET DAYS

* LONGITUDE :

JuUL
220
20 .2
26
14,
22
17.
14,
2.0
3&
399
121

NG~

NORMAL GCROWING SEASON (WITH DRY PERIOD)
WET DAYS :

AUG
476

14. 9
21.0
a.7

17. 0
12.9
13. 6
1

AUO
2346
19. 6
23. 9
13.7
21.7
172.3
14. 6
1.6

47
4039
117

®  NUMBER :43320

38.02 « ELEVATION

SEP

NOV
aa
19.9
2ad. 6
7.1
10. 4
12. 1
11. 6

a2
489
"°

NUMBER : 463321
ELEVATION : 194640 RET.

39.36 o
8EP ocT
as 47
19.3 17. 4
2%. 2 29.1
13. 4 2.7
21. 4 20.1
t17.0 14.0
14.0 1.9
1.3 1.2
44 71
420 491
107 111

NOV
47
16. 1
24.3
7.9
19.0
12. 0
10.8
1.2
72
433

9%

-

!

¢ 2410 RET.
DEC YEAR
16 1631
19. & 16. 0
24.9 2% 0
6.7 84
10.7 19.7
12.0 13.7
11. 3 12.3
1.8 1.4
a0 29
432 432
az 1264

DEC
24
16.3
a4,
o
19
13.
11

YEAR
1073
17. 9
2.7
10. 1
20.7
)
4
7



L]
COUNTRY

PRECIPITATION
AVERACE
MEAN MAX
TEM® HEAN MIN
MEAN DAY
MN NIGHT

TEAP.
TEMP

TENP
TENP
VAPOUR PRESS.
HIND

EVAPQTRANSP .

TYPE OF CROWING SEASON :
INTERM. DAYS

ORY DAYS

SEASON NR

SPEED 2M
SUNSHINE %
TOY RADIATION

191

CTHIOPLA
JAN FED
e 1
12 4 12.8
20 5 20.0
4 3 4.7
12 3 19.7
9.7 10,1
& 9 & 4
1 9 1.9
94 90
300 333
a4 a9

SEASON DEQINS ON 29 APR.

BEGIN HUMID ON

MAR

13.
22.
3
16.
10
&
1

NPrPONWOND

88
573
123

10 HAY

29

s ETATION . DABAT

* LATITUDE:

APR

14
13.0
231

6.8
17. 9
12.1

7.3
1.3

76
334
126

HUMID PERIOD (146 DAYS) ENDS ON
ENN OF SEASON ON 20 OCY.
TOTAL LENGTH OF SEASON IS5 173 DAYS

COUNTRY

PRECIPIVATION
TEMP AVERAGE

=7 TEMP MEAN MAX
_~ TEHP MEAN MIN

ATEMP MEAN DAY
TEMP MN NIGHT
VAPDUR PRESS
HWIND SPEED 2nM
SUNSHINE %
TOV RADIATION
EVAPOTRANSP

TYPE OF GRUWING SEASON
INTERM. DAYS

DRY DAYS

SEASON NR

SEASON BEGINS ON 25 MAY
BEGIN HUMID ON
HUMID PERIJOD (107 CAYS) ENDS ON 286 SEP.

END OF SEASON ON

232

ETHIOPIA
JAN FEB
)] o

26 9 29.7
33 1 av. 1
18 7 20. 2
29 2 331
24 2 26 9
12 8 12 9
19 1.9
79 83
457 314
155 173

NORMAL GROWING SEASON (WITH DRY PERIODM)
27

S OCv.
TOTAL LENGTH OF SFASON IS 134 DAYS

MAR

30
40
20.
33.
26
1.
1

NNONWOND

77
333
201

14 JUNE

nAy

141
14,
21.
7
17.
12
a.
]

DO=aND>

. %
-4
302
124

2 0OCT

13.00 « LONGITUDE :
JUN JUL AUQ
199 }c} } 304

14.2 13.0 12.3

20. 4 17.8 16. &6
7.9 8.1 8.0

14. 4 14.7 13.8

11. 9 1.1 10. &6

11. 0 11. 8 11.3
1.9 1.2 1.0

20 14 12
482 313 308
104 ao 78

NORMAL GROWING GEASON (WI1TH DRY PERIOD)Y
; WET DAYS

143

® STATION :METEFA

® LATITUDE:

APR

]
(TR%
CaODUVWD ™

76
554
187

WET DAYS

12.97 @ LONGITUDE
JUN JUL AUG
1460 209 211

27.8 26. 1 24. 0

337 31.9 Ji. 8

19. 9 20 3 20. 1

30. 6 20 2 28.0

24. 9 23. 9 23.7

23 4 26 7 6. &
1.9 1.2 1.0

59 37 40
494 477 414
160 139 121

106

NUMBER : 63029

37.46 @ ELEVATION
SEP ocy NOV
163 &1 21

12.0 12.7 10.9
168. 2 19.95 7.4
7.3 8.0 4.4
14.7 13.1 13. 2
10. & 9.9 8.3
10. &6 9.0 6.9

1.2 1.6 1.6

39 as 2
474 337 304

%0 96 77

NUMBER : 63314

34.04 #» ELEVATION
SEP ocyY NQV
187 43 4
26. 1 27.3 2.9
J31.8 34.9 3.9
20.3 20. 1 19. 9
20. 1 9.8 30.7
23. 8 24. 4 24.7
18. &6 12.3 12. 0

1.2 1.6 | Y )

&0 78 a8
479 311 497
137 163 133

i 2689
DEC

-
SPUGNIDO

-
~oBsLO-

&
N~
NN

: 803
DEC

27.
J6.
18.
30.
23
12
).
az
469
149

S2DDUVEB=LVO

HET.

YEAR
1254
1.
19,

19.
10.

CCULe=DO

60
400
1147

MET.
YEAR

a8’
27.
<1 B
19
30
24
16.

~-
OO NNNLOID

491
1933



e

CAQUNTRY : ETHIOPIA

JAN FEDB

PRECIPITATVION 17 21
TENP. AVERAGE 13.9 16. 6
TEMP MEAN NHAX 23. &6 24. 6
TEMP MEAN NIN 7.3 8.6
TEHNP MEAN DAY 18. 4 19. 3
TEMP NN NIGHT 12.7 13. 9
VAPOUR PRESS. 88 %1
WIND SPEED 2nM 0.9 1.0
SUNSHINE E3 72 70
TOT RADIATION 431 482
EVAPUTRANSP. L L)

TYPE OF GROWING SEASON :

DRY DAYS : 161

GEASON NR 1

# STATION . DEBRE MARKOS

* LAVITUDE:

MAR APR
30 &7
17. 3 17. 6
235.0 24.0
9.9 10. 4
20. 3 20. 2
1.9 13.1
10. 2 10. 9
1.0 1.t
o1 &9
443 26
114 118

INTERM. DAYS : &4

SEASON BEGINS ON 3 APR.
BEGIN HUMID ON 22 MAY
HUMID PERIOD (141 DAYVS) ENDS ON
END OF SEASON ON 24 OCT.
TOTAL LENGTH OF GEAHGON. IS 203 DAYS

COUNYRY

PRECIPITATION
TENP. AVERAGE
TEMP MEAN MAX
TENP FREAN MIN
TEMP MEAN DAY
TEMP MN NIGHT
VAPOUR PRESS.
WIND BPEED 2M
SUNSHINE X
TOT RADIATION
EVAPOTRANSP

TYPE OF OROWING SEASON .

DRY DAYS . 234

SCASON NR t

ETHIOPIA
JAN FEB
a2 42
19. 4 20. 0
27.3 27.1
11.3 12.8
22.3 22. &
16.0 17. 4
13.1 13.3
Q.9 1.0
73 as
440 326
9 102

INTERM. DAYE

“EASON BEGCINS ON 19 FEB.
BEGIN HUMID ON 28 FEB.
HUMID PER1IOD ( 34 DAYE) ENDS ON
END OF SEASON ON 21 APR.
TOTAL LENGTH OF SEASON IS 62 DAYS

SEASON NR 2

SEASON BEGINS ON 29 JUNE

BEGIN HUMID ON
HUMLID PERIOD ( 37 DAYE) ENDS ON 30 AUG
END OF BEASON ON

- rn T Ak

7 SEP.

a B AN Tab AN ENE A DR R

e - e

M

17.
3.
10.
19
14
11.
0.

4
1

9 OCT.

AY

90
1
)
3
9
&
9

7
48
41
04

10. 21

JUN

15. 2
21.0
9.3

17.3
13. 0
11.9
3

140

® ETATION : ALANATA

®  LATITUDE:

MAR AP
193 ]
21.3 21.
29. 9 29.
13. 3 13
24.4 24.
18.8 19.
14. 1 14
1.0 1.
77 7
936 34
131 13

S JULY

NMAVED

mre ] OND O

1
4
[}
3

2 APR.

12201

JUN

a9

® LONGITUDE :

JUL AUO
299 297
14.3 14.2
18.7 16. 8
2.9 9.6
19. 9 13.0
12.7 12. 4
14.2 14.1
0.6 0.9

19 13
a3 309

79 79

NORHMAL GROWING SEASON (WITH DRY PERIOD)
WEY DAYS .

L]

® LONGITUDE :

JUL AVQ
159 180
23. &6 22. 4
31.9 29.7
13. 6 19.0
26 4 29.0
20. 6 19.9
21.0 20.9
0.6 0.9
o2 53
437 463
122 117

NORMAL CROWING SEASON {(W1TH DRY PERIOD)
42 WET DAYS

NUMBER : 63334

NUMBER : 63339

39. 41
SEP

3
22.
a0.
14.
29.
19.
16.
0.

a3

440

CWICSPINN

37.43 @ ELEVATION : 2440 MET.
acy NOV DEC YEAR
76 26 193 1341
14.9 14.8 14. 0 \3. 6
2.9 a2 22.9 42. 3
a4 7.4 b7 09
17. 1 17. 4 17.7 7.9
12.3 11. 9 11. 6 13.1
11.0 9.8 8.8 11.3
1.0 0.9 0.9 0.8
63 &% 71 31
448 431 433 425
99 84 T 1110

o ELEVATION : 2200 NMET.
ocT NOV LEC YEAR
17 1] N a4l
21.6 20. 4 19.3 21.9
29. 9 28. &6 7.1 29. 9
13.2 12.1 11. 4 13. 7
24.3 23.3 22.0 24.7
16. 2 17.0 16. 1 18.8
14.2 12.7 12.2 191
1.0 0.9 0.9 0.8
a3 (1] 83 73
930 4846 4359 498
126 103 93 1419

118



COUNTRY

PRECIPITATION
TEMP.  AVERAGE
TEMP MEAN MAX
TEMP MEAN MIN
TYEMP MEAN DAY
TEMP MN NIGHTY
VAPOUR PRESS.
WIND 8PEED 2M
BUNSHINE X
TOT RADIATION
EVAPOTRANSP

TYPE OF QROWING SEABON :

DRY DAYB : 168

SEASON NR 1

ETHIOPIA
JAN FED
e 12

*9 0 29 2
37. 8 368. 4
18. @ 20. 0
1.6 2.9
24. 6 26. 0
17. 4 17. 86
1.3 1.3
73 &3
4468 474
1956 160

INTERM. DAYS .

SEAGON BEGINS ON 22 APR.
BEGIN HUMID ON
HUMID PERIOD (149 DAYS) ENDS ON
3 NOV.
TOTAL. LENOTH OF S8EASON 1868 198 DAYS

END OF BEASON ON

COUNTRY

PRECIPITATION
TEMP AVERAQE
TEMP MEAN MAX
TEMP MEAN MIN
TEMP MEAM DAY
TEMP MN NIOHT
VAPOUR PRESS

WIND 8PEED 2
SUNSHINE x
TOT RADIATION
EVAPOTRANSP .

TYPE OF QROWING SEASON

DRY DAYSB . 179

BEASON NR 1

SEASON BEQINE ON 30 APR
BEQIN HUMID ON

ETHIOP 1A
JAN FEB
6 9
27. 3 29.2
36. 3 38.0
18. & 20.9
30.7 3R 4
24.2 246. 3
16. 9 17.9
1.3 1.9
73 64
448 470
133 160

INTERM. DAYS

9

8 MAY

N
. - ” h A
VuDassuorw

-
NSsL
D@

JUNE

67

® BTATION : GAMBELA

& LATITUDE:
APR MAY
68 163
2.7 a7. 4
37.3 4.9
22. 12 20. 2
2.4 aa. e
a7. 0 24. 08
21.3 a2. &
1.2 1.9
39 36
404 398
1469 146

3 OCT.

148

® BTATION :POKD

® LATITUDE:

APR

HUMID PERIOD (120 DAYH) ENDS ON
2 NOvV
TOTAL LENGTH OF BEASON 18 187 DAYS

END OF SEAGON ON

MAY

2 OCT.

e LONOITUDE

NORMAL OQROWING SBEASON (WITH DRY PERIOD)
WET DAVYS :

® LONOITUDE :

e 13

JUN JUL
139 197
26.9 23. 9
2.6 1.2
20. 4 19. @
2.7 27. 3
24. 3 23. 4
24. 2 23. 8
1.3 1.3

33 33
J80 374
121 117

119

NORMAL OROWING SEASON (WITH DRY PERIOD)
WET DAYD

AVO

2
6.
J1.
20.
280.

AUO

177
Q9.
3t.
19.
az.
23.
24,

1

19

N4

11t

R RN N N R

NUMBER : 43377

34.39 & ELEVATION : a80
aEr ocT NOV DEC
177 113 %0 13

as. 7 27.0 2.1 av. a
e N Ja. ¢ a3. 6
20. 3 20. 3 19.2 10.0
8.9 29.95 20.9 3.2
24. 3 24.0 aad. 9 a9
24. 9 22. 9 20.) 19. 0
1.9 1.9 1.9 1.3
40 93 62 73
407 439 440 439
1286 14} 132 140
NUMBER : 42378
34.23 # ELEVATION @ 940
8EP acr NOV DEC
170 106 47 11
2.9 27.0 26.7 27.0
1 3.0 34. 0 %7
19. 6 0.2 19 4 10.2
20.1 9.4 29.0 20.1
23. 9 24. 4 ad e 23. &
2.7 2a. 9 21.0 19. 6

1.9 1.9 1.9 1.3

< | J 33 &2 73
404 429 440 499
129 141 137 142

MET.
YEAR

1327
ar.
a4,
20.
0.
29,
at.
i
49
423
1707

20N MEY

YEAR

~-22888
SPBONNG

e
XY



COUNIRY ETHIOPIA ® STATION : OOGELCHO
* LATITUDE: 8. 04
JAN FEB MAR APR MAY JUN
PRECIPITATION 12 47 44 a3 41 72
TEMP AVERAGE 18. 3 19. 4 20. 2 20. 9 20.7 20. 2
TEMP MEAN MAX 246 2 2b6. 6 27. 4 20. 9 20. 6 27. 0
TEMP MEAN MIN 10. 3 12. 1 12.9 13. 2 12.8 13. 4
TEMP HEAN DAY 21. 1 22.0 22. 0 23 & 239 22. 6
TEMP MN NIGHT 13.9 16. 9 17. 6 18. 2 17.9 17.7
VAPQUR PRESS 10. 9 10. 8 11.8 12 4 12. 9 14. 9
WIND SPEED 2M 1.3 1.0 1.0 o8 0.9 1.3
SUNSHINE % ae 79 70 63 o1 61
TOT RADIATION 303 224 320 301 484 474
EVAPOTRANSF. 112 107 127 123 123 118

TYPE OF GROWING SEASON
DRY DAYS . 217 INTERM. DAYS : 76

SEASON NR 1
SEASON BEGINS ON 30 MAR
END OF SEASON ON 30 APR
TOTAL LENGTH OF SEASON [S 32 DAYS
SEASON NR <
SEASON BEGINS ON 7 JUNE
BEGIN HUMID ON 1 JULY
HUMID PERIOD ( 73 DAYS) ENDS ON
END OF SEASON ON 2 0Cv.
TOTAL LENGTH OF SEASON IS 118 DAYS

11 SEP

STATION : ZIWAY

COUNTRY : ETHIOPIA *

® LATITUDE: 8. 00

JaN FEB MAR APR MAY JUN

PRECIPITAYION 19 N 29 46 (.13 79
YERP. AVERACGE 18. 7 19. 8 20. 2 20. 2 19.7 20. 1
TEMWP MEAN RAX 23 4 27. 1 27.7 20 2 27.7 27.3
SHP MEAN MIN 1L 9 12. 3 12. 6 12. 2 11. 6 12. 8
TEMP MEAN DAY 21.1 22. 4 22 9 23.1 22. 3 2.7
TEHMP HN NIOGHT 163 17.3 17.9 17. 4 16. 8 17. &
VAPOUR PRESS. 13.3 13.7 13. & 146. 1 16. 9 16. 7
WIND SPEED 2™ 1.3 1.0 1.0 [ 3 : ] Q.9 1.9
SUNSHINE % 77 78 73 72 &9 (-]
TOT RADIAVION 469 499 o913 ne 496 482
EVAPOTRANSP. 7?0 L 44 120 113 113 113

TYPE (F CROWING SEASON

DRY DAYS : 207 INTERM. DAYS : 77 WET DAYS : @1
BEASOI! NR 1
SEASON BEGINS ON 1| MAY

BEGIN HUMID ON 1 JULY

HUMID PERIOD ( B2 DAYS) ENDS DN 20 SEP.
END OF BEASON ON & OCVY
TOTAL LENGTH OF SEASON 19 139 DAYS

% LONGITUDE

JUL L
132 118
19.9 19.2
24. & 24.2
14.3 14. 1
21. 3 21.0
17.9 17.2
17. 2 17.6
1.1 1.0
41 47
403 433
101 103

NORMAL GROWING SEASON (WITH DRY PERICD)
HET DAYS : 72

@

* LONOGITUDE :

JUL AVO
123 110
19. 3 19. 1
3.1 24. 6
13.9 13. &
21.9 21. 1
17 4 17.0
17.7 17.3
11 1.0
37 33
441 442
100 99

NORMAL GROWING SEASON (WITH DRY PERION)

NUMBER : 43440

i 39.02 » ELEVATION

8EP

a9
10. 0
24. 4
13. 1
20.8
16. &6
16. 9
0.7

44
422

9a

NUMBER : 43441

30. 43

SEP

%6
19.0
23. 1
12. 8
21.1
14. 6
17. 1

47

410

1

ocT

a
19.2
26. 2
12. 4
21.0
16. &6
14.3

0.0

71
304
111

)
ocT

a7
19. 1
3.8
12.3
1. 4
16. 4
14.1
0.8
72
492
104

NOV

1
17.
9.
10.
20.
19.
10.
1.2
80
301
108

-0 F N R R

ELEVATION

NOV

10.
23
12
a1.
1.
19,
|
a2
493
97

NNROLND L

1800 MET.
DEC YEAR
. 689
17.9 19.3
26.2 26.3
8.8 12.3
20.6 21.8
14. 1 16. 7
L 'Y 13 3
0. ¢ 1.0
78 &4
72 478
100 1331

i 1640 MET.
DEC YEAR
1 642
17. 4 19.2
2. 4 26. 2
%0 12. 4
20. 4 21.8
14. 6 16.8
12. 9 16. 1
0.9 1.0
82 &9
472 477
L7 1240

- Lg -
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.. INTR . ETH. .. .A & 31ATIOUN  HARENR
# LATITUDE: 912
JAN FEB MAR APR MAY JUN

PRECIPITATION 13 30 33 97 126 99
TEMP  AVERAGE 18 & 20. 0 20 & 20. 0 20. 1 19.1
TEMP MEAN MAX 24 2 26 1 26 & 23 1 23%. 9 24 1
TEMP MEAN NMIN 12 6 13.9 14 3 14 9 14.7 14.0
TEMP ™MEAN DAY 20 3 22. 2 22. 7 21 86 2W. 0 20. 9
TEMP HMN NIGHTY 16 4 17 9 18 3 18 2 18 2 17.2
VAPOUR PRESS 11 68 12 &6 133 14 O 19,1 19 2
WIND SPEED 2M T 0 08 1 0 09 08 1.0
SUNSHINE % 70 &7 62 39 38 33
TOY RADIATION 478 474 468 487 476 449
EVAPOTRANSP 97 99 119 114 113 103
TYTYPE OF QROWING GBEASON NORMAL GROWING SEASON (WITH DRY
DRY DAVYS 149 INTERM DAYS 89 WET DAYS 111
SEASON MR 1
SEASON BEGINS ON 2: MAR

BEGIN HUMID ON 29 AR

HUMID PERIOD ( 34 DAYS) ENDS ON 1 JUNE

BEQGIN HUMID ON 24 JUNE

HUMID PERIOD ( 79 DAYS) ENDS ON 10 SEP.

END OF SEASON ON 7 OCv
TOTAL LENGTH OF SEASON IS 20t DAYS

COUNTRY ETHIOPIA ® STATION :DIRE DAWA
* LATIYUDE: 9 36
JAN FEB MAR APR MAY JUN
PRECIPITATION 17 as 92 78 7 23
TEMP. AVERAGE 21 4 22.7 24 & 26 3 27 3 28. 1
TEMP MEAN MAX 28 1 27 3 31. 4 329 33. & 4.6
TEMP MEAN MIN 14. & 16. 0 17.8 20 1 20. 9 21. 6
TEMFP MEAN DAY 23 8 23 1 27 1 28 9 29 9 30. 4
TEMP MN NIOHT 19 1 20 &4 2.3 241 23.0 3.7
VAPQUR PRESS. 13. 8 14 1 133 17 1 16. 0 16. 0
WIND SPFED 2M 1 4 1.6 1.8 2 6 3.0 393
BUNSH INE % 73 69 [-Y.] &2 &7 61
TOT RADIATION 433 466 A04 479 493 460
EVAPOTRANSP 112 118 130 164 1886 191
TYPE OF OROWING SEASON INTERMEDIAYE SEASON
DRY DAYS 306 INTERM  DAYS 3?7 WET DAYS o
SEASON NR ]
SEASON REGINS ON 10 JuLY
END OF SEASON ON 3 SEP

TOTAL LENGTH OF SEASON 19 98 DAYS

® LONGITUDE

JUL

FERIOD)

* LONGITUDE

JUL

AVO

# NUMBER :43470

42.07 & ELEVATION . 18%
GEP acT NOV DEC
74 42 a8 *
18.3 18. 7 160.9 1. 2
23. 2 24 1 23. 9 23. 9
13. 4 13. 2 13.0 12. 0
20.0 20. & 20. & 20. 0
16. 4 16.9 16. 3 16.0
14. 9 12.7 11.1 11. 7
0.8 0.6 1.1 1.6
N 69 73 76
448 479 471 430
101 103 98 99
NUMBER : 43471
41.92 « ELEVATION 1210
SEP acr NOV DEC
o1 14 1?7 L
259 23.1 22 4 21.3
2.3 1.9 29. 4 28. 1
19. 9 16. 2 13.2 14. 9
28. 2 27.9 24. 6 23. 7
23 4 2.4 19. &6 19. &
16. 4 12.7 12. 2 11. 9
27 22 20 1.6
41 (1} 78 a1
466 472 73 469
162 181 134 119



—

o JNTR ETHIuE an ® S1ATION : 1 ICHOD
® LATITUDE: 7. 49
JAN FEB MAR APR MAY JUN
PRECIPITATION 445 az 133 139 101 b
TEMP. AVERAGE 13. &6 14. 4 14. 6 14.6 - 149 14. 3
TEMP MEAN MAX 20 9 2.6 21. 2 202 20.7 20. 6
TEMP MEAN MIN 6 2 7.2 8o 89 %0 91
TEMP MEAN DAY 16. 2 17.0 17.0 16. 6 17.0 16. 7
TEMP 1N NIGHT 11.0 1.9 12.3 12. 6 2.7 12.1
VAPOUR PRESS. 10.0 11.3 12 3 13.3 13.0 129
WIND SPEED 201 1.9 1.3 1.9 13 1.4 1.6
SUNSHINE % 48 97 52 40 22 50
TOT RADIATION 426 440 433 443 449 432
EVAPOTRANSP. 2 aa 101 23 6 9
TYPE OF GROWING SEASON : NORMAL GROWING SEASON (WITH DRY PERIOD)
DRY DAYS : I INTERM. DAYS : 86 WET DAVE : 220
SEASON NR 1
SEAGON BEGINS ON 17 ¢
BEGIN HUMID uN 19 FEB.
HUNMID PERIOD ( 93 DAVB) ENDS ON 18 MAY
BEQIN HUNMID ON 14 JUNE
HUMID PERIOD (137 DAYS) ENDS ON 28 OCT
END OF SEASON ON 27 NOV.
TOTAL LENGTH OF BEASON I8 315 DAYS
-
COUNTRY . ETHIOPIA ® STATION : ABOBO
* LATITUDE: 7. 48
JAN FEB MAR APR MAY JUN
PRECIPITATION 9 40 &9 ®3 139 126
TEMP. AVERAGE 24 & 26. 4 8. 3 27.3 23.1 23.9
TEMP MEAN MAX 33. % 38. 3 38.2 37. 9 3%. 4 33.7
TENP NEAN MIN 14.0 14.3 18. 4 17.0 14.0 16. 0
TEMP MEAN DAY 28 4 30.8 1.9 1.2 . .8 9. 4
TEMP N NIGHT 20. 9 2.2 24. 9 23. 8 .. 4 22.3
VAPOUR PRESS. 14 2 13.1 16. 9 18. 7 19.8 23. 4
WIND SPEED an 1.4 1.7 1.4 14 1?7 1.4
SUNSHINE % 72 &3 i 61 36 < 1.1
TOT RADIATION 469 449 449 493 389 Ja1
EVAPOTRANSP. 144 139 174 166 142 127

TYPE OF GROWING SEASON : NORMAL GROWING BEASON (WITH DRY PERIOD)

DRY DAYS : 131 INTERM. DAYS : 36 WET DAYS :
SEASON NR 4
SEAGON BEGINS ON 10 APR.
BEGIN HUMID ON 3 MAY
HUMID PERIOD ( 27 DAYS) ENDS ON 31 MAY
BEGIN HUMID ON 18 JUNE
HUMID PERIOD (133 DAYS) ENDS ON 28 OCT
END OF SEASON ON 10 NOV
TOUTAL LENGTH OF SEASON IS 2193 DAYS

198

#*  LONGITUDE

* LONGITUDE :

JUL

AVQ

169
13. 6
19. 1

a1
19. &
1.9
13.2

1. -

T}

421

ae

AUG

2%
23. 4
34. 3
16. 2
20. &

?
3

NUMBER : 63444

39.32 # ELEVATION

8sEP

144
13.7
19.2

a1
19.7
11. 6
13.0

1.9

48

437

a8

acTY

103
13. 1
10.7

7.9
10.1
10. 9
12. @

1.4

47

419

as

NUMBER : 463449

34. 24

8EP

229
R4. 2
31.3
17. 1
26.7
at1.9
21. 4

1.7

39

404

126

141

i 2800 NMET.

NOV DEC YEAR
o4 23 1269
12. 6 12. 6 13. 9
19. 2 20. 3 20. 1
3.9 2.0 7.9
14. 9 18. 3 16. 3
10,0 %6 1.9
11.2 10.2 12. 2
1.9 1.9 1.9
o8 73 a3
430 460 437
8o ai 1049
ELEVATION : MET
NOV DEC YEAR
214 <] 1968
9. 4 23. 9 23. 9
3. 4 1.6 34. 9
17. 4 16. 1 16. 1
a8. a 26. & 20. 9
22.3 20.0 2.1
19.9 16. D 19.9
1.7 1.4 1.6
&1 72 49
440 437 422
139 132 1697

- 6§
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COUNTRY - ETHIOPIA e« STATION . JIJIGA * NUHBER : 463473
s LATITUDE: 9 R0 * LONGITUDE : 42 43 = ELEVATION : 1544 NET.
JAN FEB MAR APR MAY WUN JUL AUQ GEP acTy NOV DEC YEAR

PRECIPITATION 13 a3 21 110 124 69 100 163 123 64 23 10 a83
TEMP. AVERAGE 16. 9 17.7 19. 4 20.3 21.0 20. 9 20.0 20.0 20.1 18.3 17.1 16. 9 19.0
TEMP MEAN MAX 27. 2 27. & 29.2 206. 2 20.9 27.2 2. 6 23.8 26. 9 k7.8 az. 1 26.0 27.3
TEMP MEAN HIN 6.3 7.0 993 12.9 13. 9 14. 46 14. 4 14.2 13.3 8.6 7.0 6.1 10.7
TEMP MEAN DAY 20. & 21.3 22.9 23. 1 23.7 23. 2 22.0 22. 1 22.9 a7 20. &6 20. 1 22.0
TEMP tIN NIOHT 13.3 14.3 16. 0 17.9 18.3 18. & 17. 9 17. 0 17.9 14. &6 13. 4 12. & 18.9
VAPOUR PRESS. 11. 9 12.1 12.0 13.0 19. 9 16. 1 16. 4 16. 6 13.8 13. 2 11.3 11. 4 14.0
WIND &PEED 2N 1.9 1.3 1.3 1. 4 1.3 1.9 .3 1.9 1.3 1.1 1.6 2.1 1.4
SUNSHINE % 81 (-] &2 33 &0 31 48 44 a2 &4 73 77 &3
YOT RADIAYIGN 4a7 449 468 472 464 442 432 424 432 473 470 461 443
EVAPOTRANSP 106 103 1x9 123 127 116 110 112 114 113 109 111 1379
TYPE OF GROWING GEASON NORMAL GROMING SEASON (WITH DRY PERIOD)
DRY DAYS . 138 INTERM. DAYS . 133 WET DAYS 74
SEASON NR 1
SEASON BEGINS ON 27 MAR.

BEGIN HUMID O 1 MAY

HUMID PERIOD ( 14 DAYS) ENDE ON 14 MAY

BEGIN HUMID ON 22 JULY

HUMID PERIOD ( &2 DAVE) ENDS ON 21 BEP

- END OF SEASON ON 20 OCT.
1DVAL LENGTH OF SEASON 16 208 DAvYS8
[}
COUNTRY : ETHIOPIA « GSTATION :GOBA ® NUMBER :&3474 8
# LATITUDE: 7.01 o LONGITUDE : 40.00 ELEVATION : 2700 HMET. '
JAN FED MAR APR MAY JUN JUL AUQ 8EP acy NOV DEC YEAR

PRECIPITATION 22 41 &2 i 113 &3 6 118 122 107 &6 16 958
TEMP. AVERAGE 12. 1 12. 9 13. 0 13.8 14. 1 2\3.9 1.7 12. 4 13.3 12.9 11.9 11.9 13.0
TEMP MEAN HAX 20. 1 20.7 20. 9 19.8 20.3 20.9 20.0 19.6 19.0 17.7 10.0 19.3 19.7
TEMP MEAN MIN 4.1 3.1 6.3 2.0 7.9 7.3 7.3 7.1 7.9 7.2 3.0 2.7 6. 4
TEMP HMEAN DAY 130 13.7 16 2 16.0 16.3 16.3 19. 9 13. &6 19.3 14.3 13. 6 14.3 13. 4
TEMP MN NIGHT 93 10. 2 11. 0 1.7 1.9 11. 3 11.3 11.0 11. 1 10. 4 9.0 8.9 10. &6
VAFOUR PREBS. ¢ 0 91 101 11.8 11.9 1.3 12. 2 12.1 11. 9 11. 6 10.3 9.1 10. 9
WIND EPEED 2N 1.1 1.3 1.7 1.1 1.0 11 0.9 1.0 0.9 0.7 0.0 1.0 1.1
SUNSHINE % &7 &2 37 45 47 49 42 41 37 27 30 &b 49
YOT RADIATION 43> 468 473 431 °2v a2b6 403 409 a%e6 348 409 440 423
EVAPOTRANSP a2 a9 108 90 R a9 as a7 a3 76 72 76 1029
IYPE OF CROUWING SFASON . NORMAL GROWING SEASUN (WITH DRY PERIOD)
DRY DAYS 100 INTERM. DAYS @ 73 WET DAYS 189
SEASON NR 1

SEASON BEGINS ON 11 MAR
BEGIN HUMID ON 31 MAR.
HUMID PERTOD ( &0 DAVS) END8 ON 29 MAY
BEGIN HUMID ON 4 VLY
HUKID PERIOD (131 DavI} ENDS ON 11 NOV
END OF BEASON ON 30 NOV.
TOTAL LENGTH OF GEASON 15 24% DAYS




-

{ . cn ¢ _...OPI,. » STauiiuN : DULDULA » NUMBER : 43461
s LATITUDE: .58 » LONGITUDE : 39.11 & ELEVATION : 2940 MET.
JAN FEB HAR APR nay JUN JUL AUG SEP acy NOV DEC YEAR

PRECIPITATION 33 K x) 51 as 43 73 193 179 110 62 23 21 ?13
TEMP. AVERAGE 14. 0 13.7 14.1 1%.0 19. & 14. 4 14.0 13. ¢ 13. 4 13. 2 13.0 12. 9 13.9
TEMP MEAN MAX 24. 6 24. 1 23 2 231 23. 9 25.7 2.9 22. & 1.0 22.2 24.0 23 & 4.0
TEMP MEAN MIN 3.3 3.2 30 4.9 5.2 a1 3.1 .1 4.9 4.2 2.0 21 3.8
TEMP MEAN DAY 17.8 17. 4 18 1 18. 6 19.3 18. % 17.2 17.0 16. 4 16. 4 16. 9 16.7 17.9
TEMP MN NIGHT 10.3 10.0 10. 2 11. 4 11.8 10.3 10.7 10. 6 10.2 9.7 8.8 87 10. 2
VAPOUR PRESS. 7?9 9.7 10.3 i1.8 11.7 11.0 11. 8 12. 4 11.7 10.0 9.7 8.9 10. 0
WIND EPEED 2M 1.9 1.6 [ 'S 1.7 1.9 1.4 1.4 1.2 1.2 1.4 1.8 1.9 1.3
SUNSHINE % &7 &7 99 53 28 36 a3 3a 40 23 58 73 %6
TOT RADIATION 438 47 481 451 441 450 349 7 436 443 448 473 448
EVAPOTRANSP . 21 a9 104 101 111 93 92 o1 1] 91 as as 1123
TYPE OF GROWING SEASON ' NORMAL GROWING SEASON (WITH DRY PERIOD)
DRY DAYS : 176 INTERM. DAYS . @9 WET DAYS : 100
SEASON NR 1
SEASON BEGINS ON 18 MAR.
END OF SEASON ON t MAY
TOTAL LENGTH OF SEASON IS 4% DAYS
SEASON NR 2
SEAGON BEGINS ON 23 JUNE

BEGIN HUMID ON 22 JUNE

HUMID PERIOD (101 DAYS) ENDS ON 30 SEP.
END OF SEASON ON 24 OCT.
TOTAL LENGTYH OF SEASON [S 138 DAYS

COUNTRY ETHIOP1A *« STATION :S0D0O *  NUMBER : 43484

* LATITUDE: b6 .50 e LbNOITuoE i 37.43 s ELEVATION : 2020 MEY
JAN FEB MAR APR MAY JUN JUL AUQ SEP ocr NOV DEC YEAR

PRECIPITATION 29 39 88 147 196 | - 218 187 123 130 42 26 1333
TEMP. AVERAGE 21.2 21. % 21. 4 20. ¢ 19. @ 1e 17.2 17. 4 19.2 20. 1 at.1 21.0 20. 0
TEMP MEAN MAX 29.1 29.7 28.9 28. } 26, 24 22W.0 229 23. 9 27.3 29.2 2%9.0 26. 8
TEMP MEAN MIN 13.3 14.0 13. 9 139 13 ta 12. 4 12.2 12. 6 12.0 13.0 12. 9 13. 1
TEMP MEAN DAY 241 24.7 24.1 23. 4 2: 20. &6 1@ ~ 19. 2 21.4 22. 6 24.0 2d3. 8 22. 4
TEMP MN NIGHY 18.9 19. 1 18. 8 18. 2 17. 16. 9 1 19. 4 16. 8 17.3 18.0 17.8 17. 4
VAPOUR PRESS. 19 & 139 8 16 & 18. 4 17. 8 17.1 1 19.3 18.0 16.7 17.9 14. 4 16. 6
WIND GPEED 201 11 1.2 21 1.9 1.3 1.2 1.1 1.2 1.0 1.1 0.9 0.8 1.2
SUNSHINE % 73 &7 693 &40 S0 48 27 a 44 &2 a0 73 37
TOT RARIATION 479 488 304 488 438 421 347 ara 430 476 310 473 432
EVAPOTRANSP. 116 116 141 120 109 94 a7 9e 99 113 112 109 1312
TYPE OF QGROWING SEAZON : NORMAL GROHING SEASON (WITH DRY PER1OD)
DRY DAYS : 121 INTERM. DAYS : 38 WET DAYS : 204
SEASON NR 1

SEANON BEGINS ON 7 MAR

BEGIN HUMID ON 2 APR.

HUMID PERIOD (207 DAYS) ENDS ON 25 OCT
END OF SEASON ON 6 NQV
TOTAL LENGTH OF SEASON IS 245 DAYS

16 -



COUNTRY : ETHIORIA ® bLIAVIAON : ViRQALED e NUMber . 63400

® LATITUDE: & 435 o+ LONGITUDE : 38.23 e <LEVATION : 1830 PREY
JAN FEB HAR APR nAY JUN JUL AUO SEP acy NOV DEC YEAR
PREC IPITATION 43 37 104 133 143 94 114 136 133 126 87 3s 1214
TEMP. AVERAGE 18.7 19.3 19.8 192 19.0 182 100 183 18.4 118.8 163 1.9 1.8
JEMP MEAN MAX 283 29.0 29.0 27.2 2.8 233 237 241 2446 228 264 7.9 26.9
TEWP MEAN MIN 8.9 93 10.4 t1.1 1.1 1.1 122 12° 122 11.7 102 102 11.0
JEMP MEAN DAY 22.2 <0228 =231 220 21.8 208 200 203 204 21.3 a2 A9 1.9
JEMP NN NIGHT 193 139 1466 163 161 136 138 164 161 160 13.2 15. 9 19. 9
VAPOUR PRESS 124 13.4 130 167 169 167 169 164 7.1 194 147 127 19. 4
WIND SPEED 20 1.3 1.3 1.9 1.3 1.3 1.6 1.3 1.2 0.9 0.8 1.0 1.1 1.2
- BUNSHINE % 76 71 &3 &3 &0 53 as as 80 Y- 77 79 61
70T RADIATION 489 302 498 499 473 444 a79 397 445 499 500 474 466
EVAPOTRANSP . 113 112 130 116 112 101 93 " 98 109 103 108 1293
1YPE OF GROWING GEAGON . NORMAL OROWING SEASON (WITH DRY PER1OD)
LRY DAYS . 88 INTERH. DAYS . 94 WET DAYS : 183
£5.ASON NR 1
SEASON BEGINS ON 14 FEB
BEGIN HUMID ON 29 HAR.
HUMID PERIOD ( 66 DAYS) ENDS ON 2 JUNE
BEGIN HUMID ON 29 JUNE
NMUMID PERIOD (119 DAYE) ENDS ON 25 OCT.
IND OF SEASON ON 18 NOV.
VOTAL LENGTH OF GEASQN 1S 276 DAVS
)
COQUNTRY : ETHIOPIA # STATIUN :REDBRI DEHAR ® NUMBER : 42492 ©
o
s ULATITUDE: 6. 40 % LONGITUDE : 44.18 & ELEVATION : 430 HMET. .
JAN FEB MAR APR nAY JUN JUL &U0 6EP ocy NOV DEC YEAR
PRECIPITATION 2 12 4 149 100 s 0 o 13 114 %8 e as?
JEMP. AVERAGE 263 27.3 202 20.0 266 262 262 262 271 264 261 2%.8 26.7
TEMP RMEAN MAX 33. 6 330 3% . 4 34.2 .2 3.1 31.3 31.7 3.0 32.1 2.7 33.9 33.1
JEMP BEAN MIN 187 193 21.0 21.7 209 203 21.0 206 2.2 207 195 18.1 20.23
JEMP MEAN DAY 29.0 301 2308 302 286 283 @280 281 9.2 204 204 203 a29. 0
JEMP MM NIGHT 23 6 24 6 237 237 243 241 242 241 249 242 2.6 22¢ 24.2
VAPOUR PRESS. 183 189 193 227 233 a.1 21.1 204 2.2 231 2.0 184 20.8
WIND SPEED 2N 1.8 1 7 1.9 1.1 1.6 23 3.1 3.2 2.1 1.1 1.2 1.6 1.9
SUNSHINE % 98 a7 ea 82 6 77 68 79 a9 7 as 98 a2
TOT RADIATION ass EYY:) 378 237 491 510 470 934 579 493 820 941 332
EVAPQTRANSP . i63 198 177 153 142 150 160 172 163 139 134 130 1833
IVPE OF GROWING SEASON . NORMAL GROWING SEASON (WITH DRY PER1GD)
DRY DAYS . 267 INTERM. DAYS : @1 WET DAYS : 17
SEASON NR 1

SEASON BEGINS ON 31 MAR.
BEGIN HUMID ON 13 APR
HUMID PERIOD ( 18 DAYS) ENDS DN 30 APR
END OF SEASON ON 27 HAY
TOTAL LENGTH OF SEASON IS8 58 DAVS
GEASON NR 2
SEASON BEGINS ON 30 SEP
END OF SEASON ON 10 NOV
TOTAL LENGTH OF SEASON IS 42 DAYS

. .




COUNTRY : ETHIOPIA

JAN FEB

PRECIPITATION 26 a7
TEMP. AVERAGE 19. 4 20. 1
TEMP MEAN MAX 28.7 28. 8
TEMNP MEAN MIN 10. 1 11. 4
TEM? MEAN DAY 22.8 23. 2
TEMP® MN NIGHTY 16. 1 17. 1
VAPOUR PRESS. 10. 8 t1. 8
WIND 8PEED 2M 1.1 1.2
BUNIHINE 3 74 7
TOT RADIATION 496 a
EVAPOTRANSP, 110 117

TYPE OF OROWING BEASON - NORMAL GROWINO BEAS
INTERM. DAYS :

DRY DAYS : 123

SEASON NR 1

s

BEASON BEGINS ON & MAR.
BEGIN HUMID ON 30 MAR.
HUMID PERIOD ( 44 DAYE) ENDS ON
END OF GEASON ON 23 JUNE
TOTAL LENQGTH OF SEASON I8 110 DAvS

SEASON NR 4

SEASON BEGCING ON 20 JUNE
BEQIN HUMID ON 29 SEP.

HUMID PZRIOD ( 32 DAVS) ENDS ON 30 OCT
END OF GEAGON ON

COUNTRY :

PRECIPITATION
TEMP. AVERAQGE
TEMP MEAN MAX
TENP NEAN MIN
TEMP MEAN DAY
TEMP MN NIGHT
VAPOUR PRESS.
WIND SPEED 2M
BUNSHINE 2
TOT RADIATION
EVAPOTRANSP.

TYPE OF OQROWING SEASON

DRY DAYS . 30
GEASON NR : 1

a8 NOv.
TOTAL LENGTH OF BEASON I8 134 DAYS

ETHIOPIA
JAN FEB
a2 70
16 4 7.2
24. 3 2%.1
83 9.2
19.3 20. 0
13. 6 14. 4
10. 1 t1. 2
t. 1 1.2
a0 78
10 33
103 106

INTERM. DAVYS

SEASON BEQOINS ON 2 FEB.

BEGIN HUMID ON

129

13 MAR.

148

193

®  BTATION :HAGERE MARIAM
* LATITUDE:

APR
180
19.9
24. 4
12. 9
2.0
17.0
14.0
1.9
63
497
122

HUMID PERIOD ( 93 DAYVS) ENDS ON

BEGIN HUMIL ON
HUNID PERIOD ¢ 29 DAVS) ENDS ON 30 AUG.

2 AUG.

BEGIM HUMID ON 24 SEP.
HUMID PERIOD ( 41 DAYS) ENDS ON
14 DEC.
TOTAL LENQTH OF BEASON IS 314 DAYS

END OF BEASON ON

nay

187

18.7
29. 4
11. 9
K.
16.2
14. 4
1.3
83
444
111

1 JUNE

* LATITVUDE:
APR MAY
171 122

172.3 17. 8
23. 4 22. 9
1.2 12.7
199 19. 6
13.1 16.0
13. 2 t4. 7
t.9 1.3
3 ] 90
497 433
111 102

13 JUNE

3 NOov.

9.086 # LONQITUDE :

JUN JUL
&7 62
19.0 17.8
26.3 24. 9
13.9 11.0
21.7 20.2
16.3 13.3
13.8 12. 6
1.2 1.1
37 39
448 3a7
108 102

ON (WITH DRY PERIOD)
WEY DAVS :

94

® ESTATION :QIDOLE

9.37 e LONGITUDE
JUN JuL auo
94 73 104
13.4 134 1D 8@
21.7 208 a1.9
9.0 %9 10. 1
17.6 172.3 17.@
13.0 13,3 137
1222 108 104
1.2 1.1 1.2
62 42 as
444 397 380
94 94 99

NORMAL GROWING SEASON (WITH DRY PERIGD)
WET DAYS

160

AVQ
20
16. 4
21.3
1.9
10.3
14. 6
11.0
1.2
39
3%a
101

* NUMDER :4J3%26

38.19 @ ELEVATION : 2000 MET
aep acy NOV DEC VEAR
79 140 41 as 72
10. 4 1a. 08 10. 4 19.2 18. &
3.7 23.7 a3. 4 2.9 230
1t.0 1.0 10. 8 10. 4 1.3
1.0 21.2 20.7 22.23 as. 2
19. 4 16.1 18.0 1%. 8 13. 9
13. 1 12. @ 1.8 10. 7 12. 3
1.0 1.1 0.9 0.0 1.2
32 87 70 79 39
433 441 482 461 463
109 113 103 107 1336
[
O
w
[
®  NUMBER :42%20
i 37.29 e ELEVATION : 2330 MET
SEP acT NOV DEC YEAR
72 182 74 47 1171
16. 8 16. 9 16. 8 16. 4 16. 7
22. 0 2W. 8 223. 2 23. 9 23. 1
10.8 10. ¢ 10. 4 9.2 10. 2
10. 9 i®.0 19.13 10. ¢ 18. ¢
14. 9 14. 6 14. 4 13. 6 14.0
11.9 13.9 10. 9 10.8 11. 8
1.0 1.1 0.9 0.6 1.2
20 -1 ] 73 a0 &0
443 449 492 498 4464
101 102 97 93 1232



| QTS

COUNTRY : ETHIOPIA
JAN FEB

PRECIPITATION 34 92
TEMP. AVERAGE 20.9 19. &6
TEMP MEAN MAX 256. 8 6.7
TEMP MEAN HMIN 13.0 12. &
TEMP MEAN DAV a3.0 22. 1
YEMP NN NIOHT ig. e 17.0
VAPQUR PRESS. 11.9 11 4
WIND SPEED 2N a9 2 2
BUNEHINE % a0 73
TOY RADIATION 218 827
EVAPOTRANSP . 139 130
TYPE OF GROWING GEABON - NORNAL GROMING
HRY OAYBE . 230 INTERM. DAYS :
SEASON NR

SEASON BEGINS ON 16 MAR.
BEOCIN' HUMID ON

AP
HUNID PERTAOD ( Y0 DAY
END OF SEAGON ON 1
TOVAL LENQTH OF BEAS

BEASON NR

2
GEASON BEGING ON 29 BEP.

BECIN HURNID ON
HUMID PERIOD ( 27 DA

END OF GEASON ONg 26 NOV.
TOTAL LENGTH OF BEAGON Lf 99 DAYS

MAR
70
20. 6
3.2
19. 9
22.3
18. ¥
13. 1
2.0
48
918
13¢

JUNE
oN IG 78 DAVE

& OCT.
v8) ENDB ON 1 NOV.

HAR
74
21.
28.
14
22.
10.
13
1.
22
339
116

"R X §-F X2

COUNTRY : ETHIOPIA
JAN FEB

PRECIPITATION a3 9
TEMP. AVERAGE 0.7 20. 9
TEMNP MEAN MAXN 26. 9 29. 1
TEMP MEAN HIN 12.8 12. 7
TEMP MEAN DAY 23. 9 23. 9
TENP NN NIGHT 18.0 18. 1
VAPOUR PRESS. 14. 2 14t
WIND EFEED 2n 1.9 1.9
BUNSHINE % a9 a9
TOT RADIATION 321 343
EVAPOTRANGP . 110 110
TVPE OF. GROWING BEAGON : NORMAL OR
DRY DAVE :@ 103 INTVERM. DAYS
GEASON NR 1

SEASON BEGINS ON

1 JAN

END OF SEAGON ON 30 JAN.
YOTAL LENCTH OF BEABON 1B 30 DAYSB

SEASON NR

2
SEASON BEQINS ON 2 MAR.
END OF SEASON ON 3! MAR
TOVAL LENGTH OF SEASON 1B 30 DAaYE8

SEASON NR . 3

GEASON BEGCINS ON 21 APR.

BEQCIN HUMID ON

2 MAY

79

® LATITUDE: 4.039 o LONGITUDE :
APR HAY JUN JA AVQ
149 103 16 22 10
19.7 10.2 16. 9 16.3 16.9
a7 .6 20.9 19.7 20. 9
19. 6 14.0 13.3 126 12. 9
at.1 19. 4 18. 2 17.9 18.3
10. 2 17.0 13. 6 13.0 13. 4
17. 0 6.9 14. 8 11.9 114
1.7 1.8 2.3 29 26
&0 a7 27 47 e x }
4084 383 442 410 a7l
13 97 9% 109 1193

&0

ETATION :MEGA

WET DAYB . 7

R.
6) ENDS ON 20 MAY

BTATION :OIDAM

3

LATITUDE:

APR nAY JUN

26 190 381
2..0 20. 9 19. 2
28. & 26.0 ad. 2
13.3 12. 1 13. 2
23.7 23.9 21. 4
18.3 17.9 17.0
16. 4 18. 8 18. 2
1.9 1.9 1.3

[} 41 a7
494 411 » J68
129 113 94

WETY DAYS8

HUMID PERIOD (184 DAYS) ENDS ON 1 NOV
11 NOV

END OF BEASON ON
TOTAL LENGTH OF 8F.

&

30N 1S 205 DAYS

GEASON (WITH DRY PERIOL)

JUL
273

17.
a.

13

19.
16.
16.

[

[ R- N-E 3]

al
348
90

OWING SEASON (WITH DRY PERIOD)
163

AYO
143
19.7
232.0
16. &
20.9
18.3
1.3
1.3
19
314
a9

8% & LONGITUDE :

NUMBER : 43948

8. 20

SEP
1 3}

| N
22.9
129
19.7
16.0
14. 1
293
&4
49a
117

acy
120
18.2
az2.0
14. 6
19. 6
16. 9
16.0
1.0
a
442
107

MUMBER : 63360

J4.39 »
8EP ocT
234 190
18. 1 19.3
a3 o 23.3
13.2 13. 2
19. 8 21. 4
16. 2 16. 9
16. 2 16.8

1.3 1.3

43 %8
418 493

97 107

ELEVATION : 3219
NOV DEC
74 1
18.3, 20.4
22.8 0.4
14.0 19. 1
20. 23 2.2
17.3 16. 4
13.0 14. 6
1.7 1.0
&6 63
479 434
106 114
ELEVATION : 2040

NOV DEC
41 4
19.9 19.0
26.2 26. 4
13. 6 13. 2
2.1 22.1
17 - 17. 2
16. + 14. 9
1.3 1.9
63 73
441 492
100 103

MET.

YEAR
473
18.7
a2
14.2
20.3
17.0
12.9
a
o8
440
1376

- %6



I.

3.

2.
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Vaccifne Refrigerator pilot project

Terms of Tender

a) The contractor shall provide 6 mumber solar
powered refrigerators for the EPI pilot
project to be located at the following sites

“ (see attached meteorological data).
Site Nearest Radiation F.A.0. Index No.
Site

ADDIS ABABA Addis 63450

IJAJI - Bako 63357

BUTAJIRA ' Butajira 63439

EFFESON Robit 63346

EWASA Awasa 63460

ASAB Massawa 63023

Specify both f.o.b. and c¢.i.f. Addis Ababa rates.

b)

The systems should be complete with refri-
gerator, solar array and batterv bank, and
capable of operation under the given radia-
tion and temperature parameters. The svstem
.5hould be sized for 3 - 5 day '"no sun"
scenario.

Warranties and guarantees on the system as
a whole and individual components thereof
(if different) should be clearly stated.




d)

e)

- 96 -

The refrigerator capacity is to be of a minimum
of 40 - S0 litre vaccine refrigeration at WHO
specified vaccine storage temperatures and to
include an ice making capacity of 2 Kg/24 hours.

The manufacturers representative will install
the units and train EPI technicians in in-
stallation procedures, and conduct on site
training in all aspects of maintaining the
systems. In-country transport will be provided
by Ministry of Health/EPI and exnected
duration of dutv is 3 weeks.

Specify lump sum cost of engineer's services.




COUNTRY : ETHIOPIA « STATION :ADDIS ABABA (QBS.)

* LATITUDE:

JAN FEB MAR APR MAY

PRECIPITATION 18 a8 &3 as 87
TEMP AVERAGE 13.3 16. 4 17. 4 17. 4 17. 9
TEMP NEAN NMAX 22.9 <3 9 29. 4 23.8 24.95
TEMP REAN HIN 7.7 89 10. & 11. 0 11. 2
TEMP MEAN DAY 18. 1 19.1 19.9 19.7 20. 2
TEMP MN NIGHT 12.7 13.8 15 0 19. 2 139.9
VAPCUR PRESS. a7 91 7 111 10. 7
wIND SPEED 2M Q.9 1.0 1.0 1.1 0.7
BUNSItINE % 74 &7 &3 54 33
10T RADIATION 4466 477 492 448 4464
L SPOTRANSP. 3 93 1139 110 110

TYPE OF GROWING SEASON : NORMAL GROWING SEASON (WITH DRY PERIOD)
WET DAYS

DRY DAYS :@ 147 INTERM. DAYS : 99
SEASON NR 1
SEASGN BEGINS ON 4 MAR.

BEGIN HUMID ON 31 MAY

HUMID PERIOD (124 DAYS) ENDS ON 1 OCv
END OF SEASON ON e OCT.
TOTAL LENGTH OF GEABON 1§ 219 DAVE
COUNTRY : ETHIOPIA @ STATION : ALABA KOLITO

e« LATITUDE:

JAN FED MAR APR
PRECIF ITATION 32 a9 98 124
TEMP AVERAGE 19. 2 20.1 20.0 20. 0
TEMP MEAN MAX 27. 6 <08.1 27.7 27 0
TEMP MEAN N 10. 8 12,1 12.3 12. 9
TEMP MEAN DAY 22. 2 23. 0 22.0 2<¢ 2
TEM? MN NiohT 14.3 17.3 17.3 17.9
VAPOUR PRESS. 12.7 12.7 13. 8 14. 7
WIND SPEED 2M Q.17 o9 [V o9
SUNSHINE % 73 73 73 &9
YOV RADIATION 374 304 340 523
EVAPOTRANSP 107 107 126 119

YYPE OF GRUWING SEASON - NORPMAL GROWING SEASON

DRY GAYS 112 INTERM. DAYS & 134
SEASON NR . 1
SEASON BEGINS ON 29 JAN
BEGIN HUMID ON 4 APR
HUMID PERIOD ( 34 DAYS) ENDS ON
BEGIN HUMID ON 30 JUNE
HUMID PERIOD « ©7 DAYS) ENDS ON
Yl b L AGUN 0N LRI |
TOVAL LENGTH OF SEASON 14 &b4 DAYS

(WITH DRY PERIOD)
WET DAYS

7 MAY

24 GEP

e
3

o

-
B T
CRHU=WLmLWEDS

LONGI TUDE
AUG

286
13,
19,
10.
16.
13.
13.

0.

LONGI TUDE

N
NOOCrIDIEON

NUMBER : 63430

38. 45
8EP

190
19,
20.
10.
17.
13.
12.

.
ocT

30
195 4
22.0

8.6
17.7
12.8

9.4

1.0

&9

493

103

NUMBER : 63452

368. 06
GEP

112
18.
as.
12.
21,
16,
16.

ELEVATION : 2408 MET.
NQV DEC YEAR
10 10 1223
14. 8 14.7 16. 0,
2.2 22. 4 2.9
7.3 6.9 §.9
17. 4 17. 4 18. 3
11.8 11. 6 13. 6
a.é6 - -] 10. 6
0.9 0.9 0.6
ad -1 -1
509 484 446
90 as 1150
ELEVATION : 1630 HRET.
NOV DEC YEAR
32 L Q70
16. 2 17. 9 19 0
27.1 27.8 26. 4
9.2 7.9 11.9
21. 3 21. 4 21. 6
14.7 14.0 16. 2
12 1 10. 9 14.0
1.0 1.0 09
a0 76 63
206 471 479
106 103 1277

- Lé -



COUNTRY

PRECIPITATION
TEMP. AVERAGE
TEMP MEAN MAX
TEMP MCAN MIN
TEMP MEAN DAY
TEMP MN NIGHT
VAPOUR PRESS.
WIND SPEED M
BUNSHINE %4
TOT RADIATION
EVAPOTRANSP.

TYPE OF GROWING GEAGON :

DRY DAYS !43

SEASON NR :

ETHIOPLA
JAN FEB
22 36
13. 9 146. 9
22.0 23.7
8.2 9.2
18.1 19.1
13.0 14.0
2 9.0
1.3 1.0
(1) 1)
439 477
99 w7

INTERM. DAYS :

S8EAGON BEGINS ON 26 FEB.
BEGIN HUMID ON 28 JUNE

HUMID PERIOD ( 91 DAYS) ENDS ON 26 SEP.
END OF SEASON ON

COUNTRY

PREC(PITATION
TEMP. AVERAGE
TEMP MFAN MAX
TEMP MEAN MIN
TEMP MEAN DAY
TEMP MN NIGHT
VAPOUR PRESS.
WIND SPEED 2M
SUNSH INE %
707 RADIATION
EVAPOTRANSP.

TYPE OF QOROWING SEABON .

DRY DAYSE . 137

SEASON NR

6 OCT.
TOTAL LENGTH OF SBEABON 18 223 DAYS

ETHIOPIA
JAN FEB
30 92
17. 2 i7. 6
230 23. 1
9.3 10.1
20 0 20. 3
14 9 19 0
12. 2 121
1.3 1.4
73 74
469 306
103 103

MAR

INTERM. DAVS

SEASON BEGINS ON 13 FED.

BEGIN HUMID ON
HUMID PERIOD ( 24 DAYS) ENDS ON 30 MAR.
BEQGIN HUMID ON
HUMID PERIOD (147 DAYE) ENDS ON 27 SEP
END OF SEASON N

TUTAL LENGTH

1 OCT.
GEASON IS 229 DAYS

4

7 MAR.

AAY

9

132

»

STATION : RULUMBA

LATITUDE:
APR MAY
60 92
18. 4 10.3
24.8 24. 4
12. 0 12.1
20.7 20.9
16. 1 16. 0
10. 6 111
06 0.9
30 96
431 469
109 112

GTATION
LATITUDE:
APR MAY
93 120
18. 3 18. 9
23 1 24.7
1.4 t2. 3
20.7 20.7
13 6 16 3
19. 8 16 4
1.1 1.1
&9 -1
924 493
11 109

8. 08

JUN

8
17.
23.
11
19.
19
12

1

20NNV D

.3
%8

463
109

90

8. 07

. BUTAJIRA

JUN

1

17
24,
11.
19
13
16

i

Py

a4

- WONO D>

.0
a3
43

99

169

# LONGITUDE :

JUL

134
16
a1,
11.
18
14.
14.
1.
36
36839
91

~OWONNN

NORMAL OROWING SEASON (WITH DRY PERIOD)
WET DAYS

* LONQITUDE :

JUL

194
146,
22
10.
18.
14.
193

1

42

407

91

O=a30RW0O

NORMAL QROWING GEASON (WITH DRY PERIOD)
WET DAYS

AUG

AUQ

143
16. 2
23.0
10.3
1.2
13. 9
14.2

0.8

43

418

93

»

L

NUMBER ; 63430
29.08 o ELEVATION @ 2600 MET.
- BEP acr NOV DEC YEAR
108 34 16 -4 823
16. 1 14. 8 19. 0 19. 1 16. 6
21. 4 23.0 2. 6 a2. 6 22. 9
10.7 10. 6 9.0 7.9 10.3
18.0 19.0 18. @ 17.7 10. 9
14.0 14. 4 13. 2 12. 1 14. 2
14.3 12.2 8.8 8.2 1.2
0.7 0.6 1.2 0.9 1.0
a4 39 74 79 -1
a8d 461 480 462 440
87 100 97 9 119

NUMBER : 43439
38.27 e ELEVATION : 2100 MET.
GEP acT NOV DEC YEAR
127 ] 4 11 1062
16.7 17.0 16. 6 16.3 17. 2
23.2 2¢. 0 23. 9 4.2 24. 0
10. 1 9.9 9.3 e 4 10.3
19.0 19.9 19.2 19.1 19. 6
14. 2 14.2 13. 8 13.3 14.7
19. 4 13. 8 13. 2 10.7 14.0
0.6 1. 4 1.9 1.6 1.2
42 73 a1 77 63
413 ot 204 469 479
a9 110 9 103 1229

go -
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COUNTRY : ETHIOPIA e SBTATION : BARD BHEWA
& LATITUDE: 9.07 o LONGITUDR

JAN FE® MAR APR MAY JUN JUL AUO
PRECIPITATION 16 a9 &1 49 130 199 aes" 198
TEMP. AVERAGE 19.0 2.1 1.7 22. 4 1.2 19. 6 10.0 10.9
TENRP MEAN RHAX 2.3 29.9 30.9 0.9 20.3 28. 6 2.6 2.9
TENP MEAN MIN 10.2 2.3 12. 9 1.3 14. 1 13. & 13.9 13. 6
TEM® NEAN DAY 23.2 242 24.9 232 2.7 21.0 20.9 Q0.4
TEMP WN NIGHT 16. 6 10. 1 10.7 19. 46 1. & 17. 4 16. 9 16.9
VAPOUR PREBS. 11.8 13.0 12.7 13.0 1. 4 17.1 17.1 17. 4
WIND GPEED 2M 1.9 1.7 1.7 1.6 1.9 1.1 1.2 1.1
SUNSHINE X 70 &7 &0 &4 80 43 23 av
TOT RADIATION 452 477 480 306 446 412 J40 87
EVAPOTRANSP. 121 126 n 190 126 " 92 %

TYPE OF ORWINO. BEAHON : NORMAL QGROWING BEABON (WITH DRY PERIQD)

DRY DAYB : 192 INTSRM. DAVE : 33 WET DAYVS : 128

SEASON NR : 1
BEASON BEJING ON 21 APR.
PEQIN HUMID ON 14 MAY
HUMID PERIOD (139 DAVE) ENDS ON 29 GEP.
END OF BEAGON ON 11 OCT. .
TOTAL LENGTH OF BEASON 18 174 DAYS

COUNTRY : ETHIOPIA ® GBTATION :01MBI ,
# LATITUDE: 9.09 « LONGITUDE :

JAN FEB HAR APR MAY JUN JUL AUO
PRECIPITATION 9 a 34 9 234 349 373 9%
TEMP. AVERAGE 19. 6 21. 4 a2. 2 21.6 20. 4 10. 6 17. 9 18. 4
TEMP MEAN MAX 2.3 28.4 av. 1 20. 9 27.9 24.4 .2 24.4
TEMP MEAN MIN 12.0 14.3 19. 2 14. 6 13.7 12.7 1. 6 12. 4
TENP NEAN DAY a2.0 20.9 24.7 24. 1 23.1 20.7 20.2 20.9
YERNP N NIOGHT 17.3 18. 9 19.7 1. ¢ 8. 1 16. 4 19. 6 16. 1
VAPOUR PRESS. 10. 9 i2.0 12.0 12.9 160.0 17.08 17. 4 10. 4
WIND SPEED an 1.1 1.3 1.4 1.3 0.9 0.8 1.2 0.9
BUNBHINE 3 77 79 33 &7 . 4 a2 23 19
TOT RADIATION 475 16 434 97 416 I 340 ny
EVAPOTRANSP. 106 116 139 133 100 ar asé )

TVPE OF QROWING SBEABON : NORMAL QGROWING BSEASON (WITH DRY PERIOD)
DRY DAVEG : 142 INTERM. DAVE : 20 WET DAYS : 173

BEASON NR : 1
BEASON DEGING ON 19 APR.
BEQIN HUNID ON 29 APR.
HUNID PERIOD (174 DAYB) END8 ON 19 OCT.
END OF GEABON ON 6 NOV.
TOTAL LENGTH OF BEABON 18 204 DAYE

'

#  NUMBER : 463337

37.05 » ELEVATION : 189 (ET.

SEP ocr NOV DEC

1 99 34 16
iv. 1 9.2 110.0 16. 9
2%5.0 27.0 av.o 208
13. 1 11.3 10.1% 9.6
21.2 21.9 @a21.9 a2

- 16.8 16. 1 19. 4

1.2 1.0 5.7 .
40 &4 76 74

407 473 401 492
‘0 123 116 117

2

19. 8

17.2 149 128 11.8
1.7

® NUMBER : 42398

33.47 # ELEVATION : 1870

GEP acT NOV DEC

ave 127 a0 a
18.7 19.7 19.6 0.2
2¢.8 2%6 av.0 27.9
12. 9 13.7 121 1a2. 9
200 21.80 @222 a0
1.3 17.3 16. 6 7.3
17. 9 t6.7 15,0 12.8

0.9 1.2 1.2 1.2

43 29 &3 72

4180 4957 438 449

L L 107 101 104

YEAR

1237
20.0
ar. 4
12. 4
83. &
17. 2
14. 6
1.9
-1
441
1413

MnET,
YEAR

1920
1v.9
2.9
12.2
2a. 2
17. 4
19.3
1.1
5
429
1263

66



COUNTRY . ETHIOPI1A e STATIAN :GGHA THION

s LATITUDE

JAN FED MAR APR MAY
PRECIPITATION ? 11 26 40 131
TEMP. AVERAGE 16 & 17. 4 18. 2 18 & 17 9
TEMP HEAN MAX 231 <4 3 24. 8 9. 2 23. 9
TEMP MEAN MIN 96 10. % 11 9 12 0 11 9
TEMP MEAN DAY 18. 6 19. 9 20 & 21. 0 20. 1
TEMP MN NIGHT 14. 1 13 1 13 9 16. 3 15 8
VAPOUR PRESS 9 3 7 10. 2 12. 0 10. 7
WIND SPEED 2M 1.7 1.8 1.8 1.8 1.7
SUNSHINE % &9 &7 33 56 53
TOT RADIATION 443 472 4460 476 467
EVAPOTRANSP. 103 1046 127 124 120
TYPE OF GROWING SEASON = NORMAL GROWING SEASON (WITH DRY PERIOD)
DRY DAYS : 202 INTERM. DAYS . 22 WET DAYS
SEASON NR 1

SEASON BEGINS ON 2& APR

BEGIN HUMID ON 10 MAY

HUMID PERIOD (142 DAYS) ENDS ON 28 SEP
END OF SEASON ON & OCT
TOTAL LENGTH OF SEASON IS 164 DAYS

COUNTRY : ETHIOPIA » STATION :ROBI1
* LATITUDE. 10. 01

JAN FEB MAR APR MAY JUN
PRECIPITATION 62 164 72 169 124 178
TEMP AVERAGE 20. 3 21. 4 3.2 23 9 <4. 9 27. 2
TEMP MEAN MAX 206. 0 26 6 30.0 30.9 & 37.3
TEMP MEAN MIN 12. 6 14.0 13. 9 16. 8 17.1 17.1
TEMP MEAN DAY 23. 1 24. 1 23 9 - B 27. 6 30.8
TEMP MN NIGHT 17.7 18 9 20. 9 21 4 22. 1 23.9
VAPQUR PRESS. 13. 3 150 13.9 17. 8 16 4 17.3
WIND SPEED 2M 0.9 0.9 1.0 1.0 1. 2 1.9
SUNSHINE 4 73 74 &2 &6l &4 23
TOT RADIATION 436 497 486 495 501 432
EVAPOTRANSP. 100 106 137 133 130 160
TYPE OF GROWING SEASON : NORMAL CROWING SEASON (WITH DRY PERIOD)
DRY DAYS : 127 INTERM. DAYS : 80 WET DAYS : 158
SEASON NR 1

SEASON BEGINS ON 13 JAN
BEGIN HUMID ON 29 JAN.

HUMID PERIOD ¢ 31 DAYS) ENDS ON 28 FED

END OF SEASON ON 10 MAR
TOTAL LENGTH OF SEASON IS 57 DAYS
SEASON NR 2
SEASON BEGINS ON 24 MAR
BEGIN HUMID ON 1 APR
HUMID PERIOD ( 33 DAYS) ENDS ON 1 MAY
BEGIN HUMID ON 2 JUNE
HUMID PERIOD ( 99 DAYS) ENDS ON 8 SEP
END OF SEASON ON 22 SEP
TOVAL LENGTH OF SEASON 1S 183 DAYS
L}

10. 02

141

® LONGITUDE :

JuL
291
14.3
18. 8
10.1
140
12.6
12 7

2

# LONGITUDE :

JUL
199
24 4
a9
16. 8
27.1
21. 3
2

3

AVO
292
23. 9
30. 1
16. 9
3.9
21.0
a

Q

NUMBER : 6334%

38. 14

SEP

144

19. 1
20.0
10. 1
16. 8
13.1
12.3
&

ocTy
e e}
1%. 8
21.9
10. 1
17. 06
13. 6
7
2

ELEVATION :

NOV
20
19. 0
21.2
8.7
17.2
12. 9
a7
2.2
a3
498
102

NUMBER : 62346
ELEVATION : 1300

39.99 @«
SFP ocT
2 42
3. 6 22.7
30. & 30.7
16. 6 14. 6
26. 1 29.9
20. 9 19.9
18. 1 13. 4
0.8 0.9
24 73
439 304
121 129

2%%0

DEC
)
14.0
a1.e
7.8
1
1

~oNN
[ JIN-N*

79
461

DEC
40
19.
20.
11.
2.
16.
1.
1.
77
459
102

OCUNG =00

MET

YEAR
1093
16. 2
a2.1
10.3
16. 3
14.0
10.7
1.7
39
439
1236

MET.

YEAR
14460
23
30.
19
a9.
20.
19

OwN»NRNNO

62
448
1917

00T~



(o]

COUNTRY . ETHIOPIA « STATION : AWASA

» LATITUDE: 7.04 # LONGITUDE :
JAN FEB MAR APR nAY JUN JUL AUQ
PRECIPITATION = 29 32 60 9% 107 L 21 191 124
TEM'. AVERAGE 18. 8 20. 2 20. 8 20.7 20. 1 19. 4 18. 9 17. 6
TEMI® MEAN MAX 28. & 29.1 29.3 26.3 27. 1 23. 7 24. 0 1.9
TEMP® MEAN MIN 90 11.3 12,2 130 13.0 13.1 13.7 13.2
TEMP MEAN DAY 22.3 23. 4 23.0 <3 4 22. & 21.7 20.7 19.1
TEMP MN NICHT 134 171 17.8 17.9 17.% 17.1 169 139
VAPUOUR PRESS 12 4 12.6 14.9 19. 4 17. 4 16. 9 17. 0 1.7
WIND SPEED 2M 1.9 1.9 1.7 1.9 1.9 1.8 1.4 1.4
SUNSHINE A 74 71 69 36 ) 95 36 43
TOT RADIATION 479 500 203 473 473 448 381 414
EVAPOTRANSP. 118 120 142 127 119 107 97 100

TYPE OF GROWING GEASON : NORMAL GROWING BEASON (WITH DRY PERIOD)

DRY DAYS : 131 INTERM. DAYS : 117 WET DAYS 97
BEASON NR 1
SEASON BEGINS ON 286 MAR.
BEGIN HUMID ON 27 JUNE
HUMID PERIOD ( 98 DAYVS) ENDS ON 2 OCT.
END OF GEASON ON 28 OCT.
TOTAL LENGTH OF SEASON 1S 213 DAYS

COUNTRY : ETHIOPIA #» STATION :TEPI
* LATITUDE: 7.05 # LONGITUDE
JAN FEB MAR APR MAY JUN JuL AUG
PHECIPITATION 11 a0 33 46 187 175 239 239
TEMP. AVERAGE 22.2 21.8 22. 2 21. 2 21.9 21.1 21. 0 23.1
TEMP MEAN RAX 30. 2 29. 4 30. 4 28.7 29. 9 20.3 28. &6 20. 1
TEMP MEAN MIN 14.1 14.2 14.0 13.7 13.9 13.7 13. 4 14.0
TEMP NEAN DAY 23.1 24 & 23%. 2 3.9 24. 4 23 8 23.7 23. 6
TEMP MN NIGHT 19. 4 19. 2 19. 3 18. 9 18. 6 18. 4 18. 2 18. 4
VAPOUR PRESS. 13. 8 14. 4 13. 2 146 4 19.9 20. 9 21. 4 21.9
WIND SPEED 21 1.3 1. & 1.8 1.7 1.7 1.4 1.4 1.3
SUNSHINE % 63 57 935 b4 pe - 40 a4 19
70T RADIATION 448 4350 469 303 39 394 374 312
EVAPOTRANSP. 128 123 149 132 116 101 99 91

1YHFE OF GROWING BEASON NORMAL GROWING SEASON (WITH DRY PERIOQD!
DRY DAYS ~ 193 INTERM. DAYS 17 WET DAYS : 1353

SEASON NR 1
GEASON BEGINS ON 23 APR
BEGIN HUMID ON 1 MAY
HUMID PERIOD (154 DAYS) ENDS ON 1 0OCT
ENI) OF SEASON ON 10 ocT
JOTAL LENGTH OF SEASON IS 171 DAYS

-

NUMBER : 63460

38.30
GEP ocYy
133 76

18. 8 19.0
24. 6 26. 2
12. 68 11.7
20. 9 21.95
16. 9 16. 2
16.7 19. 6

1.0 0.9

44 28
423 440

8 107

NUMBER : 63461

3%.19

SEP ocT
199 43
20.7 20.8
7.9 28.3
13.3 13. 2
23.3 23. 4
18. 0 17.9
20.3 18.7
1.9 1.9
40 a1
408 433
103 112

ELEVATION : 1730 MET.
NOV DEC YEAR
20 14 961

' 18.1 17. 8 19.2
27.0 7.9 26.7
9.2 7.7 1.7
21.3 1.4 21.8
14.7 13. 9 16. 4
12.0 10.0 14.8
1.1 1.3 1.4

76 8o 99

493 486 461
107 110 1392
ELEVATION : 1200 MET.
NQV DEC YEAR
22 & 1292
20.6 21. 6 21.3
27.9 29.4 20.9
13. 2 13.8 13.7
23.2 24.4 24.0
17.7 18. 6 18. 9
17.2 16. 8 18. 1
1.4 1.3 1.9

61 &7 48
442 443 422
107 114 1370

10T -



COUNTRY : ETHIOPIA # STATION : ASHARA ®* NUMBER : 43021

&« LATITUDE: 13.17 =» LONQITUDE : 38.55 e ELEVATION : 3323

JAN FE® MAR APR MAY JUN JuUL AUG BEP ocY NOV DEC
PRECIPITATION L 3 10 30 21 41 194 ‘162 14 13 ad B -)
TEMP. AVERAGE 15. 0 19. ¢ 17.3 10. 1 16. 5 18.3 16.7 17.0 16. 9 19. & 14. 9 14.7
TEMP MEAN MAX 22.7 23.7 24.9 29.1 24.9 2%. 2 21.8 22.0 2.2 1.9 21.3 are
TEMP RNEAN MIN 7.2 8t 9.7 11.1 12. 1 12. 2 311.0 11.8 10.8 9.8 ‘8.9 7.9
TEMP MEAN DAY 17. € 186.7 20. 1 20. & 20. 0 2.0 16. & 18.7 19. 2 z\7.7 17. 3% 17. @
YEMP MN NIGHT 12. 4 13. 4 14. 8 19. 7 16. 2 14.3 14.9 14.9 14. 6 13.3 12. 9 $1.7
VAPOUR FRESS. & 7 7.2 7.7 10.3 10.0 9.6 13. 1 13. 2 10.6 10.9 10. 3 a9
wIND SPEED 2M 1.9 1.6 1.7 1.9 2.0 1.9 .8 1.8 1.7 a1 1.4 3.2
SUNBHINE % 93 71 e8 88 92 a7 73 &% 04 93 0T T
TOT RADIATION 471 442 936 %8u 612 289 830 - 910 891 241 479 * 40®
EVAPOTRANSP. 9 99 131 131 141 132 114 113 114 104 * 78 76
TYPE OF GROWING BEASON : NORMAL GROWING SEAGON (WITH DRY PERIOD)

DRY DAYS : 294 INTERM. DAY : 11 WET DAYS : &0
SEASON NR 1
SEAGON DEGINS ON 23 JUNE

BEQIN HUMID ON 30 JUNE

HUMID PERIOD ( &1 DAYS) ENDS ON 29 AUG
END OF SEASON ON 2 BEP.
TOTAL LENGTH OF GEASON 18 72 DAYS

COUNTRY : ETHIOPIA @ BTATION : MAGSAWA ® NUMBER : 43030

. #» LATITUDE: 19.37 » LONGITUDE : 39.27 e« ELEVATION :
JAN FEB MAR APR MAY JUN JuL AUO 6EP ocT NGOV DEC

PRECIPITATION 3o a1 17 14 IS (o} ) 7 k] 19 18 1]
TEMP. AVERAGE 23. 9 25.3 26.7 20. 6 30.8 32.0 349 34. 4 2.9 30. 9 ae. 4 26. 9
TEMP MEAN MAX 208. 3 27.9 29.9 3t. & 33. 6 36.7 7.7 az.e 6. 1 338 N9 a9v. 4
TEMP MEAN MIN 22 7 22 6 23. 9 2%. 7 27. 8 29. 1 3.2 31. 6 29. 9 20. 1 29. 4 23.7
TEMP MEAN DAY 26. 9 26. 2 27.7 a9. 7 31.9 34.3 ad. & 3%. 8 4.1 R.0 29. 9 27. 9
TEMP MN NIOHT 24. 6 24. 4 2%. 8 27. & 29.7 a1.9 33.2 33.9 31.8 a9.8 27.2 a’. e
VAPOUR PRESS 24. O 24. 9 23. 3 268. 3 30. 1 27. 1 26. 9 30. 3 30. 4 28. 7 26.7 2d. 6
WinD SPEED &M 22 1.4 1.9 2.3 20 1.9 1.9 32 2.9 2.3 20 2.0
BUNSHINE x 69 &0 72 a3 78 a2 72 76 ez 81 79 78
TOT RADIATION 380 403 493 368 3959 3469 326 339 8942 496 438 403
EVAPOTRANGP . 1008 99 143 168 184 194 203 228 193 170 129 112

TYPE OF GROWING SBEABON : ALL YVEAR ROUND DRY

DRY DAYS . 3&d INTERM. DAYS [ WET DAYS o

10

MET.
YEAR

VEAR

- ¢0T -



I.3.3.

LIGHTING

This portion of the project is a technical report
on solar lighting systems, designs and cost estimates
for the OPEC funded 50 schools project. A copy
of this section has been submitted to the UNESCO
advisor to the OPEC project as a basis for further
funding. The !'INESCO advisor is also involved in the
World Bank evaiuation for a further 200 schools and
this lighting annex will be included in the evaluation.

Refer to solar powered lighting for schools and
'Basic Development Education Centres', Section C for
specifications, designs, and energy outputs for various
modules in Asosa, Gambela and Metema.
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AREX 11 1. Survey Sumnary SYSTEN
RADIATION STATION Lewcm or BUDGET COST suncet auncer BUDCET ARRAY + EUEPNT
ABGION s1T1® POPULATION s;f._:;" TRACKING ouTRUT P ARRAY FAO INDEX DROP CABLE CABLE PUMP COST MODULE COST STAND COST TOTAL f.0.b.
N —e———
- #6114 5 - $692.23 2776 9015
1236 80a FIXED 15° TILT 9.1 sSP1-28 I x4 METEMA . $ .30 $1100 $1)581.35
COMDER  METEMA Villasge £ 1 Soueh
" FIXED 20° TILT 9.0 - . " " d $1100 $1358).55
South
FIXED 15° TILT a-1 " " " " " $1100 $1338).8%
North
DOUBLE AXIS 12.6 " " " " " Manually too $13583.55
. complicated
HORIZ(N-S) AXIS 12.2 .
(LIMIT ANGLE 30%) . ” " $2200 $14503.53
HORIZ(N-S) AXIS 11.9 . "
(LIMIT ANGLE 43°) " $2176 $9015.30 $2200 $14683,33
XTBA ¥iilage § 2 1100 50 FIXED 15* TILT  19.1 $P2-18 7 x &4 HSS NETBRMA # 63314 I%e $323.0% $i589 49013.30 $1100 $13027.38 .
i $323.0% 2 19, .
) Son YORIZ(N-5) AXIS  23.2 " " 2% . $2589 $50:4.3) $2200 $14127.38 E)
viitege ¢ 3 1o s2a FIXED 15° TILT 1846 - " “ s0m 461,30 82399 $9015.3%0 #1100 9131¢5.00
HETENA s2e HORIZ(N-S) AXIS  28.3 " " 30m $461,50 92389 $50'3.3% $2200 $14265.80 ¢
METEMA 04, KOBIT 1079 10m PIXED 15° TILT 9.4 SP1-28 7 x A MSS METHHA 85» $784.33 $227¢ $9015.30 $1.00 $13675.05
- “ 10w NORIZ(N-S) AXIS 12.2 SP1-28 " (1™ $784.53 2776 $9015.30 42200 $14775.8%
axm 554 17a PIXED 15° TILT  62.1  SP8-4 7 x 4 M35 METEMA 27 9249.21 12539 49013, #1100 $12903.5)
" 17 HORIZ(N-S) AXIS 58.2 SPB-4 7 x 3 NSS 21m 249,21 92539 $6761.48 $1650 $11199.49
. " “ 81.2  spa.4 7 % & HSS 2 $249.21 ¥2339 $9015.30 $2200 $14003.57
JOUANNES FETEMA 1500 41.0:  FIXED 13° TILT  22.5 SP2-18 7 x & M53 METRMA ASe $369.20 92543 $9015.30 st1oc $13028.30
41.0:-  HORIZ(N-S) AXIS 29.0 SP2-18 7 u 4 M33 - 4%m $369.20 $2543 $6761.49 $16%0 $11325.68
SHEMDI 1RRICATION 22m FIXED 15° TILT 45.%  SP4-8 7 x A KIS 40m $369.20 $2845 $9015.30 $2200 $14129.5%0
" HORIZ(N-S) AXIS 46.6  SPA-B 7 % 3 M8 40m $415.35 $2589 $9015.30 $.100 $13075.65
" " " $1.8  SP4-8 7 x & NHSS 40m $415,33 $2509 $9018.3¢ $2200 $14219 63
I GUBA 90m FIXED 15° TILY 8.5 SP1-28 7 x 4 M55 METEMA 100w $92).- $2776 $9013.30 $1100 $13814.30
HORIZ(N-S) AXIS 11.0 SPi-28 7 x & 100w $923.- $2776 $9015.30 $2200 $14916,10



REGION SYTE POFULATION
TLLURABOR WARA ABOL OR 5 1 950
FINKAD VILIAGLES " 118
5. 64 ) 7 ;10
UBALA Village #6 800
UBALA Village 1-3 1500
SHEWA OCOLOD - ARMRRA 3500
GAMYS GEBELE BUNO No 1
GOFA
CARDULA No 2
(CUMAIDL)
WACHYGA BUSHA a) Existing Diatr
000
b) On Potnc Discy
WARERGEZ HASSENE 2-2500
“
HADEW 1500
ELAMHAR 1000 +
Scasonal
viariation
SHINTLE- INHICR/RCC 3000
WELL
SHIMILE 000

SYSTEM
HEAD

50m
30m
86
8¢
50n
bh)
b)Y
3
35
35
55
35
80
80
60
60

80w

46
1
50
S0

3

R

3

TRACKLING

OQUTPUT  PUMK
ul

VST

FIXED 15° TILT
HOWLZ(N-5) #XIS
FIXED 15° TILT
WORIZ(N-S) AXIS
HORIZ(N-S) AXIS
FIXED 15" TILT
WORIZ(N-S) AXIS
" "
FIXED 15° TILT
NORTZ(N-S) AXIS
FIXED 15* TILT
HORIZ(N-5) AXIS
FIXED 15° TILT
HORIZ(N-S) AXIS
FIXED 15° TILT
HORIZ(N-S) AXIS
FIXED 15° TILY
HORIZ(N-S) AXIS
FIXEC 15%° TILT
HORIZ(N-S) AXIS
FIXED 15° TILT
MORIZ(N-5) AXIS
FIXED 35° TILY
HORIZ(N-S) AX1S
FIXED 13° TILT

HORIZ(N-5) AXLS

16.6
1.8
7.4
9.8
17.¢6
2.8
3.
4.2
16.9
22.8
16.9
22.6
8.7
11.5
142
19.6
9.2
12.0
20.2
26.)
18.3
4.2
30.9
40.6
3.0

30.7

spP2-18
SP2-18
SPi-28
SPI-20
sP2-10
SPe-8

$P4-8

SPA-

se2-18
sr2-18
sP2-10
sP2-18
sPi-28
sSPl-20
sP2-18
SP2-18
SP1-28
EP1-28
sr2-18
SP2-18
sP2-18
SP2-10
SPA-8

SP4-8

sr2-18

£p2-18

RADIATION STATION LENGTH OF

ARRAY FAO INDEX DROP CABLE
]
7T x & GAMBELLA # 63377 60m
? x4 " 60un
7 x4 ABOBO # 63445 90m
T x b 90m
T x4 ABORO # 61443 60m
Tnb OOOLl‘MA # 63440 [} 3
Tx}d " " (31
Txd " " Al
Tnd GIDOLE  # 63528 33s
?x 4 GiboLE * 3%
T x4 GIDOLR " 30w
7T x4 GlpoLe " 38w
x4 5000 P 63484 S5m
Txd " " S5a ,’
Tud " " 35w
Tx 4 " " 3%n
T x 4 HARER 8 63470 75a

- " " 75w
7x 4 JIJIGA 8 63473 30m
T x4 " " 30um

" JIJIGA " Sém

" " " Sém

" DIRE DAWA # 63421 40m

* " " A0m

" " " 40m

" " * A0m

BUDGET COST sUDGET WOCET BUDGET ARRAY muIneNT
casLt PUNP COST KIDULE COST STAND COST TOTAL £.0.5.
$533.80 $2589 $9015.30 $1100 $13235.10
$353.50 42589 $9013.30 $2200 $14338.10
$830.70 $2176 $9013.30 $1100 $13772.00
$830.70 $2)76 $9013.30 $2200 $14822.00
$533.80 $23589 $9015.30 $2200 $14338.10
¥415.33 $2343 $9015.30 #1100 $15073.63
841538 91543 761,48 $1650 $11371.8)
$415.3% 82548 $9015.30 92200 §14173.63
448919 82589 #9013.30 $1100 $13193.49
989,19 s2389 $9013.30 $2200 $1429) 49
$333.34 s2389 99015.30 #1100 $13239.64
9328.34 s2309 99015.30 $2200 $14379.64
$507.63 §2776 $9013.30 41100 $13598.9%
$307.63 $2776 $9015. %0 42200 slase
$307.65 42589 $9015.30 0 $13211.95
$507.6% $2589 $9015.30 $220C $14211.93
$692.23 922776 $9013.20 $1100 $13503.59
$692.23 $2776 - $2200 $14683.93
$461.50 $2389 " 11100 $13163.80
$461.50 32589 . $2200 $14265.80
$498.42 $2389 o $1100 $13202.72
$498.42 $2389 ” 92200 $1402.72
$369.120 92543 . $1100 $1%029.50
$369.20 $2343 " $2200 214129.50
$169.20 $2589 " $1100 $13073.30
$369.20 $2389 " $2200 $1417).%

80T -



L ION

VARG
{Contii. )

$1DAMO

St1E

SHINILS

GAD

HILE

HARTUA

WARDER WELL ¥}

(Note open wel!)

VARDER ¥ 2LLS 2 +

PHD YEKAA No t

&i. LEY Mo )

ZL COFA Mo 2

MELBANA No 1

MELBANA No 2

POPULATION

1000 +
Nursery

1000

1500 +
Seasonal
Varisction

<000

2600
+ 1000 cactle

Seasonal

Seasonal
$200 + 20,000
cattle

Seasonal
Small Perma-
nent Settlenent

2000

2000

SYSTDY

iy TRACKING WTRUT v AMAY o DROP CABLE MUDGET COST T HoOULe CosT e oosT L.
2 FIXED 15° TILT 33 SPa-8 LR DIRE NAWA  # 63471 4Un $369.20 $2543 $9015,30 $1100 $13029.50
22 HOR1Z(N-S) AXIS  43.3  SP4-8 " " " “ “Om $369.70 $2545 " $2200 $14129.30
58 FIXED 15* TILT 16,1 sp2-18 " DIRE DAWA " 83m $784.59 $2589 " $1100 $13488.03
s8 JORIZ(N-S) AXIS  21.2  5r2-18 " " b " 85m $784.%5 42589 " $2200 $14388.85%
0 FIXED 15° TILT 3.1 sps-8 " " " " bEL) $321.0% $2545 " $1100 01290333
30 HORIZ(N-S) AXIS 43.9  SP4-8 " oo " b1} $323.08 82545 " $2200 $14v83.3
61 FIXED 15* TILT  13.0 SP2-18 " DIRE DAUA o 10w $646.10 2389 " $1100 $13350.40
61 WORIZ(N-S) AXIS  20.0 SP2-18 ” oo " 10m $646. 10 92589 " $2200 $14430.40
2 FIXED 13° TILT  45.1 SP4-8 1 x4 KEBR1 DEHAR 63492 30w $276.90 92545 #9013.30 #1100 $12937.20
24 HORIZ(N-S) AXIS 38.3  SP4-8 7 x4 " " " 0w $276.90 $2245 $90:15.30 §2200 414037.20
" FIXED 13° TILT  45.1 SP4-8 " " " " 30m $276.90 $2348 $9013,30 $1100 912937.20
" HORIZ(N-S) AXIS 58.3  SP4-8 " . N " 30m $276.90 $2%43 $4115.30 $2200 $14032.30
111.5  FIXD 15° TILT 6.4 3P1-20 " MECA #63545 1= $710.74 $2776 $9015.30 Mo 02,00 |
1.5 HORIZ(N-S) AXIS 8.7 SPi-28 " o M mo.n 82176 99015.30 2206 $4702.01 \'8
80.0  FIXED 15° TILT 8.8 sri-28 MECA 70m $719.94 $2776 $9015.30 $1100 13611.24 i
80.0 HORIZ(N-S) AXIS 11.8 SP1-28 " " " 9m $719.94 $2776 $9015.30 92200 AN 24
28.0  PIXED 15° TILT  36.3  SP4-$ 7x4 MECA " kE1) $32).08 92545 $9015.30 01100 $12993.33
28.0  HORIZ(N-S) AXIS J6.4  SPA- 72 " ' 11 9321.08 2948 - $6761.48 $1630 $11279.9) |
8.0 "o 48.1  SP4-d 1a4 " " L $323.08 $2343 $9013.30 #2200 914083.35
$0.0  FIXED 15° TILT 18.4 sP2-18 T x4 MEGA " ASm 3415.38 $2589 $9015.30 #1100 $13119.65
50.0 IORIZ(N-S) AXIS  24.5  SP2-I8 v " " 45m $415.2% $2589 $9015.30 $2200 $14219.63
$0.0  FIXED 13° TILT  18.4  SP2-18 . Weca " ssm $507.65 82589 $9015.30 $1100 $13211.9%
$O.0 HORIZ(N-S) AXIS  24.3  SP2-1R " " " $5m $307.63 $2589 $9015.30 $2200 $14311.93
80.0  rIAID 1%° TILT 8.8 SPI-A . MECA " 80n $738.40 82176 $9015.30 $1100 $13629.70
BO.O0  NORIZ(N-S) AXIS  11.8  SPY-20 " " " 80n $738.40 s2176 $9015.30 $2200 $14729 70



SYSTIM
RADIATION STATION LENGTN OF WDCET PUDCEY ARRAY QUi MmexT
SYSTEM OUTPUT PIP  ARRAY FAO TioEx DROP CABLE  yipier cOST gl HODULE COST STAW COST TOTAL f.0.0.
3 CABLE e
REGTOM sSI1TE POPULATION HEAD TRACKING " +9015.30 #1100 $13583.53
$492.2% $2276 .
. - 7 MECA 063343 3w 1448).35
CHILANGO Sessonal o0 e utTITo 80 Anab o gwd 1% wers s2176 $9015.30 42200 '
" .
81.0  NORIZ(N-S) AXIS 10.8 SP1-28 - " 5015.30 $1100 $12983.35
’ " e $323.05 2548 $3015. '
A Mo Seasonal 20.0  PIXED IS TILY )20 SPA-8 7 x 4 NEGA 4525.05 s2343 13,30 #2100 $14083.
Ares 20,000 - - ” .
re 27.0  NORIZ(N-S) AXIS 43.3 SPA3  Ix 4 . 432305 21545 $6761.40 11630 $11279.93
2.0 " ol N9 iR %3 -
[}
|,-A
Notu i The lrrny is made up of ARCO solar MSS modules for this output/cost summary. . E;
The figure of 7 x 4 or 7 x 3 represonts the number of modules in series )
(1st figure) multiplied by the number in parallel. Hence, 7 x 4 represents
sn array of 28 modules with each block of!? series wired modules' wired in parallel.
2. The costs are based on estimates relevant to tender estimates. They account
for voluae reductions and relevent “"markups" (there are no manufacturers who
produce both p.v. modules and pumps).
3. The costs are strictly confidential and are for UNIDO internal consumption alone.
4. At every site visited the wells :ere cased with a miniaus if 6" diameter casing .
(steel or pvc); the vells had also been screened. This uniformity of casing .
{6" or 10") and thechoxcc of a.c. submersibles up to 1.5 Kw range accounts for
the omitting of site casing dectails.
S. The water outputs are maximised using tracking approach. For sites such as

Dolo Mckala, with output of only 8.7 w3, E.W.W.C.A. - community dialogue must
occur before installation. Is minimum daily potable water better than intermittent

water (in this case their cxisting generator has been down for some 3 months with

a simple fuse nalfunction)!




<I.2.

NOTES ON N.W. REGION - GONDER AND GOJAM

In Gonder the excellent sites at Metema were visited
(see survey tecords). These sites, remote with serious fuel

supply difficulties, are of the first priority in the installa-

tion programme. Time constraints precluded a visit to the
RCC supported settlements in Humera on the N.W. border with
Eritrea and Sudan. Information on the wells here should be
provided to E.N.E.C. for evaluation.

In Gojam the 1d}ge FAI (Fondo Auti Italia) funded
settlements of Pawi on the Beles river were visited. This
area was well organised with basic services and the substi-
tution of the diesel powered water supply projects by
gravity fed pipeline to each village is under way.

It was not possible to visit Guba, west of the Pawi
settlement near the Sudan border but hydrogeological
information on the well has been obtained and included inmn
this survey.

Although Bichena, ENE of Deber Markos had been
included in the initial site survey, prevailing conditions
preclude this area. These conditions, strong government
financial committment and proximity to Debre Markos, Bahar
Dar lay a low priority on this area.




NOTES
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Metema

1.

All yield information is based on air 1lift with Q
measured by Vee Notch for 2 - 3 hours.

The reported drawdown and decline in discharge over
a 2 year period in volcanic/metamorphic rocks from
Jima has not been checked here. The yields are based
on tests executed immediately after completion of the

well.

To allcw for a possible yield reduction due to this
phenomena, in design considerations Q is taken as
50% of tested Q for friction loss calculations and
daily demand estimates.

The standardisation of equipment in the Metema wells
is commendable.

The main administrative centre at Gandawuha o> Shehdi
is currently been equipped with a system to supply
water, from a well beside the Gandawuha river, to a
storage tank on the hills above the army/RCC compound.
A well with a good yield, 10 L/S, 45 meter deep and
a 2"}" pireline with Shanzi DVA 1500 generator and
Bornemann 14.4m3/hr. pump installed. This centre is
rapidly expanding with hospital, administrative
buildings, road construction camp, E.W.W.C.A., army;
there are also 4 - 5 generators in the town. As 3
result water demand is too high to be met currently
by a solar pump and this case should be reviewed
after the population stabilises.
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Fuel to this area is currently delivered by R.R.C.
aeroplane from Gondar to Shehdi. The further
difficulty of supplying tae viliages with fuel from
Shehdi is compounded by a poor road system.




Installation sites:

1. Metema village 1

2. " " 2

3 " " 3

4. " " 4, Kobit

5. " "4, Kabit

6. Kumer

7. Johannes Ketema

8. Shehdi (Gandawuha) irrigation site
9. Kumer irrigation site.

Pump allocation at sites not visited.

1. Guba ( Gojam) - hydrogeological and system head
data available.

2. Humera - RCC wells, no information
available vet.

(2]

«d




Location
Radiation station:
Population:

No. of wells:

Wells: aquifer type
depth
yield

drawdown

- Pumping units:
motor

pump

no. of hours of operation

fuel consumption

Distribution: pipework #

length

storage

Array location:

Metema Village No. 1
Metema
1236

1

Weathered Basalt
60m (originally drilled 78m but partial collapse)

- pump at S7m
1.5 L/sS.

Slanzi DVA 1030
Bornemann Mono, 7.2m3/hr
1 1/2 hrs/day

2 litres/day

2" D
240m, elevation + 13.4m
4m3 tank (Top 3.6m above G.l.)

Some tree clearing required,

Foundation on good soi. with aggregate available.

1]
wn
\
+
y—
[N)
da
+
L9
R
+
"~
oy

1 L/S TDH

]
~
wn ~
£
3

"
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o
3



DESIGN PROVIDED BY:
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ARCO SOLAR EUROPE
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)

CUSTOMER: UNIDO SURVEY

ADDRESS: ETHIOPIA

(SASY/M Ver 4.2

.5 G EPEP EEUDEE WA W PP T WEIES A A’ UL EAEERE) WEWE WEW W WWE WEW WA P U e - -

APPLICATION: AC WATER PUMPING

NOTE: VILLAGE NO 1
INSOLATION DATA LOCATION: METEMA ETHIOPIA

LATITUDE: 12.95 DEG N

GROUND REFLECTANCE:

WIRING INFORMATION: 60 F
------------ ARRAY~=~-~========
TILT ANGLE: 15 0
MAX. PWR. CURRENT:
MAXIMUM POWER:
AS INC M55 3.05 A.
7 (s)Y X 4 (P) =
FLAT PANE
MONTH LANG LANG
JAN 457 528
FEB 514 567
MAR 535 557
APR 554 547
MAY 516 491
JUN 484 454
JUL 477 452
AUG 414 405
SEP 479 489
0CT 511 552
NOV 497 567
DEC 465 546
NOTE:

PERFORMANCE OF SYSTEM AT

.2

LONGITUDE:

0 (J)

12/20/85)

DATE: 7DEC86
OPER: DJS

36.07 DEG E

T. (ROUND TRIP) OF 8 GAUGE WIRE

DEGREES
12.2 A.
1486.0 W.

@ 17.4 V.
28 TOTAL

L MEAN AIR
TEMP (C)

26.9
29.6
30.1
28.9
28.7
27.8
26.1
26.0
26.0
27.3
27.9
27.5

--------- PUMP SYSTEM

Grundfos SP1-28

102 vDC 1500 W XX-4&4

(User Supplied)

COUPLED TO ARRAY @ 105 VOLTS

AVG. DAILY OUTPUT:
SYSTEM HEAD:

RAINFALL
(AVG. MM)

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

ARRAY TO FACE TRUE SOUTH

AVG.
CU.M/DAY

—
O O WO~ ®\O\WO\WO

P « e« e
NO VD OO0V O

INSTALLATION SITE WILL VARY DEPENDENT

9.1 CU.M
M.

80.0

UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.

EEhwr A e EE@ W e B @ = -




DESIGN PROVIDED BY: ARCO SOLAR EUROPE
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)

(SASY/M Ver 4.

CUSTOMER: UNIDO SURVEY
ADDRESS: ETHIOPIA

APPLICATION: AC WATER PUMPING

G AP AR G EIEE WA ) WO G I WA WP WAIEP T A E WM WE N AT AP WA P WP W = -

NOTE: VILLAGE NO 1

INSOLATION DATA LOCATION: METEMA ETHIOPIA

LATITUDE: 12.95 DEG N LONGITUDE:
GROUND REFLECTANCE: .20 (J)

2 12/20/85)

DATE: 7DEC86
OPER: DJS

36.07 DEG E

WIRING INFORMATION: 60 FT. (ROUND TRIP) OF 8 GAUGE WIRE

HORIZONTAL (N-S) AXIS TRACKING
MAX. PWR. CURRENT: 12.2 A.
MAXIMUM POWER: 1486.0 W.

AS INC M55 3.05 A. @ 17.4 V.
7 (8) X 4 (pP) = 28 TOTAL

FLAT PANEL MEAN AIR

MONTH LANG LANG TEMP (C)
JAN 457 601 26.9
FEB 514 674 29.6
MAR 535 691 30.1
APR 554 701 28.9
MAY 516 642 28.7
JUN 484 597 27.8
JUL 477 588 26,1
AUG 414 507 26.0
SEP 479 607 26.0
0CT 511 664 27.3
NOV 497 654 27.9
DEC 465 613 27.5

Grundfos SP1-28

(User Supplied)

102 VYDC 1500 W XX-4
COUPLED TO ARRAY @ 105 VOLTS

AVG. DAILY OUTPUT:
SYSTEM HEAD:

RAINFALL
(AVG. MM)

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

11.9 CU.M

80.0

AVG.
CU.M/DAY

11.4
12.5
12.8
13.0
12.
11.
11.

9.
11.
12.
12,
11.

F L0 VNN

M.

NOTE: TRACKER LIMIT ANGLE IS 45.0 DEGREES FROM THE VERTICAL POSITIOYN.

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE,




Location
Radiation station:
Population:

No. of wells:

Wells: aquifer type

depth

yield

drawdown

Pumping units:

motor

pump

no. of hours of operation

fuel consumption

Distribution: pipework 9

length

storage

Array location:

Design:

Metema - Village 2

Metema
1100

1

Basalt
24m (pump at 21m)

10 L/S.

Slanzi DVA 1030

Bornemann, 7.2m3/hr (belt driven) (currently
bearings broken)

3 hrs/day (because of no storage)

21! @

700m, elevation + 8.03 + 7.40 = 15.43

not vet installed - 4m°

at well head, aggregate available, good

foundation.
Max Q = 5 L/S
TDH = 21 + 15.43 + 14

50m.




- 119 -

DESIGN PROVIDED BY: Solar Electric International
STAND-ALOME SYSTEM DESIGN PROGRAM (PV/WATER PUMP)
. (SASY/M Ver 5.0 6/20/86)
CUSTOMER: UNIDO SURVEY DATE: 8TH DECEMBER 1986
ADDRESS: ETHIOPIA OPER: J GOODMAN

APPLICATION: AC WATER PUMPING

A ELEEr Gl P AN GE AN CEEE e G G WG G AT WO WS VWM @AWY fECE Al MrdL U EIERE AP ERTE AR e

NOTE: VILLAGE 2
INSOLATION DATA LOCATION: METEMA - (User Supplied)

LATITUDE: 12.95 DEG N LONGITUDE: 35.07 DEG E
GROUND REFLECTANCE: .20 (J)

WIRING INFORMATION: 60 FT. "(ROUND TRIP) OF 8 GAUGE WIRE

------------ ARRAY----==-=-==- ~----—---PUMP SYSTEM---------
TILT ANGLE: 15.0 DEGREES Grundfos SP2-18
MAX. PWR. CURRENT: 12.2 A. XX-5
MAXIMUM POWER: 1486.0 W. COUPLED TO ARRAY @ 105 VOLTS
AS INC M55 3.05 A. @ 17.4 V. AVG. DAILY OUTPUT: 19.4 CU.M
7 (8) X 4 (P) = 28 TOTAL SYSTEM HEAD: 50.0 M.

e ErEr GP PG TR AAEE Shem s AR TP U IR MG WP LA S AN EGE G e Errees Efdm e GG R TR eE WA e e -

FLAT PANEL MEAN AIR RAINFALL AVG.
MONTH LANG LANG TEMP (C) (AVG. IMM) CU.M/DAY
JAN 457 527 26.9 NA 20.2
FEB 514 566 29.6 NA 20.7
MAR 535 557 0.1 NA 20.3
APR 554 548 28.9 NA 20.0
MAY 516 493 28.7 NA 18.4
JUN 494 46°% 27.8 NA 17.7
JUL 4717 453 26.1 Na 17.6
AUG 414 408 28.0 NA 15.7
SEP 473 489 26.0 NA 18.2
- oC?T 511 551 27.3 NA 20.9
NOV 497 566 27.89 NA 21.2
DEC 465 545 27.5 N& 20.6

NCTE: ARRAY TO FACE TRUE SOUTH

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEFPENDENT
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATICN AND MAINTENANCE.
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DESIGN PROVIDED BY: Solar Electric International
STAND~-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)
(SASY/M Ver 5.0 6/20/86)
CUSTOMER: UNIDO SURVEY DATE: 8TH DECEMBER 1886
ADDRESS: ETHIOPIA OPER: J GOODMAN

APPLICATION: AC WATER PUMPING

s an e e e Er s EmEm W et A s EmEm e e ar et e emem e em e A wr e e em ehabem e er e e ew s v am s emea .-

NOTE: VILLAGE 2
INSOLATION DATA LOCATION: METEMA (User Supplied)

LATITUDE: 12.S85 DEG N LONGITUDE: 36.07 DEG E
GROUND REFLECTANCE: .20 (J)

e e e e am e e s EEEr e Eeer e e wr et an e e ar M Er e S Er e S Es e e et MR ER e A e e e e e ot e am e

WIRING INFORMATION: 60 FT. (ROUND TRIP) OF 8 GAUGE WIRE

------------ ARRAY----=-------- -- -----PUMP SYSTEM---------
HORIZONTAL (N-S) AXIS TRACKING Grundfos SP2-18 :
MAX. PWR. CURRENT: 12.2 A. XX-5
MAXIMUM POWER: 1486.0 W. COUPLED TO ARRAY @ 105 VOLTS
AS INC M55 3.05 A. @ 17.4 V. AVG. DAILY OUTPUT: 25.2 CU.M
7(8) X 4 (P) = .28 TOTAL SYSTEM HEAD: 50.0 M.

FLAT PANEL MEAN AIR RAINFALL AVG.
MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY
JAN 457 598 26.9 NA 24 .4
FEB 514 670 29.6 NA 6.1
MAR 535 686 30.1 NA 26.f8
APR 554 696 28.9 NA 27.0
MAY 516 638 28.17 NA 25.5
JUN 494 607 27.8 Na 24.8
JUL 477 524 26.1 NA 24.4
AUG 414 501 26.0 NA 21.2
SEP 479 601 26.0 NA 25.2
QCT 511 660 27.3 NA 26.6
NCV 497 651 27.9 NA 25.9
DEC 465 611 27.5 NA c4.5

NOTE: TRACKER LIMIT ANGLE IS 45.0 DEGREES TROM THE VERTICAL POSITION. -

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY LEPENDENT
UPON WEATHER TONDITIONS AND ADEQUACY OF IMSTALLATION AND MAINTENANCE.

(77




Location

Radiation station:

Population:
. No. of wells:
Wells: aquifer type
t
depth
yield
drawdown

Pumping units:

motor

pump

no. of hours of operation

fuel consumption

Distribution: pipework §

length

storage

Array location:

Design:

121 .

Metema - Village No.3
Metema

1038
1

Basalt
40m, pump at 36m

3 L/s.

Slanzi DVA 1030
Bornemann mono 7.2m3/hr belt driven

3 hrs a day direct to fawcetts

PN

350 metres, elevation + 8.3m

Well is adjacent to river course, a

tree will have to be removed.

N max = 1.5 L/S.
TOH = 36 + 8.8 + 7
= 51.80m

]



DESIGN PROVIDED BY:

CUSTOMER: UNIDO SURVEY
ADDRESS: ETHIOPIA

APPLICATION: AC WATER
NOTE: VILLAGE 3

LATITUDE: 12.95 DEG N
GROUND REFLECTANCE: .2

TILT ANGLE: 15.0
MAX. PWR. CURRENT:
MAXIMUM POWER:

AS INC M55 3.5 A.
7T (8) X 4 (P) =

FLAT FANE
MONTH LANG LANG

JAN 457 527
FEB 514 566
MAR 535 557
APR 554 548
MAY 516 493
JUN 494 465
JUL 477 453
AUG 414 4086
SEP 479 489
OCT 511 551
NQOV 497 566
DEC 465 545
NOTE:

t

UPON WEATHER CONDITIONS

INSOLATION DATA LOCATION: METEMA

Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER FPUMF)

(SASY/M Ver 5.0 6/20/86)

DATE: 8TH DECEMBER 1986
OPER: J GGODMAN

PUMPING

LONGITUDE: 36.07 DEG E
0 (J)

WIRING INFORMATION: 60 FT.- (ROUND TRIP) OF 8 GAUGE WIRE

ARRAY TO FACE TRUE SOUTH

(User Supplied)

PERFORMANCE OF SYSTEM AT INSTALLATICON SITE WILL VARY DEFFUDENT
AND ADEQUACY OF INSTALLATION AND

MAINTELC

[£3]

- weme e e @emE EmEme Emedan Emeer et m e e e m e e e e em e S em e m de e rman s e b o -

wpeas e e s EEen B A G EwE s e e e W S EEE M am e W em e memam e mm o e -

DEGREES Grundfos SP2-18
12.2 A. XX-5
1486.0 W. COUPLED TO ARRAY @ 105 VOLTS
@ 17.4 V. AVG. DAILY OUTPUT: 13.6 CU.M
28 TOTAL = SYSTEM HEAD: 2.0 M.
YSTEM DESIGN ANALYSIS------—--—-
L MEAN AIR RATNFALL AVG.
TEMP (2) (AVG. MM) CU.M/DAY
26.9 NA 18.5
29.6 1A 20.0
30.1 NA 19.86
23.9 1A 19.3
28.7 NA 17.7
27.8 NA 17.4
26.1 R 1€.8
6.0 bA i5.4
26.0 HA 18.4
27.3 A 20,2
27.8 NA 0.3
27.5 N~ 19,0
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TESIGN PROVIDED BY: Solar Electric Internaticnail
STAND-ALONE SYSTEM DESIGN PLIOGRAM (PV/WATER PUMP)
{SASY/M Ver £.0 $/72C/386)
CUSTOMER: UNIDO SURVEY DATE: 8TH DECEMBER 1986
ADDRESE: ETHIOPIA (PER: & GGODMAN

APPLICATION: AC WATER PUMPING

e Era: W AP G EP s Gl AL G WA PR WA @G oW o4 GMARA W EEEE S ERE W W W W W W e e -

NCTE: VILLAGE 3
INSOLATION DATA LCCATION: METEMA {Ucer Supplied)

LATITUDE: 12.25 DEG N LCNGITUDE: 36.07 DEG E
GROUND REFLECTANCE: .20 (J)

—arE: @ANE) G EPEE TErie I EEEE WA W IO WA EE M AIAS A TP e SEEEar T EEER WA W W Srere W e W e

WIRING INFORMATION: 60 FT. -(RCUND TRIP) CF 8 GAUGE WIKE

------ ~===-=ARRAY-==-m-==so=-- ----—----PUMP SYSTEM---------
HORIZONTAL (N-S) AXIS TRACKING Grundfos 3P2-18
MAX. S°WR. CURRENT: 12.2 A. XX-5
MAXIMUM POWER: 1486.0 W. COGPLED TO ARPAY €@ 105 VOLTS
AS INC M55 3.05 A. @ 17.4 V. AVG. DAILY OUTPUT: 24.3 CU.M
7 (S) X 4 (P) = 28 TOTAL SYSTEM HEAD: £2.0 M.
---------- SYSTEM DESIGN ANALYSIS-------=--
FLAT PANEL MEAN AIR RAINFALL . AVG.
MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY
JAN 457 598 26.8 NA 23.5
FEB 514 670 29.6 NA 25.2
MAR 535 686 30.1 NA 25.8
APR 554 696 28.89 NA 26.1
MAY 516 638 28.7 NA 24.6
JUN 494 607 27.8 NA 23.¢
JUL 477 584 26.1 Na 23.5
AUG 414 501 26.0 HA 20.2
SEP 479 601 26.0 NA 24.:
. OCT 511 660 27.3 NA 25.7
NOV 497 651 27.9 NA 23.0
DEC 465 611 27.5 MA 23.7
-7 NOTE: TRACKER LIMIT ANGLE IS 45.0 DEGREES FROM THE VERTICAL FPCSITION.

13
8

PERFCRMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.




Location
Radiation station:
Population:

No. of wells:

WNells: aquifer type
depth

yield

drawdown

Pumping units:

motor

pump

no. of hours of operation

fuel consumption

Distribution: pipework P

length

storage

Array location:

Design:

Note:

- 126 .

Metema - Kobit, Village No. 4.

Metema
1079

2

Basalr
65m (pump at 56m)

2.3 L/S

Slanzi DVA 1030
Bornemann 7.2m3/hr belt driven
1 hr/day

1 litre/day

30m elevation - with a proposzal for 2

2CCm extension ( + Sm head )

4m5

North side of road.

Q = 1,2 L/S

TDH = 56 + 5.6 + 5 + 5
=  70m.

There is aiso a hand pump on a well oi depth 43m,

yield of 2.5 L/S with 700 metre delivery main.




DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP
(SASY/M Ver 5.0 6/20/886)
CUSTOMER: UNIDO SURVEY DATE:. 8TH DECEMBER 1386
ADDRESS: ETHIOPIA OPER: J GOODMAN

APPLICATION: AC WATER PUMPING

NOTE: VILLAGE 4, KOBIT
INSOLATION DATA LOCATION: METEMA (User Supplied)

LATITUDE: 12.85 DEG N LONGITUDE: 36.07 DEG E
GROUND REFLECTANCE: .20 (J) :

A G AR E) Wetha: WEEP G W EE GE I e WEE MG WA SN E S T A @ E WA P e A e - -

WIRING INFORMATION: 60 FT. .(ROUND TRIP) OF 8 GAUGE WIRE

------------ ARRAY----=-—===- ~===--==-PUMP SYSTEM---------
TILT ANGLE: 15.0 DEGREES Grundfos SP1-28
MAX. PWR. CURRENT: 12.2 A. 102 VDC 1500 W XX-4
MAXIMUM POWER: 1486.0 W. COUPLED TO ARRAY @ 105 VOLTS
AS INC M55 3.05 A. @ 17.4 V. AVG. DAILY OUTPUT: 9.4 CU.M
7(8) X 4 (P) = 28 TOTAL SYSTEM HEAD: 50.0 M.

FLAT PANEL MEAN AIR RAINFALL AVG.

MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY
JAN 457 527 26.8 NA 9.2
FEB 514 566 22.6 NA 10.0
MAR 535 557 30.1 NA 9.8
APR 554 548 28.9 NA 8.7
MAY 516 493 28.7 NA 8.9
JUN 494 465 27.8 NA 3.6
JUL 477 453 26.1 NA 8.5
AUG 414 406 28.0 NA 7.8
SEP 479 489 26.0 NA 9.z
. OocT 511 551 27.3 NA 10.1
NOV 497 566 27.9 NA 10.2
DEC 465 545 27.5 NA 1¢.C

. NOTE: ARRAY TO FACE TRUE SCUTH

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT
UPON WEATHER CONDITIONS AND ADEQUACY CF INSTALLATION AND MAINTENANCE.
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DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)
(SASY/M Ver 5.0 6/20/86)
CUSTOMER: UNIDO SURVEY DATE: 8TH DECEMBER 1986
ADDRESS: ETHIOPIA OFPER: J GOODMAN

APPLICATION: AC WATER PUMPING

s e AmAr s G em s S am s s e Tw A e e = e ma s e em e mame W e -

NOTE: VILLAGE 4, KOBIT
INSOLATION DATA LOCATION: METEMA (User Supplied)

LATITUDE: 12.95 DEG N LONGITUDE: 36.07 DEG E
GROUND REFLECTANCE: .20 (J)

e ar wEep ey A en e s es e em b en Eemem et es e er e em e mmem s e dh e s e e e W e o - -

WIRING INFORMATION: 60 FT. (ROUND TRIP) OF 8 GAUGE WIRE

------------ ARRAY----—==—-—=~ -=~------PUMP SYSTEM---------
HORIZONTAL (N-S) AXIS TRACKING Grundfos SP1-28
MAX. PWR. CURRENT: 12.2 A. 102 VDC 1500 W XX-4
MAXIMUM POWER: 1486.0 W. COUPLED TO ARRAY @ 105 VOLTS
AS INC M55 3.05 A. @ 17.4 V. AVG. DPAILY OUTPLT: 12.2 CG. M
7 (S) X 4 (F) = 28 TOTAL SYST=!M BEAD: : 80.0 M.

FLAT PANEL MEAN AIR RAINFALL AVG.
MONTH LANG LANG TEMP (C) (AVG. MM} CU.M/DAY
JAN 457 598 26.9 NA 11.7
FEB 514 670 29.6 HA 12.6
MAR 535 686 30.1 NA 12.9
APR 554 696 28.9 NA 13.1
MAY 516 638 28.7 NA 12.4
JUN 434 807 27.8 NA 12.1
JUL 477 584 26.1 NA 1€
AUG 414 501 26.0 NA 10.3
SEP 479 501 26. 0 NA i2.2
OCT 511 660 27.3 HA 12.8
NOV 497 851 27.9 NA 12.5
DEC 465 611 27.5 NA 11.7
NOTE: TRACKER LIMIT ANGLE IS 45.0 DEIGREES FRCM THE VERTICAL PCSITIC:
ENDENT

PERFORMANCE OF SYSTEM AT INSTALLATION SITZ WILL VARY DE
L

UPON WEATHER CONDITIONS AND ADEQUACY COF INSTALLATION AND MAINTENANCE.

-~




Location
Radiation station:
Population:

. " No. of wells:

Wells: aquifer type

depth

yield

drawdown

Pumping units:

motor

pump

no. of hours of operation

fuel consumpt®on

Distribution: pipework §

length

storage

Array location:

Design:

127 -

Metema - Kumer
Metema
554

1

Basalt but rig couldn't penetrate below 15m
15m - pump at 12m

1-21L/S.

Slanzi DvVA 1030
Bornemann Mono, 7.2m3/hr (belt driven)
1 hr/day

1 litre/day

nil]

l62m, elevation + 2.8 included to top of tank.
4m»

15m west of existing pump station

Black cotton soil - raft foundation.

1L/S TDH = 12+ 2.8 + 1.62

16.4-m

= 17m
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DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)
({SASY/M Ver 5.0 6/20/86)

CUSTOMER: UNIDO SURVEY DATE: 8TH DECEMEBER 1986
ADDRESS: ETHIOPIA OPER: J GOODMAN

APPLICATION: AC WATER PUMPING .
NOTE: KUMER

INSOLATION DATA LOCATION: METEMA (User Supplied)

LATITUDE: 12.95 DEG N LONGITUDE: 36.07 DEG E
GROUND REFLECTANCE: .20 (J)

WIRING INFORMATION: 60 FT._ (ROUND TRIP) OF 8 GAUGE WIRE

------------ ARRAY----=======- =~-=-~----PUMP SYSTEM---------
TILT ANGLE: 15.0 DEGREES Grundfos SP8-4
MAX. PWR. CURRENT: 12.2 A. 162 VDC 1500 W XX-5
MAXIMUM POWER: 1486.0 W. COUPLED TO ARRAY @ 105 VOLTS
AS INC M55 3.05 A. @ 17.4 V. AVG. DAILY OUTPUT: 62.1 CU.M
7 (8) X 4 (P) = 28 TOTAL SYSTEM HEAD: 17.0 M.

———.— e mam e epas Er e e e e T M R e Eem e e A AR G e AP e v R en e am Em W ey - o en

FLAT PANEL MEAN AIR RAINFALL AVG.
MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY
JAN 457 527 26.9 NA 64.9
FEB 514 566 29.6 NA 66.8
MAR 535 557 30.1 NA 65.5
APR 554 548 28.9 NA 64.4
MAY 516 493 28.7 NA 58.9
JUN 454 465 27.8 NA 56.4
JUL 477 453 26.1 NA 56.0
AUG 414 406 26.0 NA 49.5
SEP 479 489 26.0 NA 61.3
OCT 511 551 27.3 NA 67.5
NOV 497 566 27.9 NA 68.13
DEC 465 545 27.5 NA 66.3

NOTE: ARRAY TO FACE TRUE SOUTH -

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.




DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)
(SASY/M Ver 5.0 6/20/86)
CUSTOMER: UNIDO SURVEY - DATE: 8TH DECEMBER 1986
ADDRESS: ETHIOPIA OPER: J GOODMAN

APPLICATION: AC WATER PUMPING

NOTE: KUMER
INSOLATION DATA LOCATION: METEMA (User Supplied)

LATITUDE: 12.85 DEG N LONGITUDE: 36.07 DEG E
GROUND REFLECTANCE: .20 (J)

WIRING INFORMATION: 60 FT." (ROUND TRIP) OF 8 GAUGE WIRE

------------ ARRAY===o==e=m=u- ~-=-==---PUMP SYSTEM---------
EORIZONTAL (N-S) AXIS TRACKING Grundfos SP8-4
MAX. PWR. CURRENT: 12.2 A. 102 VDC 1500 W XX-5
MAXIMUM POWER: 1486.0 W. COUPLED TO ARRAY @ 105 VOLTS
AS INC M55 3.05 A. @ 17.4 V. AVG. DAILY OUTPUT: 81.2 CU.M
7(S)X 4 (P) = 28 TOTAL SYSTEM HEAD: 17.0 M.

FLAT PANEL MEAN AIR RAINFALL AVG.

MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY
JAN 457 598 26.9 NA 78.6
FEB 514 670 29.6 NA 84.4
MAR 535 686 30.1 NA 86.1
APR 554 696 28.9 NA 87.3
MAY 516 638 4 28.7 NA 82.4
JUN 494 807 27.8 NA 80.3
JOL 477 594 26.1 NA 78.9
AUG 414 501 26.0 NA 67.4
SEP 479 601 26.0 NA 81.3
o oCT 511 660 27.3 NA 85.8
NOV 497 651 27.9 NA 83.5
DEC 465 611 27.5 NA 79.2

NOTE: TRACKER LIMIT ANGLE IS 45.0 DEGREES FROM THE VERTICAL POSITION.

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.
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DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)
(SASY/M Ver 5.0 6/20/86)
CUSTOMER: UNIDO SURVEY DATE: 8TH DECEMBER 1986
ADDRESS: ETHIOPIA QPER: J GOCDMAN

APPLICATION: AC WATER PUMPING
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NOTE: KUMER
INSOLATION DATA LOCATION: METEMA (User Supplied)

LATITUDE: 12.95 DEG N LONGITUDE: 36.07 DEG E
GROUND REFLECTANCE: .20 (J)

- e Wames Theres WWEEEE Epemar @ EE EorE M EE s WEH e T e G e ST e S EnEr EE AT G Ar G S EE e AP s o an o -

WIRING INFORMATION: 60 FT. (ROUND TRIP) OF 8 GAUGE WIRE

------------ ARRAY----=-==———- ~--------PUMP SYSTEM---------
HORIZONTAL {N-S) AXIS TRACKING Grundfos SP8-4
MAX. PWR. CURRENT: 9.1 A. 102 VDC 1500 W XX-5
MAXIMUM POWER: 1114.5 W. COUPLED TO ARRAY @ 105 VOLTS
AS INC M55 3.05 A. @ 17.4 V, AVG. DAILY OUTPUT: 58.2 CU.M
7(S) X 3 (P) = 21 TOTAL SYSTEM HEAD: . 17.0 M.

FLAT PANEL MEAN AIR RAINFALL AVG.

MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY
JAN 457 598 26.9 NA 56.2
FEB 514 670 29.6 NA 61.8
MAR 935 686 30.1 NA 62.9
APR 554 696 28.9 NA 64.0
MAY 516 638 28.7 NA 58.4
JUN 494 607 27.8 NA 56.1
JUL 477 584 26.1 NA 54.8
AUG 414 501 26.0 NA 44 .3
SEP 479 601 26.0 NA 57.7
OCT 511 660 27.3 NA 63.6
NOV 497 651 27.9 NA 61.8
DEC 465 611 27.5 NA 57.1

NOTE: TRACKER LIMIT ANGLE IS 45.0 DEGREES FROM THE VERTICAL POSITION.

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT
UPON WEATHER CONDITIONS AND ADEQUAZY OF INSTALLATION AND MAINTENANCE.




Location
Radiation station:
Population:

No. of wells:

Wells: aquifer type
depthA
yield

drawdown

Pumping units:
motcr

pump

length

storage

N Array location:

Design:

no. of hours of operation

fuel consumption

Distribution: pipework §

-1 -

Metema - Johannes Ketema
Metema

1500

1

- 38m (pump at 30m)

11 L/S

Slanzi DVA 1030

Bornemann 7.2m5/hr belt dri ~1.

3 hrs/day

2" ﬂ
150m elevation + im

None - Am3 oroposed ( + 3,5m )

Large tree due East of B4

Flood protection from down slope.

Q max 5 L/S
TOH = 30 + 4 + 3 + 3.6
40.60m




DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (FV/WATER PUMP)
(SASY/M Ver 5.0 6/20/86)
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CUSTOMER: UNIDC SURVEY DATE: 8TH DECEMBER 1886 ’
ADDRESS: ETHIOPIA OPER: J GCODMAN
APPLICATION: AC WATER PUMPING .

NOTE: JOHANNES KETEMA
INSOLATION DATA LOCATION: METEMA (User Supplied)

LATITUDE: 12.95 DEG N LONGITUDE: 36.07 DEG E
GROUND REFLECTANCE: .20 (J)

WIRING INFORMATION: 60 FT. (ROUND TRIP) OF 8 GAUGE WIRE

———————————— ARRAY------------ ~~--=----PUMP SYSTEM---------
TILT ANGLE: 15.0 DEGREES Grundfos SP2-18
MAX. PWR. CURRENT: 12.2 A. XX-5
MAXIMUM POWER: 1486.0 V. COUPLED TO ARRAY @ 105 VOLTS
AS INC M55 3.05 A. @ 17.4 V. AYG. DAILY OUTEUT: 22.5 CU.M
7(S) X 4 (P) = 28 TOTAL SYSTEM HEAD: 41.0 M.

FLAT FANEL MEAN AIR RAINFALL AVG.
MONTH LANG LANG TEME (C) (AVG. MM) CU0.M/DAY
JAN 457 527 26.9 NA 23.3
FEB 514 566 23.6 NA 23.9
MAR 535 557 30.1 NA 23.5
APR 554 548 £3.8 HA 22.3
MAY 516 493 28.7 NA 21.6
JUN 494 465 27.8 NA 20.9
JOL 477 453 268.1 NA 20.7
440G 414 4086 ZE.9 HA 13,9
SEP 478 489 25.0 WA 22.3
OCcT 511 551 27.3 NA 2401
NOV 4397 566 27.8 HA £4.3
DEC 465 545 27 .4 R 23.7

NHOTE: ARRAY TO FACE TRUE 30UTH

FERFORMANCE OF SYSTEM AT INSTALLATICH ZITE WILL VARY DEPENDENT
UPON WEATHER CONDITIONS AND ADEQUACY CF INSTALLATIOM AND MAINTIZNANCE.
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DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)
(SASY/M Ver 5.0 €/20/86)
CUSTOMER: UNIDO SURVEY DATE: 8Tn DECEMBER 1986
ADDRESS: ETHIOPIA OPER: J GOODMAN

¥

APPLICATION: AC WATER PUMPING
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NOTE: JOHANNES KETEMA
INSOLATICN DATA LOCATION: METEMA (User Supplied)

LATITUDE: 12.95 DEG N LONGITUDE: 36.07 DEG E
GROUND REFLECTANCE: .20 (J)

.WIRING INFORMATION: 60 FT. (ROUND TRIP) OF 8 GAUGE WIRE

| memeeece—e—— ARRAY--==-====ece-  cscoo-o-- PUMP SYSTEM---------
HORIZONTAL (N-S) AXIS TRACKING Grundfos SP2~18
MAX. PWR. CURRENT: 12.2 A. XX-5
MAXIMUM POWER: 1486.0 W. COUPLED TO ARRAY @ 105 VOLTS
AS INC M55 3.05 A. @ i7.4 V. AVG. DAILY OUTPUT: 29.0 CU.M
7 (8) X 4 (P) = 28 TOTAL SYSTEM HEAD: 41.0 M.
---------- SYSTEM DESIGN ANALYSIS-~----=---
FLAT PANEL MEAN AIR RAINFALL AVG.
MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY
JAN 457 588 26.9 NA 27.9
FEB 514 670 29.6 NA - 28.8
MAR 535 686 30.1 Na 30.5
APR 554 6S6 28.8 NA 30.9
MAY 5186 638 28.7 NA 29.4
JCON 424 607 27.8 Na 28.8
JUL 477 584 25.1% A 28.¢
L0G 414 501 23.¢ WA 25.90
SEP 47¢ BCL 28.C NA 22.¢
. OCT S11 680 27.3 N% 30.:2
NOV £87 651 27.3 NA 2¢.58
DEC 465 611 27.4 1A 28.2

o

. NOTE: TRACKER LIMIT ANGLE IS 45.0 DEGREES FRCHM THE VERTICAL PCSITICH.

- PERFORMANCE OF SYSTEM AT INSTALLATICN SITE WILL VARY DEPENDENT
UFPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.
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IRRIGATION SITES IN METEMA

At the request of the local administration several
irrigation sites were investigated as to their suitability
for solar powered irrigation.

1. Shehdi or Gandawuha demonstration site

Source: ‘Gandawuha river. This is a seasonal
river with an approx. § metre variation
in river level; the river has no surface
flow for a small part of the year but
there are deep pools and subsurface flow
along the river which have been used in
the past for irrigation with diesel
pumps. The diesel pumps were removed
from the river side during the raiay
seasons, due to high flood levels.

Proposel: A hand dug well ( 1 meter with perforated
concrete culvert casing ) installed, to
a depth of approx. 13 metre below max.
flood level, during the dry season (to
minimise dewatering equipment capacity)
in the alluvial deposits at the site.

A solar pumr installed here would then
pump to a storage/distribution tank
beside the agriculture training school
on the hill which would command the
whole arecz.

Max head (without friction losses) 19 metre
Length of pipe 150 metre
Pipe diameter : 2" - 3"

See printout for average monthly output.




then

-1%5 =

Shehdi irrigation site adjacent to existing water
supply well.

This area of just 1 ha has a similar situation to the
demonstration site at Shehdi although the required TDH
is 14 meter with approx. 150 of pipework to command
point. The pioximity of site to the Shehdi settlement
water supply borehole suggests:

a) Monitaring well for performance during dry
season and

b) using the town supply system for irrigation
water.

Kumer

Along the same Gandawuha river as the first
teo projects, a 2 ha site with a wide variety of
vegetables fruit being grown. Again a large pool
which never dries (i.e. sub-surface flow) with
max. head in dry scason of 13.5 meter with pipework
requirements of 50 m. Due to flooding a hand dug
well would be necessarv.

[t was notived during the site investigation
that, particularly in the small basin irrigation
plots there is a evidence of salination. The
recommendation for an irrigation advisor be posted
to Shehdi for some months to assist the agricultural
officer in training in irrigation techniques and to
investigate further the water and soil properties
was suggested to the senior Gomdar regional

administrater.
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DESIGN PROVIDED BY: Solar Flectric International
STAND-ALONE SYSTEM DESIGN PRCGRAM (PV/WATER PUMP)
(SASY/M Ver 5.2 6/70/86)
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CUSTOMER: UNIDO SURVEY DATE 8TH DECEMBER 1986
ADPRESS: ETHIOPIA OFER: J GOODMAN
APPLICATICN: AC WATER PUOMPING a

e o emas ererm wErer e e e e T W b Sh e e e Mn men s s - e Ema c e e E e s -

NOTE: SHEHDI JRRIGATION SITE
INSOLATION DATA LOCATION: METEMA (User Supplied)

LATITUDE: 12.95 DEG N LONGITUDE: 36.07 DEG E
GROUND REFLECTANCE: .20 (J)

WIRING INFORMATION: 60 FT. (ROUND TRIP) OF 8 GAUGE WIRE

------------ ARRAY-----====—--m ----==---PUMP SYSTEM~---=----
TILT ANGLE: 15.0 DEGREES Grundfos SP4-8
MAX. PWR. CURRENT: 12.2 A. 102 VDC 1500 W XX-5
MAXIMUM POWER: 1486.0 W. COUPLED TO ARRAY @ 105 VOL:i¢
AS INC M55 3.05 A. @ 17.4 V, AVG. DAILY OUTPUT: 45.5 CO. ™
7 (S) X 4 (P) = 28 TOTAL SYSTEM HEAD: 22.0 M.

e e e Es eram et e s e Eramm e e emar e etes amm e e e et e amam e e e Emapen e am e

FLAT PANET. MEAN AIR RATNFALL AVG.

MONTH LANG LANG TEMP (C) (AVG. MM) cU.M/DrY
JAN 457 527 26.89 NA 46.7
FEB 514 566 29.6 NA 47 6
MAR 535 957 30.1 NA 47.4
APR 554 548 28.9 NA 47.2
MAY 516 493 28.7 NA 44.3
JUN 494 465 27.8 NA 42.9
JUL 477 453 26.1 NA 42.6
AUG 414 406 26.0 NA 39.0
SEP 478 489 26.0 NA 45.2
OCT 511 551 27.3 NA 48.0
NOV 497 566 27.9 NA 48.13
DEC 465 545 27.5 NA 47.3

NOTE: ARRAY TO FACE TRUE SOUTH

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.
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DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)
. (SASY/M Ver 5.0 6/20/86)
COSTOMER: UNIDO SURVEY DATE: 8TH DECEMBER 1986
ADDRESS: ETHIOPIA OPER: J GOODMAN

APPLICATION: AC WATER PUMPING

NOTE: SHEHDI IRRIGATION SITE
INSOLATION DATA LOCATION: METEMA (User Supplied)

LATITUDE: 12.95 DEG N LONGITUDE: 36.07 DEG E
GROUND REFLECTANCE: .20 (J)

Erar e etar @A Er  EEher GG T EtEr MEE G WA A W W CEme M @emes @wemea e wwme DSwe wEmw -

WIRING INFORMATION: 60 FT. -(ROUND TRIP) OF 8 GAUGE WIRE

------------ ARRAY-~===coc==-- ---—-----PUMP SYSTEM-----=~--
RORIZONTAL (N-S) AXIS TRACKING Grundfos SP4-8
MAX. PWR. CURRENT: 9.1 A. 102 VDC 1500 W XX-5
MAXIMUM POYER: 1114.5 ¥W. COUPLED TO ARRAY @ 105 VOLTS
AS INC M55 3.05 A. @ 17.4 V. AVG. DAILY OUTPUT: 46.6 CU.M
7 (S) X 3 (P) = 21 TOTAL SYSTEM HEAD: 22.0 M.

FLAT PANEL MEAN AIR RAINFALL AVG.
MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY
JAN 457 598 26.9 NA 44.9
- FEB 514 670 29.6 NA 48.3
MAR 535 686 30.1 NA 49.3
APR 554 696 28.9 NA 49.9
MAY ‘ 516 638 28.7 NA 47.2
JUN 494 607 27.8 NA 46.0
JUL 477 584 26.1 NA 45.3
AUG 414 501 26.0 NA 39.3
SEP 478 601 26.0 MA 486.7
‘ OCT 511 660 27.3 NA 49.2
NOV 497 651 27.9 NA 47.8
DEC 465 611 27.5 NA 45.3

NOTE: TRACKER LIMIT ANGLE IS 45.0 DEGREES FROM THE VERTICAL POSITION.

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.
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DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)
(SASY/M Ver 5.0 6/20/86) .
CUSTOMER: UNIDO SURVEY DATE: 8TH DECEMBER 1986
ADDRESS: ETHIOPIA OPER: J GOODMAN

APPLICATION: AC WATER PUMPING

NOTE: SHEHDI IRRIGATION SITE
INSOLATION DATA LOCATION: METEMA (User Supplied)

LATITUDE: 12.95 DEG N LONGITUDE: 36.07 DEG E
GROUND REFLECTANCE: .20 (J)
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WIRING INFORMATION: 60 FT..(ROUND TRIP) OF 8 GAUGE WIRE

------------ ARRAY---=-oeem=—- -m===-=---PUMP SYSTEM---=-----
HORIZONTAL (N-5) AXIS TRACKING Grundfos SP4-8
MAX. PWR. CURRENT: 12.2 A. 102 VvDC 1500 W XX-5
MAXIMUM POWER: 1486.0 W. COUPLED TO ARRAY @ 105 VOLTS
AS INC M55 3.05 A. @ 17.4 V. AVG. DAILY OUTPUT: 57.8 CU.M
7 (5) X 4 (P) = 28 TOTAL SYSTEM HEAD: 22.0 M.

——— memwr e e @ e G nen e S e Eher i e e AT e mem e e e e e e —-——

FLAT PANEL MEAN AIR RAINFALL AVG.

MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY
JAN o7 598 26.9 NA 55.9
FEB 514 670 29.6 NA 59.2
MAR 5356 686 30.1 NA 60.5
APR 554 696 28.9 NA 61.2
MAY 516 638 28.7 NA 58.7
JUN 494 607 27.8 NA 57.6
JUL 477 584 26.1 NA °6.9
AUG 414 501 26.0 NA 51.2
SEP 479 601 26.0 NA 58.1
oCT 511 660 27.3 NA 60.0 -
NOV 497 651 27.89 NA 58.5
DEC 465 611 27.5 NA 56.1

NOTE: TRACKER LIMIT ANGLE IS 45.0 DEGREES FROM THE VERTICAL POSITION.

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.
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DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)
. (SASY/M Ver 5.0 6/20/886)

CUSTOMER: UNIDO SURVEY DATE: 8TH DECEMBER 1886
ADDRESS: ETHIOPIA OPER: J GOODMAN

APPLICATION: AC WATER PUMPING

NOTE: KUMER
INSOLATION DATA LOCATION: METEMA (User Supplied)

LATITUDE: 12.95 DEG N LONGITUDE: 36.07 DEG E
GROUND REFLECTANCE: .20 (J)

WIRING INFORMATION: 60 FT. (ROUND TRIP) OF 8 GAUGE WIRE

------------ ARRAY----=------- ~--~-----PUMP SYSTEM-~-------

HORIZONTAL (N-S) AXIS TRACKING Grundfos SP8-4

MAX. PWR. CURRENT: 12.2 A. * 102 VDC 1500 W XX-5

MAXIMUM POWER: 1486.0 W. COUPLED TO ARRAY @ 105 VOLTS

AS INC M55 3.05 A. @ 17.4 V. AVG. DAILY OUTPUT: 81.2 CU.M
7(S) X 4 (P) = 28 TOTAL SYSTEM HEAD: 17.0 M.

- e @ Emas G GEGE ST @@ e e Mt G e e e G EEr e S AW ewErE - -

FLAT PANEL MEAN AIR RAINFALL AVG.
MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY
JAN 457 598 26.9 1 78.6
FEB 514 670 29.6 0 " 84.4
MAR 5356 686 30.1 0 86.1
APR 554 696 28.9 1 87.3
MAY 516 €38 28.7 67 82.4
JUN 494 607 27.8 160 30.3
JUL 477 584 26.1 208 78.8
AUG 414 501 26.0 211 67.4
SEP 479 601 26.0 187 81.3
OCT 511 6690 27.3 45 85.8
NOV 497 651 27.9 4 83.5
DEC 485 €11 27.5 0 79.2
NOTE: TRACKER LIMIT ANGLE IS 45.0 DEGREES FROM THE VERTICAL POSITION.




DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)
(SASY/M Ver 5.0 6/20/886) .

CUSTOMER: UNIDO SURVEY DATE: B8TH DECEMBER 1986
ADDRESS: ETEIOPIA OPER: J GOODMAN

APPLICATION: AC WATER PUMPING
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NOTE: GUBA
INSOLATION DATA LOCATION: METEMA {(Usexr Supplied)

LATITUDE: 12.95 DEG N LONGITUDE: 36.07 DEG E
GROUND REFLECTANCE: .20 (J)

WIRING INFORMATION: 60 FT.' (ROUND TRIP) OF 8 GAUGE WIRE

------------- ARRAY-==~==-===-== -===-----PUMP SYSTEM-~--=-==--
TILT ANGLE: 15.0 DEGREES Grundfos SP1-28
MAX. PWR. CURRENT: 12.2 A. 102 VvDC 1500 W XX-4
MAXIMUM POYTR: 1486.0 W. COUPLED TO ARRAY @ 105 VOLTS
A5 TNC M55 3.05 A. @17.4 V. AVG. DAILY OUTPUT: 8.5 CU.M
7 /8) X 4 (P) = 28 TOTAL SYSTEM HEAD: 90.0 M.

FLAT PANEL MEAN AIR RAINFALL AVG.

MONTH LANG LANG TEMP (C) (AVC. MM) CU.M/DAY
JAN 457 527 26.9 NA 8.8
FEB 514 566 28.6 NA 9.1
MAR 535 557 30.1 NA 8.9
APR 554 548 28.9 NA 8.7
MAY 516 493 28.7 NA 8.0
JUN 494 465 27.8 NA 7.6
JUL 477 453 26.1 NA 7.6
AUG 414 406 26.0 NA 6.7
SEP 479 489 26.0 J 2N 8.3
OCT 511 551 27.3 NA 9.2 -
NOV 497 5686 27.89 NA 9.4
DEC 465 545 27.5 NA 9.0

NOTE: ARRAY TO FACE TRUE SOUTH

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEFPENDENT
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.
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DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)
(SASY/M Ver 5.0 6/20/86)
CUSTOMER: UNIDO SURVEY DATE: 3TH DECEMBER 18986
ADDRESS: ETHIOPIA OPER: J GOODMAN

APPLICATION: AC WATER PUMPING
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NOTE: GUBA
INSOLATION DATA LOCATION: METEMA (User Supplied)

LATITUDE: 12.895 DEG N LONGITUDE: 36.07 DEG E
GROUND REFLECTANCE: .20 (J)

WIRING INFORMATION: 60 FT. (ROUND TRIP) OF 8 GAUGE WIRE

------------ ARRAY-==-v==o==== ~=-------PUMP SYSTEM----=~----
HORIZONTAL (N-S) AXIS TRACKING Grundfos SP1-28
MAX. PWR. CURRENT: 12.2 A. 102 VvDC 1500 W XX-4
MAXIMUM POWER: 1486.0 W. COUPLED TO ARRAY @ 105 VOLTS
AS INC M55 3.05 A. @ 17.4 V. AVG. DAILY OUTPUT: 11.0 CU.M
7 (S) X 4 (P) = 28 TOTAL SYSTEM HEAD: 90.0 M.
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FLAT  PANEL  MEAN AIR RAINFALL AVG.

MONTH LANG  LANG TEMP (C) (AVG. MM) CU.M/DAY
JAN 457 598 26.9 NA 10.5
FEB 514 670 29.6 NA 11.4
MAR 535 686 30.1 NA 11.7
APR 554 696 28.9 NA 11.9
MAY 516 638 28.7 NA 11.2
JUN 494 607 27.8 NA 10.9
JUL 477 584 26.1 NA 10.7
~ AUG 414 501 26.0 NA 9.2
. SEP 479 601 26.0 NA 11.0
OCT 511 660 27.3 NA 11.7
NOV 497 651 27.9 NA 11.3
DEC 465 611 27.5 NA 10.6

NNTE: TRACKER LIMIT ANGLE IS 45.0 DEGREES FROM THE VERTICAL POSITION.

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.
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II.3. SUMMARY AND NOTES ON S.W. REGION WELLS, ILLUBABOR
AND WELEGA

Only the wells in the settlement villages in
Gambella were visited where the well drilling
programme is now formally closed. New areas, with
a large proposed drilling programme, are to be
developed on the southern border with Gamu Gofa.
The well log records should be forwarded to ENEC
for evaluation and inclusion in this project.

There is currently a large programme 60 Km.
S.W. of Jima; however the proximity of Jima

mitigated against investigation.

In Welega there are extensive development
plans for the construction of hydroelectric schemes
and extensicn of the grid into development areas.
Of particular interest to this project is the progress
of the mirni-hydro scheme north of Asosa. This area
has been the focus of a large well drilling programme,
extensive settlement and expansion of services
but the future, in this remote N.W. corner of the
province on the Sudan border, depends on the mini
hydro. The personnel at E.W.W.C.A. in Jima were
strongly 1n favour of the utilisation of solar water
pumping because of the real difficulty in providing
maintenance in the area. If the hydro scheme
becomes a reality then electric submersibles should
be installed otherwise re-evaluation of the wells
W.R.T. p.v. 1installations will be considered.
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NOTES:

' I11lubabor

1. In metamorphic and volcanic rocks in the Jime /Gambela
area, wells decline in discharge by 60% over 2 years.
This is the conclusion from step drawdown tests
conducted by E.W.W,.C.A. in the region, over a 2-3 years
period. This phenomena has been recorded in similar
formations in Sweden and Canada and reported in
several publications.

"Well monitoring"

and ""Groundwater Journal'.

The phenomena occurs when drilling in areas with no
other boreholes and where there appears to be an
initially higher water table, and thus greater yield,
than the eventual equilibrium state of groundwater

Hence in design considerations to account for this

recharge can account for. |
|
drop in yield - assume 40% of initial yield.

|

Original vield tests in Illubabor were e¢ither done

t9
.

by step drawdown tests or airlift tests, using a
compressor for 3 hours, with discharge measured by
Vee Notch.

As the well drilling programme for this project is
formally closed, records in Jimma were not available;
however an assumption of 40% Q leaves a margin of

safety.
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Installation Sites:

~1
.

Bara Abol (Finkao) village
Bara Abol (Finkao) viliage
Bara Abol (Finkao) village
Ubala village
Ubala villagé
Ubala village
Ubala village

Ubala village

Ubala village

I
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Location Baro Abol or Finkao Village No. S
Radiation station: Gambella
Population: 950
No. of wells: 2
Wells: aquifer type Basalt
depth 35 - 60m (for design purposes 50m)
yield 3L/S
drawdown -
Pumping units: . Hand Pump.
motor -
pump -
no. of hours of operation € 8 hrs/dav each.

fuel consumption -

Distribution: pipework 9

length None
storage None
y Array location: Vext to well
Design:
Note: With 2 wells, one fitted with solar and one remaining as hand pump is

ideal fail safe solution.




Location
Radiation station:
Population:

No. of wells:

Wells: aquifer type
depth
yield

drawdown

Pumping units:
motor
pump
no. of hours of operation

fuel consumption

Distributior: pipework P
length

storage

Array location:

Design:

Note: . As for village 5.
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Bara Abol or Finkao Village No.
Gambella

1787

2

Basalt

35 - 60m (for design S50m)

3 L/S.

Hand pump

6 - 8 hrs/day.

None

None

Next to well




DESIGN PROVIDED BY: Sclar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)
. (SASY/M Ver 5.0 6/20/86)
CUSTOMER: UNIDO SURVEY DATE: 8TH DECEMBER 1986
ADDRESS: ETHIOPIA OPER: J GOODMAN

APPLICATION: AC WATER PUMPING

NOTE: BARA ABOL OR FINKAO VILLAGES NO.5,6,7
INSOLATION DATA LOCATION: GAMBELA (User Supplied)

LATITUDE: 8.25 DEG N LONGITUDE: 34.58 DEG E
GROUND REFLECTANCE: .20 (J)

WIRING INFORMATION: 60 FT. '(ROUND TRIP) OF 8 GAUGE WIRE

------------ ARRAY---==-==e==- ====-----PUMP SYSTEM-~-------
TILT ANGLE: 15.0 DEGREES Grundfos SP2-18
MAX. PWR. CURRENT: 12.2 A. XX-5
MAXIMUM POWER: 1486.0 W. COUPLED TO ARRAY @ 105 VOLTS
AS INC Mb5 3.05 A. @ 17.4 V. AVG. DAILY OUTPUT: 16.6 CU.M
7 (8) X 4 (P) = 28 TOTAL SYSTEM HEAD: 50.0 M.

FLAT PANEL MEAN AIR RAINFALL AVG.
MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY
JAN 468 527 28.0 NA 19.89
FEB 474 511 29.2 NA 18.3
MAR 448 459 30.5 NA 17.4
APR 486 475 29.7 NA 18.1
MAY 398 379 27.4 NA 14.3
JUN 380 358 26.86 NA 13.3
JUL 370 351 26.8 NA 13.0
AUG 314 307 26.3 NA 1c.7
SEP 407 410 26.7 Na 16.0
. OCT 439 464 27.0 NA 18.2
NOV 440 488 26.1 NA 18.2
DEC 455 519 27.2 NA 19.9

NOTE: ARRAY TO FACE TRUE SOUTH

PERFCRMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.
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Locaticn Bara Abol, or Finkao Village No. 7
Radiation station: Gambella
Population: 1140
No. of wells: 2 .
Wells: aquifer type Basalt
depth 35 - o0m
yield 2 -31L/S
drawdown -

Pumping units: 2 Hand pumps
motor
pump
no. of hours of operation
fuel consumption
Distribution: pipework §
length None
storage None
Array location: Next to well. :

Design:

hote: As for village 5.
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DESIGN PRCVIDED BY:

Solar Electric International

STAND~-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)

. (SASY/M Ver 5.0
CUSTOMEPR.: UNIDO SURVEY
ADDRESS: ETHIOPIA

I 4

APPLICATION: AC WATER PUMPING

e e e e St Eaem emaE W MrEr Ve e e e e ar Gh s m St wn e s e e -

NOTE: BARA ABOL OR FINKAO VILLAGES NO.5,6,7
INSOCLATION DATA LOCATION: GAMBELA
LATITUDE: 8.25 DEG N LONGITUDE: 34.58
CROUND REFLECTANCE: .20 (J)

A Em s G Gr e e M AR S EmEE Y EEEr W W TR GhGE e Ee N e s ek e Gn ER e e e ew e e -

DATE:
OPER: J GOODMAN

6/20/86)

8TH DECEMBER 1986

(User Supplied)

DEG E

—er e M eam ey eeErE et e s am s G e e - -

WIRING INFORMATION:

60 FT. ' (ROUND TRIP) OF 8 GAUGE WIRE

------------ ARRAY---=-=-=====~ ~=====--~PUMP SYSTEM---------
HORIZONTAL (N-S) AXIS TRACKING Grundfos SP2-18
MAX. PWR. CURRENT: 12.2 A. XX-5
MAXIMUM POWER: 1486.0 W. COUPLED TO ARRAY @ 105 VOLTS
AS INC M55 3.05 A. @ 17.4 ¥, AVG. DAILY OUTEUT: 21.6 CU.M
7(S) X 4 (P) = 28 TOTAL SYSTEM HEAD: 50.0 M.
- @@ - SYSTEM DESIGN ANALYSIS----~-----
FLAT  PANEL  MEAN AIR RAINFALL AVG.
MONTH LANG  LANG TEMF (C) (AVG. HMM) CU.M/DAY
JAN 468 604 28.0 NA 24.4
FEB 474 605 29.2 NA 24.4
MAR 448 555 30.5 NA 22.8
APR 486 503 29.7 NA 24.6
MAY 398 481 27.4 NA 20.0
JUN 380 457 2€.6 A 19.0
JUL 370 443 26. 3 NA 18.3
AUG 314 368 26.3 NA 14.2
SEP 407 499 26.7 NA 21.0
. OCT 439 552 27.0 A 23.1
NOV 440 562 26.1 NA 23.5
DEC 455 588 27.2 NA 24.1
TRACKER LIMIT ANGLE IS 45.0 DEGREES FROM THE VERTICAL POSITION,

- NOTE:

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT
UPON WEATHER CONDITIONS AND ADECQUACY OF INSTALLATICN AND MAINTENANCE.
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Location Ubala, Villagesl - S
Radiation station: Abobo .
Population: 1500
No. of wells: 1
Wells: aquifer type Basalt

depth 50m.

vield . 2 - 31L/S

drawdown -
Pumping units: Hand pump

motor -

pump -

no. of hours of operation 12 hours/day

fuel consumption -

Distribution pipework ¢ None

length None

storage None .
Array location: next to well -
Design: -
Note: The queues at all village hand pump locations and the

general complaint of the amount of time waiting for water
(an opportunity time cost) warrant pump. With deep wells
1t 1s more difficult for older people and with 400
families on average taking 2 minutes minimum, that is
13.3 hrs/day.




DESIGN PROVIDED BY: ARCO SOLAR EUROPE
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)
(SASY/M Ver 4.2 12/20/85)
CUSTOMER: UNIDO SURVEY DATE: 7DEC86
ADDRESS: ETHICPIA OPER: DJS

APPLICATION: AC WATER PUMPING

NOTE: UBALA VILLAGES 1-5
INSOLATION DATA LOCATION: ABOBO ETHIOPIA (User Supplied)

LATITUDE: 7.80 DEG N LONGITUDE: 34.40 LEG E
GROUND REFLECTANCE: .20 (J)

------------ ARRAY--=-====—me—- ===r====-PUMP SYSTEM-=~=-=——-

{IORIZONTAL (N-S) AXIS TRACKING Grundfos SP2-18

{4X. PWR. CURRENT: 12.2 A. XX-5

{AXIMUM POWER: 1486.0 W. COUPLED TO ARRAY @ 105 VOLTS

\S INC M55 3.05 A. @ 17.4 V. AVG. DAILY OUTPUT: 17.6 Cu.M
7 (S) X 4 (P) = 28 TOTAL SYSTEM HEAD: 58.0 M.

FLAT PANEL MEAN AIR RAINFALL AVG.

MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY
JAN 469 608 24.5 9 20.8
FEB 469 603 26.4 40 20.4
MAR 449 567 28.3 69 19.1
APR 493 619 27.5 93 21.0
MAY 389 474 25.1 159 15.2
JUN gl 463 25.9 126 14.6
JUL 375 455 25.4 345 14.3
AUG 313 374 25.4 258 10.3
SEP 404 502 24.2 225 16.7
oCT 433 549 24 .4 184 18.8
NOV 440 566 25.4 57 19.4
DEC 457 593 23.9 3 20.5

NOTE: TRACKER LIMIT ANGLE IS 45.0 DEGREES FROM THE VERTICAL POSITION.

PERFORMANCE CF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT
UPON WEATHER CONDITICNS AND ADEQUACY COF INSTALLATICH AND MAINTENARCE.




Location
Radiation station:
Population:

No. of wells:

Wells: aquifer type
depth

yield

drawdown

Pumping units:

motor

pump

no. of hours of operation

fuel consumption

Distribution: pipework 9

length

storage

Array location:

Design:

Ubala, Villare No. 6 (latelled UB 14)

Abobo
800

1 with motor, 2 handpumps.

Basalt
86m

3 -41L/S

Kirloskar RD-2, 12.5 KVA
Submersible

1 hr/day

2 g, 4 No. 90° bends

4000 litre, 4 metres top elevation above

borehole.

[mmediatelyv adiacent to B.H.

Note: 6 villages in UBALA all fitted with IMII except UBLJ4. min. depth 24m,

— max depth 86m (UB14) average

40 - S0m, vield 2-3 L/S.
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DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PRCGRAM (PV/WATER PUME)
. (SASY/M Ver 5.0 6/20/86)
CUSTOMER: UNIDO SURVEY DATE: 8TH DECEMBER 1986
ADDRESS: ETHIOPIA OPER: J GOODMAN

APPLICATION: AC WATER PUMPING

NOTE: UBALA VILLAGE NO.6 (UB 14 EWWCA)
INSOLATION DATA LOCATION: ABOBO (User Supplied)

LATITUDE: 7.80 DEG N LONGITUDE: 34.60 DEG E
GROUND REFLECTANCE: .20 (J)

e meamee @A EEIE EEE@mE W@ EEE wEEw e E GG G WA e e W W A e -

WIRING INFORMATION: 60 FT. (ROUND TRIP) OF 8 GAUGE WIRE

---------- ARRAY-----==-vv=—- -====-=---PUMP SYSTEM---------
TILT ANGLE: 1.0 DEGREES Grundfos SP1-28
MAX. PWR. CURRENT: 12.2 A. 102 VDC 1500 W XX-4
MAXIMUM POWER: 1486.0 W. COUPLED TO ARRAY @ 105 VOLTS
AS INC M55 3.05 A, @ 17.4 V. AVG. DAILY OUTFUT: 7.4 CU.M
7 (8) X 4 (P) = 28 TOTAL SYSTEM EHEAD: 86.0 M.

- e ew e e, - - ——e— e Emer weme @wmea @ EEme EEm e e G e W erer e e - - -

FLAT PANEL MEAN AIR RAINFALL AVG.
MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY
JAN 469 527 24.5 NA 9.3
FEB 469 504 26.4 NA 8.7
MAR 449 459 28.3 NA 8.0
APR 493 481 27.5 NA 8.3
MAY 388 371 25.1 NA 6.0
JUN 381 358 25.9 NA 5.6
JUL 375 355 28. 4 NA 5.8
AUG 313 305 25.4 NA 4.4
SEP 404 406 24.2 NA 7.2
- OoCT 433 456 24.4 NA 8.2
NOV 440 487 25.4 NA 8.7
DEC 457 520 23.9 NA a.13

NOTE: ARRAY TO FACE TRUE SOUTH

PERFORMANCE OF SYSTEM AT INSTALLATICON 3ITE WILL VARY DEPENDENT
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.
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DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)
(SASY/M Ver 5.0 6/20/88)
CUSTOMER: UNIDO SURVEY DATE: 8TH DECEMBER 1986
ADDRESS: ETHIOPIA A OFER: J GOODMAN

APPLICATION: AC WATER PUMPING

NOTE: UBALA VILLAGE NO.6 (UB 14 EWWCA)
INSOLATION DATA LOCATION: ABORO (User Supplied)

LATITUDE: 7.80 DEG N LONGITUDE: 34.60 DEG E
GROUND REFLECTANCE: .20 (J)

e ar e arer EaEm e T e A s e diar A EE e an e ErE S A A S W AL T A A R E i e e En e Emamar e e a e e

WIRING INFORMATION: 60 FT. (ROUND TRIP) OF 8 GAUGE WIRE

------------ ARRAY-—~-—--o==—- =--------PUMP SYSTEM-----=--=
HORIZONTAL (N-S) AXIS TRACKING Grundfos SP1-28
MAX. PWR. CURRENT: 12.2 A. 102 VDC 1500 W XX-4
MAXIMUM POWER: 1486.0 W. COUPLED TO AKRAY @ 105 VOLTS
AS INC M55 3.05 A. @ 17.4 V. AVG. DAILY OUTPUT: ©.8 CU.M
7(S)Y X 4 (P) = 28 TOTAL SYSTEM HEAD: 86.0 M.

FLAT PANEL MEAN AIR RAINFALL AVG.
MONTH LANG LANG TEMP (C) (AVG. M) CU.M/DAY
JAN 469 605 24.5 NA 11.3
FEB 469 598 26.4 NA 11.1
MAR 449 560 28.3 NA 10.5
APR 493 613 27.5 NA 11.4
MAY 389 469 25.1 NA 8.7
JUN g1 458 25.9 NA 8.4
JUL 375 450 25.4 NA 8.2
AUG 313 367 25.4 NA 6.1
SEP 404 494 24.2 NA 9.4
OoCT 433 543 24.4 NA 10.4
NOV 440 562 25.4 NA 10.6
DEC 457 590 22.9 NA 11.2

NOTE: TRACKER LIMIT ANGLE IS 4<5.0 DEGREES FROM THE VERTICAL POSITION.

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.
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II.3 ARUSI PROVINCE

‘ Location Aburra Village or Ogolcha
Radiation station: Ogolcha
’ Population: 3500
No. of wells: 1
Wells: aquifer type -
depth 63m
yield 5.8 L/S for 24 hours
drawdown Im
Pumping units: Broken hand pump.
motor
pump

No. of hours of operation

Fuel consumption

Distribution: pipework # 1" 2
lengtn 230 m.
storage 1 2% This will be removed and a

storage tank to elevation or
im. placed beside the B.H. and
gravity feed to school and

village.
Array locations: Besides B. H.
Design: Q = 2.51L/s

TDH = 353m.

-
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DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUME)
(SASY/M Ver 5.0 6/20/86)

——— e e eman e - —e— mEme meme meme e e meman e e emama - - - - = am -— .

CUSTOMER: UNIDO SURVEY DATE: 8TH DECEMBER 1886
ADDRESS: ETHIOFPIA OFER: J GOODMAN
APPLICATION: AC WATER PUMPING *

NOTE: OGOLCHO-ABURRA VILLAGE
INSOLATION DATA LOCATION: OGOLCHO (User Supplied)

LATITUDE: 8.06 DEG N LONGITUDE: 39.03 DEG E
GROUND REFLECTANCE: .20 (J)

WIRING INFORMATION: 60 FT. (ROUND TRIF) OF 8 GAUGE WIRE

------------ ARRAY-====—=-==== -=-=-----PUMP SYSTEM---------
TILT ANGLE: 15.0 DEGREES Grundfos SP4-8
MAX. PWR. CURRENT: 12.2 A. 102 vDC 1500 W XX-5
MAXIMUM POWER: 1486.0 W. COUPLED TO ARRAY @ 105 VOLTS
AS INC M55 3.05 A. @ 17.4 V. AVG. DAILY OUTPUT: 32.8 CU.M
7 (8) X 4 (P) = 28 TOTAL SYSTEM HEAD: 33.0 M.

e m e Enem e e en e e e - e ErERE W Er Y e e S e e eemar e e meme e e - W=

FLAT PANEL MEAN AIR RAINFALL AVG.

MONTH LANG LANG TEMP (C) (&VG. MM) CU.M/DAY
JAN 505 569 18.3 NA 37.9
FEB 524 565 19.4 NA 37.8
MAR 520 532 20.1 NA 35.7
APR 501 489 20.8 NA 32.7
MAY 484 457 20.7 NA 30.3
JUN 474 440 20.2 A 29.0
JUL 403 381 18.5 lia 24.4
AUG 433 418 1.1 VA 27.8
SEP 422 425 18.8 NA 28.4
OoCT 504 533 19.3 NA 35.9
NOV 501 557 17.9 Na 37.4
DEC 472 539 17.5 MN& 26.4

NOTE: ARRAY TO FACE TRUE SOUTH

FERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEFPENDENT
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.
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DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)
. (SASY/M Ver 5.0 6/20/86)
CUSTOMER: UNIDO SURVEY DATE: 8TH DECEMBER 1986
ADDRESS: ETHIOPIA OPER: J GOODMAN

APPLICATION: AC WATER PUMPING

NOTE: OGOLCBO-ABURRA VILLAGE
INSOLATION DATA LOCATION: OGOLCHO (User Supplied)

LATITUDE: 8.06 DEG N LONGITUDE: 39.03 DEG E
GROUND REFLECTANCE: .20 (J)

WIRING INFORMATION: 60 FT.  (ROUND TRIP) OF 8 GAUGE WIRE

------------ ARRAY------=-=--- -~-------PUMP SYSTEM---------
HORIZONTAL (N-S) AXIS TRACKING Grundfos SP4-8
MAX. PWR. CURRENT: 9.1 A. 102 VDC 1500 W XX-5
MAXIMUM POWER: 1114.5 W. COUPLED TO ARRAY @ 105 VOLTS
AS INC M55 3.05 A. @ 17.4 V. AVG. DAILY OUTPUT: 31.5 CU.M
7(s) X 3 (P) = 21 TOTAL SYSTEM HEAD: 33.0 M.

e s EEmes Er e e ws EGeemen EnEn e ec e A e e A S Er e G e e G Er A AR e e em em  em e e e v

FLAT PANEL MEAN AIR RAINTALL AVG.
MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY
JAN 505 656 18.3 NA 35.1
FEB 524 675 19.4 NA 36.3
MAR 520 660 20.1 NA 35.3
APR 501 624 20.8 NA 32.8
MAY 484 597 20.7 NA 31.1
JUN 474 533 20.2 NA 30.3
JUL 403 487 19.5 HA 23.2
AUG 433 529 13.1 N4 25.86
SEP 422 518 13.8 LA 2.9
. OoCT 504 642 1.3 NA 34.3
NOV 501 648 17.9 NA 34.7
DEC 472 612 17.5 NA 32.4

NOTE: TRACKER LIMIT ANGLE IS 45.0 DEGREES FROM THE VERTICAL FOSITION,

FPERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY LEFPENDENT
JPON WEATHER CONDITICONS AND ADEQUACY OF INSTALLATION AND MAINTLENANCE.
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DESIGN PROVIDED BY: Solar Elec*ric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)
(SASY/M Ver 5.0 6/20/86)
CUSTOMER: UNIDO SURVEY DATE: 8TE DECEMBER 1986
ADDRESS: ETHIOPIA OFER: J GOODMAN

APPLICATION: AC WATER PUMPING

NOTE: OGOLCHO-ABURRA VILLAGE
INSOLATION DATA LOCATION: OGOLCHO (User Supplied)

LATITUDE: 8.06 DEG N LONGITUDE 39.03 DEG E
GROUND REFLECTANCE: .20 (J}

WIRING INFORMATION: 60 FT. (ROUND TRIP) OF 8 GAUGE WIRE

------------ ARRAY==-----=-—--- ~-=-=----PUMP SYSTEM---------
HORIZONTAL (N-S) AXIS TRACKING Grundfos SP4-8
MAX. PWR. CURRENT: 12.2 A. 102 VDC 1500 W XX-5
MAXIMUM POWER: 1466.0 W. COUPLED TO ARRAY @ 105 VOLTS
AS INC M55 3.05 A. @ 17.4 V. AVG. DAILY OUTPUT: 43.2 CU.M
7 (S) X 4 (P) = 28 TOTAL SYSTEM HEAD: 33.0 M.

FLAT PANEL MEAN AIR RAINFALL AVG.
MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY
JAN 505 656 18.3 NA 46.6
FEB 524 675 18.4 NA& 47.8
MAR 520 €660 20.1 NA 47.1
APR 501 624 20.9 NA 44.8
MAY 484 597 20.7 NA 43.1
JUN 474 583 20.2 NA 42.2
JUL 403 487 19.5 NA 24.9
AUG 433 £29 1.1 NA 38.5
SEP 422 519 2.8 LA 37.8
oCT 504 642 18.3 NA 46.1
NOV 501 648 17.9 HA 46. 3
DEC 472 612 17.5 1A 44 .0

NOTE: TRACKER LIMIT ANGLE IS 45.0 DEGREES FROH THE VERTICAL POSITION.

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT
UPON WEATHER CONDITIONS AND ADEQUACY QF INSTALLATION AND MAINTENANCE.
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SUMMARY AND NOTES ON SOUTHERN REGION WELLS

- Sidamo, Gamu-Gofa, Bale.

Southern Sidamo is a vast area inhabited by nomads who
move seasonally across the province visiting the traditional
wells, ellas, en route. Many of the new wells drilled by
the EWWCA/Canadian aid team are situated in these traditional
well locations where thare are some small permanent settlements
such as Elleh and EL.Gofa The seasonal demand for water varies
enormously as the cattle herds pass through. This fluctua-
tion in seasonal demand cannot be met by existing solar pumps;
if it could it would be economically inadvisable. The tradi-
tional wells are maintained by the inhabitants and provide the
extra seasonal demand; the solar pumps sized for these areas
allow for some stock watering, potable water for the local
people and some surplus for small scale irrigation as is
occuring at EL Gofa  Storage facilities at these sites could
be greatly extended, initially utilizing the cattle troughs
which are not very well designed for stock watering (0.3m wide
walls are too wide for sheep and goats).

No population figure was available for Chilango, and
with a system head of 89 metres TDH and output of 1(.8 m3
this is a marginal site unless there are traditional wells
nearby. Dolo Mekala No. 1, where the diesel pump has been
cut of action £oT months, the svstemtuead at 111.5m TDH is
very high with an output of 8.7 m3/dayv with tracking.
However, if onsite storage and distribution svstem is provided,
the TDH reduces to 95m and output increases to 10.2m3/day.
There are traditional wells here.

All information on the current well drilling programme
should be obtained by ENEC from EWWCA for evaluation in this
and future projects.
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NOTES - SIDAMO, GAMU GOFA, BALE

1. In Sidamo region the-e is an ongoing prog:-amme of
well drilling by E.W.W.C.A. with 3 wells wh:.ch have
just been drilled at:

Kidale No. 1 )} 7 Km north of Yavel.lo
Chalkasa )
Derdoto } all in Arero

Information on these wells should be obtained by the
Ministry (well dat-, populations served) and
system sized for viabiiity.

2. In Gamu- .fa, only the wells south of Arba Minch were
reviswed (apart from Wachyga Busha).

a) Kc.si No.l; town supply with booster station.
b) Gato No. 1; 120m well depth produced artesian
flow.

c) Gardula No. 4 or TISHEMELE (10 km south of Gato).

aquifer: All fine sands + Silts with some clays

(i.e. clluvials)

depth: 82m

S.W.L.: 5.4m

Airlift test: 108 L/Min for 7 hours.
d) GARDULA No. :

fGumaide No. 2)

acquifer tvpe: Broken basalt

deptn 70m

S.W.L. 33.08 PWL. 43m

Drawdown: 9m at Q = 150 L/Min. after 9 hrs pumping

. Specific capacity: 16.7 L/Min./hr.

Safe yield: ? 1.5 L/S assume
Recommended pump level 45m.

Population: approx. 5000




Installaticn: Mono lift pumping with Lister diesel
and 4m3 storage.

Design: Q; 1.5 L/S, TDH = 55m

Note: See survey.

L
.

In BALE province,where 21% of the population now
have access to potable water, the highest percentage

in Ethiopia, there are no deep boreholes. EWWCA is
heavily involved in the highlands, where spring
development and hand dug wells with hand pumps are
the basis of this encouraging committment.




Installation Sites:

Sidamo

1. El1 Leh No. 1
2. El1 Gofa No. 2
3. Melbana No. 1
4. Melbana No. 2

5. Chilango - to be reviewed by EWWCA.
6. Bokul Bona No. 3

7. Dolo Mekala No. 1

8. Tuka No. 1

Gamu Gofa

1. Gebele Bono XNo. 1
2.

3. Wachvga Busha (on point distribution and well surged)

Gardula No. 2
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Location El Leh No. 1

Radiation station: Moyale/Mega

Population: Small permanent settlement nearby: 5700 people

and approx. 50,000 cattle.
. No. of wells: I.B.H. and several traditional wells.

Wells: aquifer type Alluvial § Elluviall over burden
depth 42.5m S.W.L. 18.16m P.W.L. 20.80m
yield 90 L/min, specific capacity 97.3 L/min/metre
drawdown 2.64 after 19 hrs pumping at 114 L/min.

Pumping units:

motor Farymann Diesel single cylinder (S H.P.)
pump Monc flow way pump, belt driven rated 90 L/zin
(The engine huas been replaced once in 3 vears
) operation) .
no. of hours of operation 4 hours a day 21.60m>/day but max seasonal

demand 90m>/day

fuel consumption 200 - 250 litre/month.
Distribution: pipework § 29
length 40m
storage 8m> " em elevation serving 1 trough 1lm

capacity and I tap stands.

. Array location: 0.K., adjacent to B.H. in existing garden

Q = 1.5 L/Sec
TDH 20.9 « 6+ 0.9

= 27.Tm
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DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)
(SASY/M Ver 5.0 6/20/86)
CUSTOMER: UNIDO SURVEY DATE: 8TH DECEMBER 198€
ADDRESS: ETHIQOPIA OPER: J GOODMAN

APPLICATION: AC WATER PUMPING

ey W el G ever e e e G e e AR EE e e e e e et e M am r  wm e mmah e e e e e - ——

NOTE: EL LEH NO.1
INSOLATION DATA LOCATION: MEGA (User Supplied;

LATITUDE: 4.08 DEG N LONGITUDE: 38.33 DEG E
GROUND REFLECTANCE: .20 (J)

e e an G E@Eme @@we EEa TS EGEe e e S e i e e SR Ge e e o

WIRING INFORMATION: 60 FT..(ROUND TRIP) OF 8 GAUGE WIRE

------------ ARRAY---—-—---~-- ---------PUMP SYSTEM---------
TILT ANGLE: 15.0 DEGREES Grundfos SP4-8
MAX. PWR. CURRENT: 12.2 A. 102 VDC 1500 W XX-5
MAXIMUM POWER: 1486.0 W. COUPLED TO ARRAY @ 105 VOLTS
AS INC M55 3.05 A. @ 17.4 V. AVG. DAILY OUTPUT: 36.5 CU.M
7 (S) X 4 (P) = 28 TOTAL SYSTEM HEAD: 28.0 M.

FLAT PANEL MEA:. AIR RAINFALL AVG.
MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY
JAN 518 574 20.9 NA 43.6
FEB 527 560 18.5 NA 42.8
MAR 518 524 20.86 NA 40.6
APR 434 468 19.6 NA 37.0
MAY 383 362 18.2 NA 28.2
JUN 442 4086 16.9 N4 32.0
JUL 410 382 16.3 NA 30.0
AUG 373 359 16.G N4 28.1
SEP 498 495 17.8 NA 38.¢
OCT 442 460 18.3 NA 38.8
NOV 475 518 1.8 NA 40.6
DEC 456 510 20.4 NA 39.9

NOTE: ARRAY TO FACE TRUL ZOUTH

CERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDINT
UPON WEATHER CONDITIONS AND ADEQUACY Or INSTALLATION AND MAINTENANCE.




- 165 .

DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)
. (SASY/M Ver 5.0 6/20/86)
CUSTOMER: UNIDO SURVEY DATE: 8TH DECEMBER 1986
ADDRESS: ETHIOPIA QOPER: J GOODMAN

" APPLICATION: AC WATER PUMPING

e Er e v GE R e emee ememar e er e e e e e @ Er e e e e T W - e e e e

NOTE: EL LEH NO.1
INSOLATION DATA LOCATION: MEGA (User Supplied)

LATITUDE: 4.08 DEG N LONGITUDE: 38.33 DEG E
GROUND REFLECTANCE: .20 (J)
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WIRING INFORMATION: 60 FT. -(ROUND TRIP) OF 8 GAUGE WIRE

------------ ARRAY-===-=======- --==-----PUMP SYSTEM---=------
HORIZONTAL (N-S) AXIS TRACKING Grundfos SP4-8
MAX. PWR. CURRENT: 9.1 A. 102 VDC 1500 W XX-5
MAXIMUM POWER: 1114.5 W. COUPLED TO ARRAY @ 105 VOLTS
AS INC M55 3.05 A. @ 17.4 V. AVG. DAILY OUTPUT: 36.4 CU.M
7 (S) X 3 (P) = 21 TOTAL SYSTEM HEAD: 28.0 M.

—emEr e e er e emas Eremas e e Es LG i ASe et e E TR AT e e s e em e e em e

FLAT PANEL MEAN AIR RAINFALL AVG. -
MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY
JAN 518 667 20.9 NA 42.5
FEB 527 673 19.5 NA 43.0
MAR 518 654 20.6 NA 42.0
APR 484 603 19.86 NA 38.8
MAY 383 465 18.2 NA 27.8
JUN 442 546 16.9 NA 34.7
JUL 410 502 16.3 NA 31.1
AUG 373 450 16.9 NA 26.5
SEP 498 624 17.9 NA 40.3
OoCT 442 551 18.3 NA 35.2
NOV 475 604 18.8 NA 38.0
DEC 456 582 20.4 KA 37.1

*  NOTE: TRACKER LIMIT ANGLE IS 45.0 DEGREES FROM THE VERTICAL POSITION.

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.
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DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)
(SASY/M Ver 5.0 6/20/86)
CUSTOMER: UNIDO SURVEY DATE: 8TH DECEMBER 1986
ADDRESS: ETHIOPIA OPER: J GOODMAN

APPLICATION: AC WATER PUMPING

NOTE: EL LEH NO.1
INSOLATION DATA LOCATION: MEGA (User Supplied)

LATITUDE: 4.08 DEG N LONGITUDE: 38.33 DEG E
GROUND REFLECTANCE: .20 (J)
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WIRING INFORMATION: 60 FT.. (ROUND TRIP) OF 8 GAUGE WIRE

------------ ARRAY----=-==-—-—— ---------PUMP SYSTEM------=--
HORIZONTAL (N-S) AXIS TRACKING Grundfos SF4-8
MAX. PWR. CURRENT: 12.2 A. 102 VDC 15C0 W XX-5
MAXIMUM POWER: 1486.0 W. COUPLED TO ARRAY @ 105 VOLTS
AS INC M55 3.05 A. @ 17.4 V. AVG. DAILY OUTPUT: 48.1 CU.M
7(S) X 4 (P) = 28 TOTAL SYSTEM HEAD: 28.0 M.
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FLAT PANEL MEAN AIR RAINFALL AVG.
MONTH LANG LANG TEMP (C) (AVG. MM CU.M/DAY
JAN 518 667 20.9 NA 53.8
FEB 527 673 18.5 JA 54.5
MAR 518 654 20.6 HA 53.6
AFR 484 603 i5.6 NA 0.4
MAY 382 465 18.2 NA 39.8
JUN 442 546 16.9 NA 4F.5
JUL 410 502 i6.3 NA 43.1
AUG 373 450 16.9 NA 38.4
SEP 438 624 17.9 NA 1.9
oCT 442 551 18.3 NA 47.0
NOV 475 604 18.8 NA 50.4
DEC 456 582 20.4 NA 48.7

NOTE: TRACKER LIMIT ANGLE IS 45.0 DEGREES FROM THE VERTICAL PCSITION. .

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPCNDENT
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.




Location ‘ EL Gota Neo. 2

Radiation station: Moyale/Mega

Population: Small permanent settlement, seasonal grazing

No. of wells: I.B.H. and several * iitional wells (ellas)

Wells: aquifer type Alluvium

’ depth 48m S.W.L. 27.36, P.W.L. 27.76

yield 2.5 L/Sec Specif capacity 810.8 L/min/metre.
drawdown 0.4m after 9 hrs pumping at Q = 300 L/min.

Pumping units:
motor 12.4 H.P. Lister, 10KVA

pump 7.5 H.P. Pleuger submersible rated 109 1/min.
at 150m head. Pump set 38m. below ground.

no. of hours of operation Full storage but would pump 12 hrs a day if
cattle around, Max Demand 86m3/day.

fuel consumption -

Distribution: pipework 9 29
length 64m.
storage 8m3, 6m elevation serving 2 t p stands and

1 cattle trough (1 I/2m X 20m XN 0.4m)

. Array location: Would have to be placed south or the storage
tank - pumr house and B.H. are north of
storage.

@ = 2 L/Sec max.

TOH = 368 + 6+ 6 = S0m
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DESIGN PROVIDED BY: Solar Electric Internatiocnal
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)
(SASY/M Ver 5.0 6/20/86)
CUSTOMER: UNIDO SURVEY DATE: 8TH DECEMBER 1986
ADDRESS: ETHIQOPIA OPER: J GOODMAN

APPLICATION: AC WATER PUMPING
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NOTE: EL GOFA NO.2
INSOLATION DATA LOCATION: MEGA {User Supplied)

LATITUDE: 4.08 DEG N LONGITUDE: 38.33 DEG E
GROUND REFLECTANCE: .20 (J)

WIRING INFORMATION: 60 FT. (ROUND TRIP) OF 8 GAUGE WIRE

------------ ARRAY----—=-c-—o- ---------PUMP SYSTEM---------
TILT ANGLE: 15.0 DEGREES Grundfos SP2-18
MAX. PWR. CURRENT: 12.2 A. XX-5
MAXIMUM POWER: 1486.0 W. COUPLED TO ARRAY @ 105 VOLTS
AS INC M55 3.05 A. @ 17.4 V. AVG. DAILY OUTPUT: 18.4 CU.M
7 (S) X 4 (P) = 28 TOTAL SYSTEM HEAD: 50.0 M.

FLAT PANEL MEAN AIR RAINFALL AVG.
MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY
JAN 518 574 20.8 NA 22.3
FEB 527 560 19.5 NA 21.9
MAR 518 524 20.6 NA 20.7
APR 484 468 19.6 NA 18.7
MAY 383 362 18.2 NA 13.8
JUN 442 406 16.9 NA 15.9
JUL 410 382 16.3 NA 14.8
AUG 373 359 16.9 MNA 13.8
SEP 498 495 17.3 NA 19.8
OCT 442 460 18.3 NA 18.6
NOV 475 518 18.8 NA 20.7
DEC 456 510 20.4 NA 20.3
NOTE: ARRAY TO FACE TRUE SOUTH 7

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.
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DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)
(SASY/M Ver 5.0 6/20/86)

" CUSTOMER: UNIDO SURVEY DATE: 8TH DECEMBER 1986
ADDRESS: ETHIOPIA OPER: J GOODMAN

» APPLICATION: AC WATER PUMPING

NOTE: EL GOFA NO.2
INSOLATION DATA LOCATION: MEGA (User Supplied)

LATITUDE: 4.08 DEG N LONGITUDE: 38.33 DEG E
GROUND REFLECTANCE: .20 (J)

WIRING INFORMATION: 60 FT. (ROUND TRIP) OF 8 GAUGE WIRE

------------ ARRAY--=-—m====—- ~-=~-----PUMP SYSTEM---------
HORIZONTAL (N-S) AXIS TRACKING Grundfos SP2-18
MAX. PWR. CURRENT: 12.2 A. XX-5
MAXIMUM POWER: 1486.0 W. COUPLED TO ARRAY @ 105 VOLTS
AS INC M55 3.05 A. @ 17.4 V. AVG. DAILY OUTEUT: 24.5 CU.M
7 (S) X 4 (P) = 28 TOTAL SYSTEM HEAD: 50.0 M.
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FLAT PANEL MEAN AIR RAINFALL AVG.
MONTH LANG LANG TEMF (C) (AVG. MM) CU.M/DAY
JAN 518 667 20.89 NA 27.7
FEB 527 873 16.5 NA 28.0
MAR 518 654 20.6 NA 27.5
APR 484 603 19.6 NA 25.8
MAY 383 465 18.2 NA 19.8
JUN 442 546 16.¢ NA 23.6
JUL 410 502 16.3 HA 2l.6
AUG 373 450 16.9 NA 18.0
SEP 498 624 17.8 NA 26.5
OCT 442 551 18.3 NA 23.8
. NOV 475 604 18.8 NA 25.8
DEC 456 582 20.4 NA 24.9

NOTE: TRACKER LIMIT ANGLE IS 45.0 DEGREES FROM THE VERTICAL POSITION.

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEFPENDENT
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.



Location Melbana No. 1 - not visited.
Radiation station: Mega/Moyale
Population: 2000 people
No. of wells: 1.B.H.
Wells: aquifer type -
depth 46m
yield 100 L/min airlift test.
drawdown -

Pumping units: -

motor -

pump -

no. of hours of operation

1

fuel consumption -

Distribution: pipework #

length -

storage Sm> storage at ! metre elevations
Array location: - .
Design: Q = 1 L/S

TDH

"
[
o
3
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DESIGN PROVIDED BY: Solar Electric [nternational
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)
(SASY/M Ver 5.0 6/20/86)
CUSTOMER: UNIDQO SURVEY DATE: 8TH DECEMBER 1986
ADDRESS: ETEBIOPIA OFER: J GOODMAN

APPLICATION: AC WATER PUMPING

NOTE: MELBANA NO.1
INSOLATION DATA LOCATION: MEGA (User Supplied)

LATITUDE: 4.08 DEG N LONGITUDE: 38.33 DEG E
GROUND REFLECTANCE: .20 (J)
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WIRING INFORMATION: 60 FT. (ROUND TRIP) OF 8 GAUGE WIRE

------------ ARRAY----------—- ~==—==---PUMP SYSTEM---------
TILT ANGLE: 15.0 DEGREES Grundfos SP2-18
MAX. PWR. CURRENT: 12.2 A. XX-5
MAXIMUM POWER: 1486.0 W. COUPLED TC ARRAY @ 105 VOLTS
AS INC M55 3.05 A. @ 17.4 V, AVG. DAILY OUTPUT: 18.4 CU.M
7 (S) X 4 (P) = 28 TOTAL SYSTEM HEAD: 50.0 M.
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FLAT PANEL MEAN AIR RAINFALL AVG.
MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY
JAN 518 574 20.9 NA 22.3
FEB 527 560 19.5 NA 21.8
MAR 518 524 20.6 NA 20.7
APR 484 468 19.6 NA 18.7
MAY 383 362 18.2 NA 13.8
JUN 442 406 16.2 NA 15.9
JUL 410 382 16.3 NA 14.8
AUG 373 359 16.8 NA 13.8
SEP 498 495 17.9 NA 19.8
OoCT 442 460 18.3 NA 18.6
NOV 475 518 15.8 NA 20.7
DEC 456 510 20.4 NA 20.3

NOTE: ARRAY TO IFFACE TRUE SOUTH

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.
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DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)
(SASY/M Ver 5.0 6/20/886)
CUSTOMER: UNIDO SURVEY DATE: 8TH DECEMBER 1986
ADDRESS: ETHIOPIA OPER: J GOODMAN

APPLICATION: AC WATER PUMPING
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NOTE: MELEANA NO.1
INSOLATION DATA LOCATION: MEGA (User .Supplied)

LATITUDE: 4.08 DEG N LONGITUDE: 38.33 DEG E
GROUND REFLECTANCE: .20 (J)

WIRING INFORMATION: 60 FT. (ROUND TRIP) CF 8 GAUGE WIRE

------------ ARRAY--=--==c=~=- ---=-----PUMP SYSTEM---------
HORIZONTAL (N-S) AXIS TRACKING Grundfos SP2-18
MAX. PWR. CURRENT: 12.2 A. XX-5 4
MAXIMUM POWER: 1486.0 W. COUPLED TO ARRAY @ 105 VOLTS
AS INC M55 3.05 A. @ 17.4 V. AVG. DAILY OUTPUT: 24.5 CU.M
7 (S) X 4 (P) = 28 TOTAL SYSTEM HEAD: 50.0 M.
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FLAT PANEL MEAN AIR RAINFALL AVG.
MONTH LANG LANG TEMP (C) (AVG. NMM) CU.M/DAY
JAN 518 667 20.9 NA 27.7
FEB 527 673 19.5 NA 28.0
MAR , 518 654 20.6 NA 27.5
AFR 484 603 19.6 NA 25.8
MAY 383 465 18.2 NA 19.8
JUN 442 546 16.9 NA 23.6
JUL 410 502 16.3 NA : 21.6
AUG 373 450 16.9 NA 19.0
SEP 498 624 17.¢ NA 26.5
OCT 442 551 18.3 NA 23.8
NOV 475 604 18.8 NA 25.8
DEC 456 582 20.4 NA 4.9

NOTE: TRACKER LIMIT ANGLE IS 45.0 DEGREES FROM THE VERTICAL POSITION.

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEFENDENT
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTEZNANCE.




Location
Radiation station:
Population:

No. of wells:

Wells: aquifer type

depth

yield

drawdown

Pumping units:

motor

pump

no. of hours of operation

fuel consumption

Distribution: pipework #

iength

storage

Array location:

Melbana No. 2 - not visited.
Mega/Moyale

2600

pump installed at 70m.

2 L/S (airlift test)

Belt driven Moyno.

4m> elevated storage adjacent to B.H.

W
~
<
&
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DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)
(SASY/M Ver 5.0 6/20/86)
CUSTOMER: UNIDO SURVEY DATE: 8TH DECEMBER 1986
ADDRESS: ETHIOPIA OPER: J GOODMAN

4

AFPLICATION: AC WATER PUMPING

NOTE: MELBANA NO.2
INSOLATION DATA LOCATION: MEGA (User Supplied)

LATITUDE: 4.08 DEG N LONGITUDE: 38.33 DEG E
GROUND REFLECTANCE: .20 (J)

WIRING INFORMATION: 60 FT. "(ROUND TRIP) OF 8 GAUGE WIRE

------------- ARRAY---------—-- ---------PUMP SYSTEM---------
TILT ANGLE: 15.0 DEGREES Grundfos SP1-28
MAX. PWR. CURRENT: 12.2 A. 102 VDC 1500 W XX-4
MAXIMUM POWER: 1486.0 W. COUPLED TO ARRAY @ 105 VOLTS
AS INC M55 3.05 A, @ 17.4 V. AVG. DAILY OUTPUT: 8.8 CU.M
7 (S) X 4 (P) = 28 TOTAL SYSTEM HEAD: 80.0 M.
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FLAT PANEL MEAN AIR RAINFALL AVG.
MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY
JAN 518 574 20.8 NA 10.8
FEB 527 560 18.5 NA 10.6
MAR 518 524 20.6 NA 10.0
APR 484 468 19.6 NA 9.0
MAY 383 3€2 18.2 NA 6.4
JUN 442 406 16.9 NA 7.5
JUL 410 382 16.3 NA 7.0
AUG 373 358 16.9 HA 6.4
SEP 498 495 17.9 NA 9.6
OCT 442 460 18.3 MA 8.0
NOV 475 518 18.8 NA 10.0
DEC 456 510 20.4 NA 9.8
NOTE: ARR!’" TO FACE TRUE SOUTH *
PERFORMANCE OF SYSTEM AT INITALLATION &£°7 0 ° "ARY DEPENDENT

UPON WEATHER CONDITIONS AND A 1ACY G .- ION AND MAINTENANCE.
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DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (2V/WATER PUMP)
(SASY/M Ver 5.0 6/20/86)
) CUSTOMER: UNIDO SURVEY DATE: 8TH DECEMBER 1986
ADDRESS: ETHIOPIA OPER: J GOODMAN

* APPLICATION: AC WATER PUMPING
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NOTE: MELBANA NO.2
INSOLATION DATA LOCATION: MEGA (User Supplied)

LATITUDE: 4.08 DEG N LONGITUDE: 38.33 DEG E
GROUND REFLECTANCE: .20 (J)

—aras N GGG G GTER Emem en e EGEEEEE EEEEE AR AR R AR Eh Er Shem h AR ke ar da . A e Em e  m e e e -

WIRING INFORMATION: 60 FT. (ROUND TRIP) OF 8 GAUGE WIRE

------------ ARRAY-----——=--—— ---------PUMP SYSTEM---------
HORIZONTAL (N-S) AXIS TRACKING Grundfos SP1-28
MAX. PWR. CURRENT: 12.2 A. 102 VDC 1500 W XX-4
MAXIMUM POWER: 1486.0 W. COUPLED TO ARRAY @ 105 VOLTS
AS INC M55 3.05 A. @ 17.4 V., AVG. DAILY OUTEUT: 11.8 CU.M
7(S) X 4 (P) = 28 TOTAL SYSTEM HEAD: 80.0 M.
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FLAT PANEL MEAN AIR RAINFALL AVG.
MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY
JAN 518 667 20.8 NA 13.4
TEB 527 673 18.5 NA 13.5
MAR 518 654 20.6 NA 13.3
APR 484 603 19.6 11A :2.5
MAY 383 465 18.2 NA 9.4
JUN 442 546 16.8 NA 11.4
JUL 410 502 16.3 HA 10. 4
AUG 373 450 16.89 NA 8.0
SEP 498 624 17.9 KA 12.8
OCT 442 551 18.3 NA 11.5
NOV 475 604 18.8 NA 12.5
DEC 456 582 20.4 NA 12.0

NOTE: TRACKER LIMIT ANGLE IS 45.0 DEGREES FROM THE VERTICAL POSITION.

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT
JPON WEATHEF CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.




Location
Radiation station:
Population:

No. of wells:

Wells: aquifer type
depth

yield

drawdown

Pumping units:

motor

pump

no. of hours of operation

fuel consumption

Distribution: pipework §

length

storage

Array loca“ioa:

Design:

- 176 -
Chilango

Mega

Seasonal demand

I.B.H. « traditional wells.

Soft clay rich limestone.
losm‘ Se.W.L. SOm

20 L/min. 1/3 L/Sec spec capacity
4.27 L/min/m

16 KN Petter generator
8 HP ESP with 2C stages

Install pump 2t 83m.

Am3 4.5m above G.L.

1/3 1/3ec
81 4+ 4,5
= 89m.

Max Q
TDH

+ 1.5
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DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)
(SASY/M Ver 5.0 6/20/66)
CUSTOMER: UNIDO SURVEY DATE: 8TH DECEMBER 1986
ADDRESS: ETHIOPIA OPER: J GOODMAN

APPLICATION: AC WATER PUMPING

NOTE: CHILANGO
INSOLATION DATA LOCATION: MEGA ’ (User Supplied)

LATITUDE: 4.08 DEG N LONGITUDE: 38.33 DEG E
GROUND REFLECTANCE: .20 (J)
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WIRING INFORMATION: 60 FT. (ROUND TRIP) OF 8 GAUGE WIRE

------------ ARRAY---~—==--=-- ~----~—--PUMP SYSTEM---------
TILT ANGLE: 15.0 DEGREES Grundfos SP1-28
MAX. PWR. CURRENT: 12.2 A. 102 VDC 1500 W XX-4
MAXIMUM POWER: 1486.0 W. COUPLED TO ARRAY @ 105 VOLTS
AS INC M55 3.05 A. @ 17.4 V. AVG. DAILY OUTPUT: 8.0 CU.M
7 (S) X 4 (P) = . 28 TOTAL SYSTEM HEAD: 89.0 M.
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FLAT PANEL MEAN AIR RAINFALL AVG.
MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY
JAN 518 574 20.9 NA 10.0-
FEB 527 560 18.5 NA 9.8
MAR 518 524 20.6 NA 8.2
APR 484 468 19.6 NA 8.2
MAY 383 362 18.2 NA 5.7
JUN 442 406 16.9 NA 6.7
JUL 410 382 16.3 DA 6.2
AUG 373 358 15.9 HA 5.7
SEP 498 455 17.9 HA 8.1
oCT 442 460 18.3 NA 8.1
NOV 475 518 18.8 NA 8.2
DEC 456 510 20.4 N& 2.0

NOTE: ARRAY TO FACE TRUE S50UTH

PERFORMANCE OF SYSTEM AT INSTALLATION E£ITE WILL VARY DEPENDENT
UPON WEATHER CCNDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.
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DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATEE PUMP)
(SASY/M Ver 5.0 €/20/86)

e i an ehEmEn e M e e A man e em e memem e e e e E M @@ e Em e e e e A

CUSTOMER: UNIDOC SURVEY DATE: 8TH DECEMBER i986
ADDRESS: ETHIOPIA OPER: J GOODMAN

APPLICATION: AC WATER PUMPING
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NOTE: CHILANGO
INSOLATION DATA LOCATION: MEGA (User Supplied)

LATITUDE: 4.08 DEG N LONGITUDE: 38.33 DEG E
GROUND REFLECTANCE: .20 (J)

e om s Emmmam EelsEE Eret e e e e A GrEr e S e e AR AR G e er T Grun e e e e e e e er S anem m A an e W -

--------- -SELECTED SYSTEM DATA----------
WIRING INFORMATION: 60 FT. (ROUND TRIP) OF 8 GAUGE WIRE

------------ ARRAY-----=~==~--- ~--=--=--PUMP SYSTEM---------
HORIZONTAL (N-S) AXIS TRACKING Grundfos SP1-28
MAX. PWR. CURRENT: 12.2 A. 1C2 VDC 1500 W XX-4
MAXIMUM POWER: 1486.0 W. COUPLED TO ARRAY @ 105 VOLTS
AS INC M55 3.05 A. @ 17.4 V. AVG. DAILY OUTPUT: 10.8 CU.M
7 (S) X 4 (P) = 28 TCTAL SYSTEM HEAD: 89.0 M.

FLAT PANEL MEAN AIR RAINFALL AVG.
MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY
JAN 518 667 20.9 NA 12.4
FEB 527 673 19.5 NA 12.6
MAR 518 654 20.€ NA 12.3
APR 484 603 19.6 RA 11.4
MAY 383 485 1.2 NA 8.5
JUN 442 546 1€.9 NA 10.13
JUL 410 502 16.3 MA 9.4
AUG 373 450 16.9 A 3.1
SEFP 498 €24 17.9 NA ) 11.8
oCcT 442 551 18.3 NA 10.4
NOV 475 604 18.8 A 11 .4
DEC 4586 582 20.4 NA 16.¢

NOTE: TRACKER TIMIT ANGLE IS 45.0C DEGREES FROM THE VERTICAL PCSITICHN.

-

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT
UPCON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AHD MAINTENANCE.




Location
Radiation station:
Population:

No. of wells:

Wells: aquifer type

depth

yield

drawdown

Pumping units:

motor

pump

no. of hours of operation

fuel consumption

Distribution: pipework 9

length

storage

Arrav location:

Design:

.~
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Bokulbona No. 3

Mega.
50,00C nomads and 16,(C0 cattle seasonally.

1 Borehole, 2 Boreholes in Army camp &
small settlement 1 Km away, seasonal demand.

Sand, weatnering product of granite.

71m’ S.A.Le 39.5, Drawdown 2.59m at
R = 200 L/min (67 hours pump test)

200 L/Min or 3.3 L/sec

2.59m at yield in January.

Lister 12 HP, 10.6 KVA

7.5 HP Pluger rateé 2CC L/Nin at 10C - 120w
pump installed at 68.3m below G.L.

Army take ur to 10m>/é2y3 auring peak
stocking seagons up to 8 hrs & day
pumping 100m™ with fuel consumption

25 1itres/day. The czttle owners pay for
the dieseil,

on @
Total 10C:

8m3

Storase tank is imrmeiiztely South of pumd
rouse and borehole so zrrzv location 0 te
Soutrn of storase.

Q = 3.3 L/S max
z

-

TDE = 63 + 5 + % = 8&0m ir worst
time of yvear,




DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGHN PROGRAM (PV/WATER PUMP)
(SASY/M Ver 5.0 6/20/86)

-———— et emen e o an
-

CUSTOMER: UNIDO SURVEY DATE: 8TH DECEMBER 1986
ADDRESS: ETHIOPIA - OFER: J GOODMAN

APPLICATION: AC WATER PUMPING .

NOTE: RBOKUL BONA NO.3
INSOLATION DATA LOCATION: MEGA (User Supplied)

LATITUDE: 4.08 DEG N LONGITUDE: 38.33 DLG E
GROUND REFLECTANCE: .20 (J)

WIRING INFORMATION: 60 FT. (ROUND TRIF) OF 8 GAUGE WIRE

———————————— ARRAY--===-===~=-= ~=~~=-=~-PUMP SYSTEM---------
TILT ANGLE: 15.0 DEGREES Grundfos SP1-28
MAX. PWR. CURRENT: 12.2 A. 102 VDC 1500 W XX-4
MAXIMUM POWER: 1486.0 W. COUPLED TO ARRAY @ 105 VOLTS
AS INC M55 3.05 A. @ 17.4 V. AVG. DAILY OUTFUT: 8.€ CU.M
7 (S) X 4 (P) = 28 TOTAL SYSTEM HEAD: 80.0 M.

FLAT PANEL MEAN AIR RAINFALL AVG.
MONTH LANG LANG TEMP (C) (AVG. MM) Cl.M/DAY
JAN 518 574 20.9 NA 10.8
FEB 527 560 19.5 NA 10.6
MAR 518 524 20.6 NA 10.0
APR 484 468 19.6 A 9.0C
MAY 383 362 18.2 JA 6.4
JUN 442 406 16.9 NA 7.5
JUL 410 382 16.3 NA 7.0
AUG 373 3588 16.¢ HA 6.4
SEP 498 495 17.8 NA 8.6
OCT 442 460 18.3 NA 9.0
NOV 475 518 18.8 NA 10.0
NEC 456 510 20.4 HA 8.8

NOTE: ARRAY TO FACE TRUR SOUTH

PERFORMANCE OF SYSTEM AT INSTALLATION SITL WILL VARY DEPENDENT
UPON WEATHER CONDITIONS AND ADEQUACY OF T"NSTALLATION AND MAINTENANCE.
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DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)
(SASY/M Ver 5.0 6/20/86)
CUSTOMER: UNIDO SURVEY DATE: 8TH DECEMBER 1986
ADDRESS: ETHIOPIA CPER: J GOODMAN ;

. APPLICATION: AC WATER PUMPING

e e emes ErErer e Eeae MEds erEmes EE e W S e e et SR e Grr e et er Sr e e -

NOTE: BOKUL BONA NO.3
INSOLATION DATA LOCATION: MEGA (User Supplied)

LATITUDE: 4.08 DEG N LONGITUDE: 38.33 DEG E
GROUND REFLECTANCE: .20 (J)

e G wrws WA S e Yr S Em e S e Ememes Yrem e W er e EGEEEEE e T A S EE SR e am e W e e e e e wr Mmoo

WIRING INFORMATION: 60 FT. (ROUND TRIP) OF 8 GAUGE WIRE

------------ ARRAY---~---=====- ---------PUMP SYSTEM---------
HORIZONTAL (N-S) AXIS TRACKING Grundfos SP1-28
MAX. PWR. CURRENT: 12.2 A. 102 VDC 1500 W XX-4
MAXIMUM POWER: 1486.0 V. COUPLED TO ARRAY @ 105 VOLTS
AS INC M55 3.05 A. @ 17.4 V. AVG. DAILY OUTFUT: i1.8 CU.M
7 (S) X 4 (P) = 28 TOTAL SYSTEM HEAD: 80.0 M.

s s emEmem Ah et erem s e G WE EEER R G e es e e MR Amem e e Ermm e m e er s emam emanam  mm s we e

FLAT PANEL MEAN AIR RAINFALL AVG.

MONTH LANG LANG TEMP (C) (AVG. NMM) CU.M/DAY
JAN 518 667 20.9 NA 13.4
FEB 527 673 18.5 NA 13.5
MAR 518 654 20.8 HA 3.3
APR 484 603 19.6 NA 12.5
MAY 383 465 18.2 NA 9.4
JUN 442 546 16.9 NA 11.4
JUL 410 502 16.3 NA 10.4
AUG 373 450 16.9 NA g.¢C
SEP 488 624 17.9 NA 12.8
" OCT 442 551 18.3 NA 11.5
NOV 475 604 1.8 NA 12.5
DEC 456 582 20.4 HA 12.0

NOTE: TRACKER LIMIT ANGLE I3 45.0 DEGREES FROM THE VZRTICAL POSITION.

PERFCRMANCE OF SYSTEM AT INZTALLATION SITE WILL VARY DEPENDENT
UPON WEATHER CCNDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.




Location
Radiation station:
Population:

No. of wells:

Wells: aquifer type
depth

yield

drawdown

Pumping units:

motor

pump

no. of hours of operation

fuel consumption

Uistribution: pipework §

length

storage

Array location:

18 -

Dolo Mekala No.l
Mega

2600 + 10,000 cattle.

1 borehole and traditional wells (ellas)

Fractured Zones basement rock

13lm, S.W.L. 42.5, P.W.L. 66.6

24.1m at 75 L/min. after 25 hrs

High Fe ccntent 0.7mg/1 aimost double allowable

Mitsui Deutz 32 HP, 16KVA (countactir is broken)

8 H.P. Andoli submersible rated 20GCi/win at
135 - 160m installed at depth of f6m.

8 hrs/day, seasonal

25 litre/day at peak.

:'Y D

270 metre total

No roblems

Design: Q = 2.}5 L/Sec max
TDH = 384 + 1.7 + 5,82 + 3.5 + 13.5
= 111.52 at Q max.
Note: If storage removed to B.H. site near trough, head would be 95m (this is

more realistic).
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DESIGN PROVIDED BY: Sclar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)
(SASY/M Ver 5.0 6/20/86)
CUSTOMER: UNIDO SURVEY DATE: 8TH DECEMBER 1986
ADDRESS: ETHIQOFPIA OPER: J GOODMAN

APPLICATION: AC WATER PUMPING

- e e R Er G e e S EE A e e e @ E e Greren e e e S e e G e e s e s e G em e e s e

NOTE: DOLO MEXALA NO.1
INSOLATION DATA LOCATICN: MEGA (User Supplied)

LATITUDE: 4.08 DEG N LONGITUDE: 38.33 DEG E
GROUND REFLECTANCE: .20 (J;

—am e ertrer arEmer W N W e Sh em e am amwsm W LA R wm W  Gm s en Mk ar EnEm e e s v e et m am an Gn e we e W e s oem e

WIRING TNFORMAT.ON: 80 FT (ROUND TRIP) OF 8 GAUGE WIRE

------------ AFRAV - m e S e ~=ee=-==-PUMP SYSTEM-====--=-
TILT ANGLE: 15.0 DEGREES Grundfos SP1-28
MAX. PWi2. CURRENT: 12.2 A, 102 VvDC 1500 W XX-4
MAXIMUOM PCOWER: 1486.0 W. COUPLED TO ARRAY @ 105 VOLTS
AS INC ME5 3. A. ® 17.4 V. AVG. DAILY QUTPUT: 6.4 CU.M
7 (8) X 4 (P) = 28 TOTAL SYSTEM HEAD: 111.5 M.

——-— Emreer wwmsem W - e - p et aw  emam e e amam M o e - s - meme e e eman emEra - -

FLAT PANEL MEAN ALR {AINFALL AVG.
ONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY
JAN 518 574 20.8 NA 8.2
FEB 527 580 18.5 NA 8.1
MAR 518 524 20.6 NA 7.5
APR 484 468 19.7 NA 6.4
MAY 383 3o 18.2 NA 4.3
JUN 442 406 16.¢ NA 5.1
JUL 410 382 16.2 NA 4.7
AUG 373 358 1€.9 NA 4.2
SEP 498 485 17.9 NA 7.0
OCT 4472 460 13.3 NA 6.4
NOV 475 518 18.8 NA 7.5
DEC 456 510 20.4 NA 7.3

NOTZ: ARRAY TO FACE TRUE S0UTH

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT
UPCN WEATHER CCONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.
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DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMF)
(SASY/M Ver 5.0 6/20/86)

-

CUSTOMER: UNIDO SURVEY DATE: 8TH DECEMBER 1986
ADDRESS: ETHIOPIA OPER: J GOODMAN
APPLICATION: AC WATER PUMPING .

NOTE: DOLO MEKALA NO.1
INSOLATION DATA LOCATION: MEGA (User Supplied)

LATITUDE: 4.08 DEG N LONGITUDE: 38.33 DEG E
GROUND REFLECTANCE: .20 (J)

e e es e e S Al Eremes S e Es E AR - e uh e EEeEE EEm e e St e MEEEE EEEr e W= e e e

WIRING INFORMATION: 60 FT. (ROUND TRIP) OF 8 GAUGE WIRE

------------ ARRAY--===---e-—= w~===----PUMP SYSTEM-----=---
HORIZONTAL (N-S) AXIS TRAC.TNG Grundfos SP1-28
MAX. PWR. CURRENT: 12.2 A. 102 VDC 1500 W XX-4
MAXIMUM POWER: 1486.0 W. COUPLED TO ARRAY @ 105 VOLTS
AS INC M55 3.05 A. @ 17.4 V. AVG. DAILY OUTPUT: 8.7 CU.M
7 (S) X 4 (P) = 28 TOTAL SYSTZIM HEAD: 111.5 M.

e e iman enewes S emam mm e e am  wmamm e am am = o - —e—e e emdr W en e ememer amerer e EmEm e emw e e e

FLAT  PANEL  MEAN AIR RAINFALL AVG.
MONTH LANG  LANG TEME (C) (AVG. MM) CU.M/DAY
JAN 516 667 20.9 NA 103
FEB 527 673 19.5 NA 10.4
MAR 518 654 20.6 NA 10.2
APR 484 603 19.7 NA 9.3
MAY 383 465 18.2 NA 6.5
JUN 442 546 16.9 NA 8.2
JUL 410 502 16.3 NA 7.2
AUG 373 450 16.9 A 6.2
SEP 498 624 17.9 NA $.7
oCT 442 551 18.3 NA 8.4
NOV 475 604 18.8 NA 9.4
DEC 456 582 20 . 4 N3 8.9

HOTE: TRACKER LIMIT ANGLE IS 45.0 DEGREES FROM THE VERTICAL POSITION.

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.




Location
Radiation station:
Population:

No. of wells:

Wells: aquifer type

depth

yield

drawdown

Pumping units:

motor

pump

no. of hours of operation

fuel consumption

Distribution: pipework §

length

storage

Array location:

Design:

Note: The casing protrudes 1.5m out

This would have to be removed.

Lo

Tuka No. 1!

Moyale/Mega

20,000

2, the second well is sealed

In a seasonal river bed.

22m

1 L/Sec

10 HP Lister
14 stage suction pump belt driven giving
1/3 L/Sec (measured).

4 hrs/day

200 litres/month

No Distribution

No Storage (proposed at old road camp site)
2 9, 8S0m, elevation + om.

East of Borehole on slope above flood level

Q = 1 L/Sec.
TDH = 20 + 6 + 0.7 = 26.7m
of ground and is welded on at an angle.




DESIGN PROVIDED BY:
STAND-ALONE SYSTEM DESIGN PROGRAM
.0 6/20/86)

CUSTOMER: UNIDO SURVEY
ETHIOPIA

ADDRESS:

APPLICATION:

(SASY/M Ver 5

AC WATER PUMPING

NOTE: TUKA NO.1

INSOLATION DATA LOCATION: MEGA

LATITUDE:

WIRING INFORMATION:

TILT ANGLE:

MAX. PWR. CURRENT:

4.08 DEG N
GROUND REFLECTANCE: .2

e e en G EEs G es Ght e S ER T EreE e Em e e -

MAXIMUM POWER:

AS INC M55
7 (8) X

15.0

LONGITUDE:
0 (J)

-—— - -

DEGREES
12.2 A.
1486.0 W.

3.05 A. @ 17.4 V.
4 (P)

28 TOTAL

186 -

Sclar Electric International
(PV/VATER PUMP)

DATE: 8TH DECEMBER 1986
OPER: J GOODMAN

(User Supplied)

38.33 DEG E

e e ar wtem s eaamar s om -

60 FT. (ROUND TRIFP) OF 8 GAUGE WIRE

Grundfos SP4-8

102 VvDC 1500 W XX-F
10. .OLTS

COUPLED TO ARRAY @

AVG. DAILY OUTEU
SYSTEM EEAD:

- aemen et erEr e et mar G e Gr At Emer e R T e Er e  em e e - em e e e an wm w

MONTH

JAN
FEB
MAR
AFR
MAY
JUN
JUL
AUG
SEP
OCT
NOV
DEC

PERFORMANCE OF SYSTEM AT INSTALLATICN SITE WILL VARY DEP

FLAT
LANG

518
527
518
484
3832
442
410
373
428
442
475
456

PANE
LANG

o574
560
524
468
362
406
382
3589
4385
460
518
510

NOTE:

L MEAN AIR
TEMP (C)

20.8
18.5
20.86

19.6
18.2
16.9
16.3
16.9
17.0
18.3
16.8
20.4

ARRAY TO FACE

RAINTALL
(AVG. MM)

A
KA
NA
HA
NA
NA
RA
o

3

A

v
i

HA

TRUE SOUTH

37.7 CU.M

AYG.
CU.M/DAY

24,
44,
41,

w
w
O WNMN W o W

ENDENT

27.0 M.

UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.

-




DESIGN PROVIDED BY: Solar Electric Internaticnal
STAND-ALONE SYSTEM DESIGII PROGRAM (PV/WATER PUMFP)

(SASY/M Ver 5.

CUSTOMER: UNIDO SURVEY
ADDRESS: ETHIQFIA

» AFPLICATION: AC WATER PUMPING

NOTE: TUKA NO.1
INSOLATION DATA LOCATION: MEGA

LATITUDE: 4.08 DEG N LONGITUDE:
GROUND REFLECTANCE: .20 (J)

e s e e s e Eedmes e e e Er S mm e e Er e e e M e e es er e e e e Em e m e e e e - -

a 6/20/8
DATE:

38.33 DEG E

6)

8TH DECEMBER 1986
OFER: J GOODMAN

(User Supplied)

WIRING INFORMATION: 60 FT. (ROUND TRIP) OF 8 GAUGE WIRE

HCRIZONTAL (N-S5) AXIS TRACKING
MAYX. PWR. CURRENT: 12.2 A.
- MAXIMUM POWER: 1486.0 V.

AS INC M55 3.0 A. @ 17.4 V.
7 (S8) X 4 (P) = 28 TOTAL

FLAT PANEL MEAN AIR

MONTH LANG LANG TZMP (C)
JAN 518 667 20.8
FEB 527 673 19.5
MAR 518 654 20.6
APR 484 603 18.6
MAY 383 465 i8.2
JUN 442 546 16.9
JUL 410 502 18.3
AUG 373 450 i6.¢
SEP 498 824 17.8
OCT 442 551 12.3
NOV 475 604 13.8
DEC 456 582 20.4

NOTE: TRACKER LIMIT ANGLE IS 45.0 DE

PERFORMANCE OF SYSTEM AT INSTALLATION

Grundfos SP4-8
102 vDC 1500 W XX-5

COUPLED TO ARRAY @

AVG. DAILY OUTFUT:

SYSTEM HEA

RAINFA
(AVG.

MA
NA
HA
NA
MA
NA
NA
NA
NA
NA
NA
NA

D:

LL

M)

EVG.

105 VOLTS

42.5 CU.M
27.0 M.

CU.M/DAY

£5.
35.
55.
51.
41.
47.

O@@WMDOWMWWWOWI

GREES FRCOM THE VERTICAL POSITION.

SITE WILL VARY DLEPENDENT
UPCN WEATHER CONDITIONS AND ADEQUACY CI INSTALLATION AND MAINTENANCE.
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DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)
(SASY/M Ver 5.0 €/20/86
CUSTOMER: UNIDC SURVEY DATE: 8TH DECEMRER 1986
ADDRESS: ETHIOPIA OPER: J GOODMAN

APPLICATION: AC WATER PUMPING

NOTE: TUKA NO.1
INSOLATION DATA LOCATION: MEGA (User Supplied)

LATITUDE: 4.08 DEG N LONGITUDE: 38.33 DEG E
GROUND REFLECTANCE: .20 (J)

WIRING INFORMATION: 60 FT. (ROUND TRIP) OF 8 GAUGE WIKE

------------ ARRAY-=~=====——-—— ~-=-=------PUMP SYSTEM---=-—~—---
HORIZONTAL (N-S) AXIS TRACKING Grundfos SP4-38
MAX. PWR. CURRENT: 8.1 A. 102 VDC 1500 W XX-5
MAXIMUM POWER: 1114.5 W. COUPLED TO ARRAY @ 105 VOLTS
AS INC M55 3.05 A. @ 17.4 V. AVG. DAILY CUTPUT: 37.8% CU.M
7 (8) X 3 (p) = 21 TOTAL SYSTEM HEAD: 27.0 M.
---------- SYSTEM DESIGN ANALYSIS----------
FLAT PANEL HMEAN AIR RATNFALL AVG.
HONTH LANG LANG TEMZ (C) (AVG. MM) CU.M/DAY
JAN 518 667 20.9 A 43.8
FEB 527 673 19.5 1A 44 4
MAR 518 654 20.6 1A 43 .4
AFPR 484 603 19.6 A 40.2
MAY 383 465 18.2 HA 29.13
JUN 442 546 16.8 HA 36.2
JUL 410 502 18.3 jRY=A 32.6
A0G 373 450 16.9 HA 23.0
SEFP 488 f24 17.8 SA 41.7
oCT 442 551 13,72 A 367
NOV 475 604 12.8 10,4
DEC 456 582 20 .4 o 38.5

10TE:  TRACKER LIMIT ANGLE IS 45.0 DEGREES FRZH THE VERTICAL FOSITION.

DEZRFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DLPENDENT
UFON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATICON AND MAINTENANCE.
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DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)
(SASY/M Ver 5.0 6/20/886)
DATE: 8TH DECEMBER 1986
QPER: J GOODMAN

CUSTCOMER: UNIDO SURVEY
ADDRESS: ETHIOPIA

. APPLICATION: AC WATER PUMPING

NOTE: GEBELE BONO NO.1
INSOLATION DATA LOCATION: GIDOLE

LATITUDE: 5.62 DEG N LONGITUDE:

GROUND REFLECTANCE: .20 (J)

- vm e A Ermr Ep s e amdh em e M am e e e d e e Emer s e e emam e e mres e e e e an  m em e o am e

(User Supplied)

37.48 DEG £

. em e anam e eaer e G Emer e SR e eeer s e Et e e Er e e e e e e G Eles e emG: e e e @t e e == e

WIRING INFORMATION: 60 FT. (ROUND TKIF) OF 8 GAUGE WIRE

------------ ARRAY-=-===—=====
TILT ANGLE: 15.0 DEGREES
MAX. PWR. CURRENT: 12.2 A.

'~ MAXIMUM POVER: : 1486.0 W.
AS INC M55 3.05 A. @ 17.4 V.
7 (8) X 4 (P) = 28 TOTAL

FLAT PANEL MEAN

MONTH LANG LANG TEMP
JAN 510 568 16.
FEB 532 569 17.
MAR 452 459 17.
APR . 4397 482 17.
MAY 435 410 17.
JUN 466 429 15.
JUL 397 373 15.
AUG 380 367 15.
SEP 445 445 16.
OCT 465 437 16.
NOV 492 541 i6.
DEC 498 563 16.

AIR
(C)

w0 ) €O CO B> > (O LW N >

--------- PUMP SYSTEM---------
Grundfos SP2-18

XX-5

COUPLLD TO ARRAY @ 105 VOLTS

AVG. DAILY CUTPUT: 16.9 CU.M
SYSTEM HEAD: 55.0 M.

 rEmer e mmam e am s e amem ew e ur e erem W em e e e e e e e ememam e e e e e e -

RAINFALL AVG

(AVG. MM) CU.M/DAY
NA 20.6
NA 20.5
NA 16.7
NA 17.5
LA 14.3
A 15.1
DA 12.8
HA 12.4
RN 16.1
NA 17.8
NA 19.7
MA 20.4

NOTE: ARRAY TO FACE TRUE SOUTH

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.
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DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)
(SASY/M Ver 5.0 6/20/86)
CUSTOMER: UNIDO SURVEY : DATE: 8TH DECEMBER 1986
ADDRESS: ETHIOPIA OPER: J GOODMAN

APPLICATION: AC WATER PUMPING

—e e mewr wmer e W w e @ e e e e e mm S S Em e e eSS

NOTE: GEBELE BONO NO.1
INSOLATION DATA LOCATION: GIDOLE (User Supplied)

LATITUDE: 5.62 DEG N LONGITUDE: 37.48 DEG E
GROUND REFLECTANCE: .20 (J)

—em e emem @weme emem wmearm emme e e M mere S e me @ @E;em Eme e mEme s s S

WIRING INFORMATION: 60 FT. (ROUND TRIP) OF 8 GAUGE WIKE

------------ ARRAY-----—-—-—-- -=-====--PUMP SYSTEM---------
HORIZONTAL (N-S) AXIS TRACKING Grundfos SP2-18
MAX. PWR. CURRENT: 12.2 A. XX-5
MAXIMUM POWER: 1486.0 W. COUPLED TO ARRAY @ 105 VOLTS
AS INC M55 3.05 A. @ 17.4 V. AVG. DAILY OUTPUT: 22.6 CU.M
7(8) X 4 (P) = 28 TOTAL SYSTEM HEAD: 55.0 N.

FLAT PANEL MEAN AIR RAINFALL AVG.

MONTH LANG LANG TEMF (C) (AVG. MM) CU.M/DAY
JAN 510 658 16.4 NA 25.5
FEB 532 683 17.1 NA 26.3
MAR 452 563 17.6 NA 22.1
APR 497 620 17.3 NA 24.3
MAY 435 534 17.8 NA 20.8
JUN 466 576 15.4 NA 22.6
JUL 397 482 15.4 NA 12.4
AUG 380 458 15.8 NA 17.2
SEP 445 551 16.8 HNA 21.8
OoCT 465 585 16.8 HA 23.0
NOV 492 631 16.8 NA 24.6
DEC 493 643 16.4 NA 25 .0

NOTE: TRACKER LIMIT ANGLE IS 45.0 DEGREES FROM THL VERTICAL POSITION. .

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.
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DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)

(SASY/M Ver 5.0 6

DATE: 8TH DECEMBER 1986

CUSTOMER: UNIDO SURVEY
ADDRESS: ETHIOFIA

APPLICATION: AC WATER PUMPING

/20/86)

OPER: J GOODMAN

Eramer memew s G Er e EGh e G mete e e M et a et e S G e e e e S Er e e em e -

NOTE: GARDULA NO.Z2 (GUMAIDE)
INSCLATION DATA LOCATION: GIDOLE

LATITUDE: 5.62 DEG N LONGITUDE: 37.

GROUND REFLECTANCE: .20 (J)

(User Supplied)

48 DEG E

s erar GG ar eeemem em et e EEr s Gt et W em et e es e Er e e e e e macam e EmE e v -

WIRING INFORMATION: 60 FT. (ROUND TRIP) OF 8 GAUGE WIRE

------------ ARRAY === c==ceceem ~-~-~----PUMP "YSTEM----=—---
HORIZONTAL (N-S5) AXIS TRACKING Gri-idfos SP2-18
MAX. PWR. CURRENT: 12.2 A. XX-5
MAXIMUM POWER: -1486.0 W. COUPLED TO ARRAY @ 105 VOLTS
AS INC ME5 3.05 A. @ 17.4 V. AVG. DAILY OUT:zIT: 22.6 CU.M
7 (8) X 4 (P) = 28 TOTAL SYSTEM HEAD: .55.0 M.
---------- SYSTEM DESIGN ANALYSIS-==-------
FLAT PANEL MEAN AIR RAINFALL AVG.
MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY
JAN 510 658 16.4 NA 25.5
FEB 532 683 17.1 NA 26.3
MAR 452 563 17.6 NA 22.1
AFR 497 620 17.3 NA 24.3
MAY 435 534 17.8 N 20.8
JUN 466 576 15.4 NA 22.6
JUL 397 482 15.3 NA 18.4
AUG 380 458 15.3 A 17.2
SEP 445 551 ' 16.6 HA 21.6
oCcT 465 585 i6.8 NA 23.0
NCOV 492 631 16.8 HA 24.6
DEC 498 643 15.4 1A 25.0
0 DEGREES FROM THX VERTICAL POSITION.

NOTE: TRACKER LIMIT ANGLE IS 45.

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VAEY DEPENDENT
UPON WEATHER CORDITIONS AND ADEQUACY OF INSTALLATIGCN AND MAINTENANCE.




DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PY/WATER FUMP)
(SASY/M Ver 5.0 5/20/86)
CUSTCMER: UNIDO SURVEY DATE: 8TH DECEMBER 1886 -
ADDRESS: ETHIOPIA OPER: J GOODMAN

APPLICATION: AC WATER PUMPING

NOTE: GARDULA NO.2 (GUMAIDE)
INSOLATION DATA LOCATION: GIDOLE (User Supplied)

¢

LATITUDE: 5.62 DEG N LONGITUDE: 37.48 DEG E
GROUND REFLECTANCE: .20 (J)

---------- SELECTED SYSTEM D/ ,--—=------
WIRING INFORMATION: 60 FT. (ROUND TRIP) OF 8 GAUGE WIRE

------------ ARRAY----=--~===- --—--=-----PUMP SYSTEM-----=-=--
TILT ANGLE: 15.0 DEGREES Grundfos SP2-18
MAX. PWR. CURRENT: 12.2 A. XX-5
MAXIMUM POWER: 1486.0 A. COUPLED TO ARRAY @ 105 VOLTS
AS INC M55 3.05 A. @ 17.4 V. AVG. DAILY OUTPUT: 16.9 CU.M
7 (S) X 4 (P) = 28 TOTAL SYSTEM HEAD: 55.0 M.

FLAT PANEL MEAN AIR RAINFALL AVG.
MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY
JAN 510 568 16.4 NA 20.6
FEB 532 569 17.1 NA 20.5
MAR 452 459 17.6 NA 16.7
APR 497 482 17.3 NA 17.5
MAY 435 410 17.8 NA 14.3
JUN 466 429 15.4 NA 15.1
JUL 397 373 15.3 NA 12.5
AUG 380 367 15.83 MA 12.4
SEF 445 445 16.3 i1 16.1
OCT 465 487 16.8 NA 17.8
NOV 492 541 16.8 NA 18.7
DEC 1938 563 16.4 A 20.4

NOTE: ARRAY TO FACE TRUE SOUTE

FERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT
UFON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.




Location
Radiation station:
Population:

No. of wells:

Wells: aquifer type
depth

yield

drawdown

Pumping units:

motor

pump

no. of hours of operation

fuel consumption

Distribution: pipework 9

length

storage

irray location:

Design:

Note:

dachyge Pusha

Sodo
500C

1 B.H. and some shallow seasor2l wells

Clinkers between lava flows

1CCm S.¥.L. 30.54m, P.d.L. 40.78m

Specific capacity 23.44 1/min/metre
but seasonal variation.

10.24m after 22 hrs at @ = 4 L/Min.

Lister 3 H.P.

Zelt cériven rottins & meyer Momo pump.
pumpins £t SCm for test, instal a2t TCm.

4 - 5 hr/day.

2" g,

375m

= 3 + -~ em v 3 =
Zr” storace, Tt elevzticn cgerving
3 rointe wililh fauwcel=zs,

Zeside F I,

¢ = 11/S max,

TDE = 5C + 17.42 + 3

If storzee moved to site with no
distribution ther TDE = 5C + 7 + 1
say A0m

The well needs cleanins cor surging - origional gravel for screen

- was not washed and 2 high clay content was reported in driiling

Log.




DESIGN PROVIDED BY: So
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)
(SASY/M Ver 5.0 6/20/86)

e e memes mwm memm mmem S Sama mamem mme e——= ——- =

CUSTOMER: UNIDO SURVEY

ADDRESS: ETHIOPIA
APPLICATION:
NOTE.

INSOLATION DATA LOCATION: SODO
LATITUDE:

lar Electric Internatiocnal

DATE: 8TH DECEMBER 1986
OPER: J GOODMAN

AC WATER PUMPING

e eaen comter B e e wme— —m e e e = ma meme e —— =

WACHYGA BUSHA (EXISTING DISTRIBUTION SYSTEM)

6.83 DEG N

GROUND REFLECTANCE: .2

WIRING INFORMATION:

3.05 A. @ 17.4 V.

------------ ARRAY--=----~-
TILT ANGLE: 15.0
MAX. PWR. CURRENT:
MAXIMUM POWER:

AS INC M55

7 (S8) X 4 (P) =
FLAT PANE
MONTH LANG LANG
JAN 479 536
FEB 488 523
MAR 504 514
APR 488 475
MAY 438 414
JUN 421 392
JUL 347 329
AUG 374 383
SEP 430 431
OCT 478 501
NOV 510 S84
DEC 473 537

NOTE:

LONGITUDE: 37.72 DEG E

60 FT._ (ROUND TRIP) OF 8 GAUGE WIRE

(User Supplied)

DEGREEDS Grundfos SP1-28
12.2 A. 102 VDC 1500 W XX-4
1486.0 W. COUPLED TO ARRAY @ 105 VOLTS

28 TOTAL SYSTEM HEAD:

L MEAN AIR RAINFALL
T=MP (C) (AVG. MM)
21.2 NA
21.9 NA
2i.4 NA
20.8 NA
19.8 NA
18.5 NA
17.2 NA
AT 4 NA
18.1 NA
2u.0 NA
21.1 NA
21.0 NA

ARRAY TO FACE TRUE SCUTH

AVG. DAILY OUTPUT:

AVG.
CU.M/DAY

(O T O NN QO

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT

UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.

8.7 CU.M
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DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER FUMP)
(SASY/M Ver 5.0 6/20/86)
CUSTOMER: UNIDO SURVEY DATE: 8TH DECEMBER 1986
ADDRESS: ETHIOPIA OPER: J GOCDMAN

» . APPLICATION: AC WATER PUMPING

e w@mer meme Ewwer EweE T @mEma mEmen Eara e e Er W e e emem  mmamr  wmamm e emwm e aw wm s > ww wm mn e am -

NOTE: WACHYGA BUSHA (EXISTING DISTRIBUTION SYSTEM)
INSOLATION DATA LOCATION: SODO (User Supplied)

LATITUDE: 6.83 DEG N LONGITUDE: 37.72 DEG E
GROUND REFLECTANCE: .20 (J)

WIRING INFORMATION: 60 FT. (ROUND TRIP) OF 8 GAUGE WIRE

------------ ARRAY--=~=~===~---- ---------PUMP SYSTEM---------
HORIZONTAL (N-S) AXIS TRACKING Grundfos SP1-28
MAX. PWR. CURRENT: 12.2 A. 102 VDC 1500 W XX-4
MAXIMUM POWER: 1486.0 W. COUFLED TO ARRAY @ 105 VOLTS
AS INC M55 3.05 A. @ 17.4 V. AVG. DAILY OUTFUT: 11.5 CU.M
7 (5) X 4 (P) = 28 TOTAL SYSTEM HEAD: 80.0 M.

FLAT PANEL MEAN AIR RAINFALL AVG.

MONTH LANG LANG TEMP (C) (AVG. MM CU.M/DAY
JAN 479 817 21.2 NA iz.5
FEB 488 623 21.9 NA 12.6
MAR 504 636 21.4 NA 12.9
APR 488 607 20.8 NA 2.5
MAY 438 536 19.8 NA i1.2
JUN 421 513 18.5 NA 10.7
JUL 347 413 17.2 NA 7.8
AUG 374 449 17.4 HA $.0
SEP 430 830 12.1 NA i1
OCT 476 602 20.0 NA i2.3
. NOV 510 658 2l.1 NA 3.1
DEC 473 611 21.0 NA 12.4

NOTE: TRACKER LIMIT ANGLE IS 45.0 DEGRELS FRCM THE VERTICAL POSITION.

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.




DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER FUMF)
(SASY/M Ver 5.0 6/20/86)

CUSTOMER: UNIDO SURVEY DATE: 8TH DECEMBER 1986
ADDRESS: ETHIOPIA OPER: J GOODMAN

APPLICATION: AC WATER PUMPING

NOTE: WACHYGA BUSHA (WITH ON POINT DISTRIBUTION SYSTEM)
INSOLATION DATA LOCATION: SODO (User Supplied)

LATITUDE: 6.83 DEG N LONGITUDE: 37.72 DEG E
GROUND REFLECTANCE: .20 (J)

WIRING INFORMATION: 60 FT. (ROUND TRIF) OF 8 GAUGE WIRE

------------ ARRAY------=-==-=~ -—-------PUMP SYSTEM---------

TILT ANGLE: 15.0 DEGREES Grundfos SP2-18

MAX. PWR. CURRENT: 12.2 A. XX-5

MAXIMUM POWER: 1486.0 W. COUPLED TO ARRAY @ 105 VOLTS

AS INC M55 3.05 A. @ 17.4 V. AVG. DAILY CUTPUT: 14.7 CU.M
7 (S) X 4 (P) = 28 TOTAL SYSTEM HEAD: 6C.0 M.

FLAT PANEL MEAN AIR RAINFALL AVG.
MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY
JAN 479 536 21.2 NA 17.8
FEB 483 523 21.9 NA 17.1
MAR 504 514 21.4 NA 16.3
APR 483 475 20.8 NA 15.3
MAY 438 414 19.8 NA 12.7
JUN 421 392 18.5 NA 11.7
JUL 347 3289 17.2 NA 8.3
AUG 374 363 17 .4 NA i0.53
SEP 430 431 19.1 NA 12.7
QOCT 478 S01 20.0 NA 13.4
NOV 510 564 21.1 NA 12.4
DEC 473 537 21.0 NA 17.8

NOTE: ARRAY TO FACE TRUE SOUTH

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT
"JPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.




ADDRESS:

APPLICATION:

NOTE:

LATITUDE:
GROUND REFLECTANCE:

- o - - - - —

HORIZONTAL (N-S) AXIS TRACKING
MAX. PWR. CURRENT:
MAXIMUM POWER:

AS INC M55
7 (S) X

MONTH

JAN
FEB
MAR
APR
MAY
JUN
JUL
AUG
SEP
OCT
NOV
DEC

NOTE:

DESIGN PROVIDED BY:
STAND-ALONE SYSTEM DESIGN PROGRAM (FV/WATER PUMF)

AC WATER PUMPING

WACHYGA BUSHA (WITH ON POINT DISTRIBUTION SYSTEM)
INSOLATION DATA LOCATION: SODO

Solar Electric International

CUSTOMER: UNIDO SURVEY
ETHIOPIA

6.83 DEG N

WIRING INFORMATION:

4 (P)

FLAT
LANG

479
488
504
488
438
421
347
374
430
4786
510
473

60 FT,

PANEL
LANG

617
623
636
607
536
513
413
443
530
602
658
611

(SASY/M Ver 5.0
DATE: 8TH DECEMBER 1985
OPER: J GOODMAN

LONGITUDE:
.20 (J)

12.2 A.
1486.0 W.

3.00 A. @ 17.4 V.
28 TOTAL

MEAN
TEMP

21.
21.
21.
20.
19.
18.
17.
i7.
19.
20.

21.

A1

L.

TRACKER LIMIT ANGLE IS 45

Grundfos SP2-18

QR O WMDY W ON

6/20/86)

37.72 DEG E

(ROUND TRIP) OF 8 GAUGE WIRE

COUFLED TO ARRAY @

AVG. DAILY CUTFUT:
SYSTEM HIZAD:

—_——— m e e m m—m e e me @meme @meme —m—m e mm e e e e e e e e . ———— o e o o -

RAINFALL
M)

T\,

A
NA
NA
HA
NA
NA
NA
NA
NA
HA
MA
HNA

(User Supplied)

105 VOLTS

AVG.
CU.M/DAY

21.
21.
22.
21.
18.
17.
12.
14.
18.
21.
23.
21.

.0 DEGREES FRCM THE VERTICAL POSITION.

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT
UFON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.

19.6 CU.M

- O WO OO ~JII O m
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NOTES ON HARERGE WELLS

The E.W.W.C.A. is extremely well organised in this
region, a region charecterised in the remoter areas
by too many people with too few boreholes. This is
particularly true of the Ogaden region where the town
water supplies have been well rationalised but the
settlements, a ceniral wa .er pcint often serves for
3 - 4 communities with their stock. However, the
UNHCR funded. WUSC executed, rehabilitation project
is placing major emphasis on water supply with two
new drilling rigs about to start operation and a
good relationship has been setablished with E.W.W.C.A.

The sites along the DJIBOUTI - DIRE DAWA rail-
road area, after the Metema sites in Gondar, top
priority. Remote and fairly inaccessible and re-
lving to an extent on the enterprise and goodwill
of individuals in the community to purchase fuel
in Dire Dawa and sell the water to cover the costs,

Maintenance problems are severe and have
overloaded the EWWCA resulting in broken egquipment

at many of the sites.




Installation Sites

1. Hassene

2. Hadew

3. Elamhar

4, Warder Well 1

5. Shinile RRC/UNHCR WEU
6. Shinile

7. GAD

8. Mile

9. Harewa




Location

Radiation station:

Population:

No. of wells:

Wells: aquifer type

depth

yield

drawdown

Pumping units:

motor

pump

no. of hours of operation

fuel consumption

Distribution: pipework

length

storage

Array lecation:

Design:

- 200 -

Hassene

Harer

2 - 2500 (nearly villages use this point

when river dries)
1 :

Probably limestone - cool air is constantly
expelled from borehole

1i8m, SWL 38m, PWL.

1.5 L/Sec.

lister ST3, 10.8 KW.
Okamoto, 11 KW

6 hrs/day, demand is highat 40m3

12 litres/day

60m

15m3 masonary, elevation 4m

Besides well, good foundation

TOH = 70m




DESIGN PROVIDED BY:
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)

(SASY/M Ver 5.0

CUSTOMER: UNIDO SURVEY
ETHIOPIA

ADDRESS :

4

APPLICATION:

NOTE: HASSENE
INSOLATION DATA LOCATION: HARER

LATITUDE:

GROUND REFLECTANCE:

e wemmer @wme e e erarEr MEE @mEEE @EE @ErE Ea e @ e S E S ErE S S e es e -

WIRING INFORMATION:

TILT ANGLE:

9.20 DEG N

- MAX. PWR. CURRENT:

MAXIMUM POVWER:

AS INC M55
7T (8) X

MONTH

JAN
FEB
MAR
APR
MAY
JUN
JUL
AUG
SZP
oCT
NOV
DEC

=ARRAY---=-======== = cecceo-——- PUMP SYSTEM---=-----
15.0 DEGREES Grundfos SP1-28
12.2 A. 102 VDC 1500 W XX-4
1486.0 W. COUPLED TO ARRAY @ 105 VOLTS
3.05 A. @ 17.4 V. AVG. DATLY OUTPUT: 9.2 CU.M
4 (P) = 28 TOTAL SYSTEM HEAD: 80.0 M.
---------- SYSTEM DESIGN ANALYSIS-~--------
FLAT PANEL MEAN AIR RAINFALL AVG.
LANG LANG TEMP (C) (AVG. MM) CU.M/DAY
478 541 18.4 NA 10.4
476 515 20.0 NA 9.9
488 501 20.5 NA 9.6
487 477 20.0 NA 9.2
476 451 20.1 NA 8.6
448 420 19.0 NA 7.9
432 408 19.6 NA 7.7
428 416 17.9 NA 7.9
448 452 18.3 NA 8.8
479 508 18.6 NA 9.8
471 526 18.5 NA 10.1
458 5256 18.1 NA 10.1
NOTE: ARRAY TO FACE TRUE SOUTH

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT

AC WATER PUMPING

LONGITUDE:

.20 (J)

Solar Electric International

6/20/86)

DATE: 8TH DECEMBER 1986

OPER: J GOODMAN

(User Supplied)

42.07 DEG E

60 FT. '(ROUND TRIP) OF 8 GAUGE WIRE

UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.




DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)
(SASY/M Ver 5.0 6/20/86)

e memem meme emme mw e W e EmEme EmEme e es e memEm Em@me S eee —a o S s oSS

CUSTOMER: UNIDO SURVEY DATE: 8TH DECEMBER 1986
ADDRESS: ETHIOPIA OPER: J GOODMAN

APPLICATION: AC WATER PUMPING

e weme mEme e e e e e wemm = e @ EmEme mEme e e MEme S e e

NOTE: HASSENE
INSOLATION DATA LOCATION: HARER (User Supplied)

.

LATITUDE: 9.20 DEG N LONGITUDE: 42.07 DEG E
GROUND REFLECTANCE: .20 (J)

w e wemar W wmme memar e memem e mme mamem mme Emem mme Smm e —em e me— - S S =

WIRING INFORMATION: 60 FT. (ROUND TRIP) OF 8 GAUGE WIRE

------------ ARRAY--=—--~-=—=-- ---------PUMP SYSTEM----—-----
HORIZONTAL (N-S) AXIS TRACKING Grundfos SP1-28
MAX. PWR. CURRENT: 12.2 A. 102 VDC 1500 W XX-4
MAXIMUM POWER: 1486.0 W. COUPLED TO ARRAY @ 105 VOLTS
AS INC M55 3. 05 A. @ 17.4 V. AVG. DAILY OUTPUT: 12.0 CU.M
7 (S8) X 4 (P) = 28 TOTAL SYSTEM HEAD: 30.0 M.

s mwme— @ memem mm e e emas @ emem— mem— —m e m meme- @memm ——m— —mm aae w e e == e

FLAT PANEL MEAN AIR RAINFALL AVG.
MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY
JAN 478 620 18.4 NA 12.6
FEB 476 10 20.0 NA 12.5
MAR 488 616 20.5 NA 12.6
APR 487 604 20.0 NA 12.5
MAY 476 586 20.1 NA 12.1
JUN 449 548 18.0 NA 11.4
JUL 432 525 13.6 MNA 11.0
AUG 423 521 17.9 NA 13.9
SEP 448 554 8.3 NA 11.86
OCT 479 609 13.98 NA 12.5
NOV 471 638 13.5 NA 1z2.4
DEC 458 594 13.1 NA 12.2

NOTE: TRACKER LIMIT ANGLE IS 45.0 DEGREES FROM THE VERTICAL POSITION.

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.




Location Hadew
Radiation station: Jijiga
Population: 1500
No. of wells: 1

Wells: aquifer type -

depth 45m, SWL. 6m, PWL. 40m
yield 3 L/Sec.
drawdown -

Pumping units:

motor Mitsui Deutz, 17.6KW
pump Pluger 8.5 KW
no. of hours of operation 8 hrs/day (including nursery irrigation) -

25m3/day demand.

fuel consumption N/A.
Distribution: pipework M9
length 18m
storage 4m3 storage at 4m elevation
Array locat.on: Besides well
v Design: TOH = 40 + 4 + 2 = 36
Note: The Harer - jijiga 45 KVA transmission line runs within 1 Km of

Hadew but it is unlikely that electricity for Hadew well be a

nriority.

—




DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)
{SASY/M Ver 5.0 6/20/886)
CUSTOMER: UNIDO SURVEY DATE: 8TH DECEMBER 1986
ADDRESS: ETHIOPIA OPER: J GOODMAN

APPLICATION: AC WATER PUMPING

e are e Eherer e es @i WA eEm e S EEE YW W W @G e s s em e memem MR S enes  Em ek e e

NOTE: HADEW
INSOLATION DATA LOCATION: JIJIGA (User Supplied)

LATITUDE: 9.33 DEG N LONGITUDE: 42.72 DEG E
GROUND REFLECTANCE: .20 (J)

WIRING INFORMATION: 60 FT. .(ROUND TRIP) OF 8 GAUGE WIRE

------------ ARRAY---=-====n-- ~-===~=--PUMP SYSTEM---------
TILT ANGLE: 15.0 DEGREES Grundfos SP2-18
MAX. PWR CURRENT: 12.2 A. XX-5
MAXIMUM POWER: 1486.0 W. COUPLED TO ARRAY @ 105 VOLTS
AS INC M55 3.05 A. @ 17.4 V., AVG. DAILY OUTPUT: 20.2 CU.M
7(8) X 4 (P) = 28 TOTAL SYSTEM HEAD: 46.0 M.

e et rmmEn M es Tman e e s e G @ e e SEme e e —Eme e e me—es e

FLAT PANEL MEAN AIR RAINFALL AVG.

MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY
JAN 487 552 16.9 NA 23.0
FEB 469 507 17.7 NA 21.6
MAR 488 501 19.4 NA 21.2
APR 472 463 20.3 NA 19.7
MAY 484 459 21.0 NA 19.4
JUN 442 414 20.9 NA 17.5
JUL 432 408 20.0 NA 17.3
AUG 424 412 20.0 NA 17.6
SEP 452 456 20.1 NA 18.6
OoCT 475 504 18.3 NA 21.4
NOV 470 525 17.0 NA 22.2
DEC 461 528 16.5 NA 22.4

NOTE: ARRAY TO FACE TRUE SOUTH

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT
UFON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.
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DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)
(SASY/M Ver 5.0 6/20/86)
CUSTOMER: UNIDO SURVEY DATE: 87"H DECEMBER 1986
ADDRESS: ETHIQPIA OPER: J GOODMAN

'  APPLICATION: AC WATER PUMPING

NOTE: HADEW
INSOLATION DATA LOCATION: JIJIGA (User Supplied)

LATITUDE: 9.33 DEG N LONGITUDE: 42.72 DEG E
GROUND REFLECTANCE: .20 (J)

WIRING INFORMATION: 60 FT._ (ROUND TRIFP) OF 8 GAUGE WIRE

------------ ARRAY~----===mm—= --~------PUMP SYSTEM-=~======
HORIZONTAL (N-S) AXIS TRACKING Grundfos SP2-18
MAX. PWR. CURRENT: 12.2 A. XX-5
MAXIMUM POWER: 1486.0 W. COUPLED TO ARRAY @ 105 VOLTS
AS INC M55 3.05 A. @ 17.4 V. AVG. DAILY OUTPUT: 26.3 CU.M
7 (8) X 4 (F) = 28 TOTAL SYSTEM HEAD: 46.0 M.

FLAT PANEL MEAN AIR RAINFALL AVG.
MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY
JAN 487 633 16.9 NA 28.0
FEB 469 600 17.7 NA 27.1
MAR 488 616 19.4 NA 27.7
APR 472 584 20.3 NA 26.6
MAY 484 596 21.0 NA 27.0
JUN 442 539 20.9 NA 24.7
JUL 432 525 20.0 NA 24.2
AUG 424 5186 20.0 NA 23.8
SEP 452 561 20.1 NA 25.7
OCT 475 604 18.3 NA 27.2
. NOV 470 606 17.0 NA 27.2
DEC 461 599 16.5 NA 26.8

NOTE: TRACKER LIMIT ANGLE IS 45.0 DEGREES FROM THE VERTICAL POSITION.

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.




Location
Radiation station:
Population:

No. of wells:

Wells: aquirer type
depth

yieid

drawdown

Pumping units:
motor

pump
.

no. of hours of operation

fucl consumption

Distribution: pipework §
length

storage

Array location:

Design:

[V T

Elamhar.
Jijiga
1000 with seasonal variation

1 borehole, S5 traditional wells used for
stock watering

S4m, S.W.L. 11.6m, pump level 44m

0.8 L/S.

Lister ST1

Mono BNK 1

4 hrs/day

4 litres/day

21! 0
20m

4m3 steel tank at 4m elevation

Besides well

TDH = 44 + 4 + 2
= 50m
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DESIGN PROVIDSD BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)
(SASY/M Ver 5.0 6/20/86)
CUSTOMER: UNIDO SURVEY DATE- 8TH DECEMBER 1986
ADDRESS: ETHIOPIA OPER: J GOODMAN

« APPLICATION: AC WATER PUMPING

NOTE: ELAMHAR
INSOLATION DATA LOCATION: JIJIGA (User Supplied)

LATITUDE: 9.33 DEG N LONGITUDE: 42.72 DEG E
GROUND REFLECTANCE: .20 (J)

e WA ST G EEGE I WA G WP EAE T W T EE W T E; E WS WA EE W ENSE MG G W PR Wares @St Er Wr G e .

WIRING INFORMATION: 60 FT. (ROUND TRIP) OF 8 GAUGE WIRE

------------ ARRAY--------=-=- -----—---PUMP SYSTEM---------
TILT ANGLE: 15.0 DEGREES Grundfos SP2-18
MAX. PWR. CURRENT: 12.2 A. XX-5
MAXIMUM POWER: 1486.0 W. COUPLED TO ARRAY @ 105 VOLTS
AS INC M55 3.05 A. @ 17.4 V. AVG. DAILY OUTPUT: 18.9 CU.M
7(S)X 4 (P) = 28 TOTAL SYSTEM HEAD: 50.0 M.

FLAT PANEL MEAN AIR RAINFALL AVG.

MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY
JAN 487 552 18.9 NA 21.7

FEB 469 507 17.7 NA 20.2 .
MAR 488 501 19.4 NA 19.9
APR 472 463 20.3 NA 18.4
MAY 484 459 21.0 NA 18.0
JON 442 414 20.9 NA 16.1
JUL 432 408 20.0 NA 16.0
AUG 424 412 20.0 NA 16. 3
SEP 452 456 20.1 NA 18.2
OCT 475 504 18.3 NA 20.1
. NOV 470 525 17.0 NA 20.9
DEC 461 529 16.4 NA 21.0

NOTE: ARRAY TO FACE TRUE SOUTH

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.




ADDRESS:
APPLICATION:
NOTE:

LATITUDE:
GROUND REFLECTANCE:

DESIGN PROVIDED BY:

AC WATER PUMPING

. M AAEs S EtEr WP MR e Al er Gr et ur G ana; R EEr e I e EE e e S M E S W @ e e T e - -

ELAMHAR
INSOLATION DATA LOCATICN: JIJIGA

Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)

CUSTOMER: UNIDO SURVFY
ETHIOPIA

9.33 DEG N

(SASY/M Ver 5.0

e G e e e e enemEr EEtur ESE e G EA N e AT T e e T e YR e W Er W e e . ARG Sl A er e e M wn e -

DATE: 8TH DECEMBER 1986
OPER: J GOODMAN

LONGITUDE:
.20 (J)

WIRING INFORMATION: 60 FT..
------------ ARRAY--=--====ee--
HORIZONTAL (N-S) AXIS TRACKING
MAX. PWR. CURRENT: 12.2 A.
MAXIMUM POWER: 1486.0 W.
AS INC M55 3.05 A. @ 17.4 V.
7 (8) X 4 (P) 28 TOTAL
FLAT PANEL MEAN
MONTH LANG LANG TEMP
JAN 487 633 16.
FEB 469 600 17.
MAR 488 616 18.
APR 472 584 20.
MAY 484 596 21.
JUN 442 539 20.
JUL 432 525 20.
AUG 44 516 20.
SEF 452 561 20.
oCT 475 604 18.
NOV 470 606 17.
DEC 461 599 16.
NOTE: TRACKER LIMIT ANGLE IS 45.

B OWLWHOOWO W VW

6/20/86)

42.72 DEG E

(ROUND TRIP) OF 8 GAUGE WIRE

AVG. DAILY OUTPUT:
SYSTEM HEAD:

RAINFALL
(AVG. MM)

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

(User .Supplied)

PUMP SYSTEM---------
Grundfos SP2-18

COUPLED TO ARRAY @ 1C5 VOLTS

AVG.
CU.M/DAY

26.
25.
26.
24.
25.
23.
22.
22.
24.
25.
25.
25.

0 DEGREES FROM THE VERTICAL POSITION.

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATICN AND MAINTENANCE.

24.7 CU.M

WO MNNNFHWOOWU;mOU



Location
Radiation station:
Population:

No. of wells:

. - Wells: aquifer type
depth

yield

drawdown

Pumping units:

motor

pump

no. of hours of operation

fuel consumption

Distribution: pipework P

length

storage

Array location:

Design:

e

r=

- 200 -

Warder Well No. 1.
Kebri Dehar
2000

3 open wells

No. 1 25m SWL 18
ALL 2 L/S

Lister ST2 18 H.P.
Mono

2" g

60m

80m> open masonary

Not visited

TOH = 24m




DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV,/WATER PUMP)
(SASY/M Ver 5.0 6/20/86)

~

e meamam e b m e e e e mem s e mEma e e ®meme meme @ mem— me e e e

CUSTOMER: UNIDO SURVEY
ADDRESS: ETHIOPIA

APPLICATION: AC WATER

PUMPING

DATE: 8TH DECEMBER 1986
OPER: J GOODMAN

NOTE: WARDER WELL

INSOLATION DATA LOCATION: KEBRI DEHAR

LATITUDE: 6.67 DEG N
GROUND REFLECTANCE: .2

LONGITUDE:

0 (J)

(User Supplied)

44.30 DEG E

e aman memen Eems ememem e e e imam 4mema e e e e e e e e e e am e e em e e e S e

WIRING INFORMATION: 60 FT-

TILT ANGLE: 15.0
MAX. PWR. CURRENT:
MAXIMUM POWER:

AS INC M55 3.05 A.
7 (8) X 4 (FP) =

DEGREES
12.2 A.
1486.0 W.

@ 17.4 V.
28 TOTAL

(ROUND TRIP) OF 8 GAUGE WIRE

Grundfos SP4-8
102 VDC 1500 W XX-5
COUFLED TO ARRAY @ 105 VOLTS

AVG. DAILY OUTPUT: 45.1 CU. M
SYSTEM HEAD: . 24.0 M.

FLAT PANE
MONTH LANG LANG
JAN 555 623
FEB 548 588
MAR 578 589
APR 587 540
MAY 491 461
JUN 510 469
JUL 478 445
AUG 534 511
SEP 573 379
OCT 493 519
NOV 520 575
DEC 541 516

NOTE:

L MIAN AIR RAINFALL AVG.
TEMP (C) (AVG. MM) CU.M/DAY
26.3 NA 49.6
27.3 NA 47.8
28.2 NA 47.6
28.C NA 44 .3
26.5 NA 40.2
28.2 NA 40.5
258.1 HA 39.2
26.2 A 43.5
271 HA 47 .4
26.4 NA 44 .3 ‘
26.1 A 47 .4
25.8 1A 49 .-
ARRAY TO FACE TRUE 50UTH ’

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEFENDENT
UPON WEATHER CONDITICONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.




DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)
(SASY/M Ver 5.0 6/20/86)
CUSTOMER: UNIDO SURVEY DATE: 8TH DECEMBER 1986
ADDRESS: ETHIOPIA OPER: J GOODMAN

+ APPLICATION: AC WATER PUMPING

e e S e e et e e e e am s b e em e e e wm Er e e n e e et e an e e em e e e - e =

NOTE: WARDER WELL
INSOLATION DATA LOCATION: KEBRI DEHAR (User Supplied)

LATITUDE: 6.67 DEG N LONGITTLZ: 44 .30 DEG E
GROUND REFLECTANCE: .20 (J)

WIRING INFORMATION: 60 FT.. (ROUND TRIP) OF 8 GAUGE WIRE

------------ ARRAY--~=--==-~=- ~--------PUMP SYSTEM---------
HORIZONTAL (N-S) AXIS TRACKING Grundfos SP4-8
MAX. PWR. CURRENT: 12.2 A. 102 VDC 1500 W XX-5
MAXIMUM POWER: 1486.0 W. COUPLED TO ARRAY @ 105 VORTS
AS INC M55 3.05 A. @ 17.4 V. AVG. DAILY CUTPUT: 58.5 CU.M
7 (8) X 4 (F) = 28 TOTAL SYSTEM HEAD: 24.0 M.

FLAT PANFEL MEAN AIR RAINFALL AVG.
MONTH LANG LANG TEMP (C) (AVG. MM} CU.M/DAY
JAN 555 723 26.3 NA 60 .4
FEB 548 706 27.3 NA 59.7
MAR 578 739 28.2 NA 61.4
APR 557 T2 28.0 NA 60.0
MAY 491 608 26.5 NA 55.3
JUN 510 634 26.2 NA 56.7
JUL 478 520 26.1 NA 54.3
AUG 534 668 26.2 NA 58.9
SEP 578 736 27.1 MNa 61.38
CCT 495 625 26.4 NA 56.1
' NOV 520 672 26.1 NA 58.2
DEC 541 705 25.8 NA 99.5

NOTE: TRACKER LIMIT ANGLE IS 45.0 DEGREES FROM T&X VERTICAL POSITION.

FERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DETENDENT
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.




DESIGN PROVIDED BY:
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)
(SASY/M Ver 5.0 6/20/86)

Solar Electric International

CUSTOMER: UNIDO SURVEY

ADDRESS: ETHIOPIA
APPLICATION:

AC WATER PUMPING

DATE: 8TH DECEMBER 1986
OFER: J GOODMAN

s mamen eamemew et ares e ame e es e e en e S em e e e e  mem e M e wmm e e e e wm

NOTE:

WARDER WELL
INSOLATION DATA LOCATION: KEBRI DEJAR

LATITUDE: 6.67 DEG N

GROUND REFLECTANCE:

WIRING INFORMATION:

(User Supplied)

LONGITUDE: 44 30 DEG E
.20 (J)

- e e ar merE Gem e Eremms e en e e er ww e e e w  am am e - —— e e m e e —— o ——

60 FT. .(ROUND TRIP) OF 8 GAUGE WIRE

HORIZONTAL (N-S) AXIS TRACKING

MAX. PWR. CURRENT:

MAXIMUM P

AS INC M5
7 (8) X

OWEE :
5

9.1 A.

1114.5 W.

3.05 A. @ 17.4 V.
3 (P)

21 TOTAL

Grundfos SP4-8
102 vDC 1500 W XX-5
COUPLED TO ARRAY @ 105 VOLTS

3VG. DAILY OUTPUT: 47.3 CU.M
SYSTEM HEAD: 24.0 M.

MONTH
JAN

FEB
MAR

NOTE:

FLAT
LANG

555
548
578
557
4391
510
478
534
579
493
520
541

TRACKER LIMIT ANGLE IS 45.

PANEL MEAN

LANG

723
706
739
702
608
634
580
668
736
625
872
705

TEMP

26.
27.
23.
28.
26.
2€.
26.
Z6.
27.
28.
25.
25.

AIR RATNFALL AVG.
(C) (aVG. MM) CU.M/DAY
3 NA 42 .4
3 NA 48 . 6
2 NA 50.1
0 NA 48 .7
5 NA 44 .0
2 Na 45.5
1 1A 42.9
A 14 47 .4
1 NA £C. 5
4 NA 44 .9
1 MNA 47 .2
3 NA 58 .0

0 DEGREES FRCM THE VERTICAL FPOSITION.

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.




Location
Radiation station:
Population:

No. orf wells:

Wells: aquifer type

depth
yield

drawdown

Pumping units:
motor

pumy,

no. of hours of operation

fuel consumption

Distribution: pipework 9

length

storage

Array location:

Design:

213

Narder Wells No. 2 § 3.

Kebri Dehar

3 open wells.

No. 2 25m, S.W.L. 17m, No.3 27m, S.W.L. 18m

2 L/s.

Both lister ST1, 6HP

Mono BNK 1
Not visted
TDH = 24m



DESIGN PROVIDED BY:

CUSTOMER: UNIDO SURVEY
ADDRESS: ETHIOPIA

APPLICATION: AC WATER
NOTE: WARDER WELLS NO.

LATITUDE: 6.67 DEG N

TILT ANGLE: 15.0
MAX. PWR. CURRENT:
MAXIMUM POWER:

AS INC M55 3.05 A.
7 (53 X 4 (P) =

FLAT PANE
MONTH LANG LANG

JAN 555 623
FEB 548 588
MAR 578 588
APR 557 540
MAY 491 461
JUN 510 469
JOL 478 445
AUG 534 511
SEP 579 579
OCT 423 518
NOV 520 5735
DEC 541 616
NOTE:

Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (FPV/WATER FUMP)

(SASY/M Ver 5.0 6/20/886)

PUMPING
2 AND 3

LONGITUDE:
GROUND REFLECTANCE: .20 (J)

e e s @ e e AEmms eemen e et e Wt e e S e @S ER G G emem s am s o am e wm e e e o - —— - —— = o

DEGREES
12.2 A,
1486.0 W.

@ 17.4 V.
28 TOTAL

L MEAN
TEMP

26 .
27.
28.
28.
26.
26.
28.
26 .

27

2
b)

ARRAY TC FACE

e = PN DVO DWW

L2 NN
O a

AIR
(C)

o K+

memar s e e et e B emem e en e e e emes A G em e e  wmemem e mmemem  mm e e o o -

DATE: 8TH DECEMBER 1986
OPER: J GOODMAN

INSOLATION DATA LOCATION: KEBR1 DEHAR (User Supplied)

44.30 DEG E

WIRING INFORMATION: 60 FT. (ROUND TRIF) OF 8 GAUGE WIRE

--------- PUMP SYSTEM----—-----
Grundfos SP4-8

102 VDC 1500 W XX-5

COUPLED TO ARRAY @ 105 VOLTS

AVG. DAILY CUTPUT: 45.1 CU.M
SYSTEM HEAD: 24.0 M.

RAINFALL AVG.

(AVG. M¥ CU.M/DAY
NA 43.6
REN 47 .8
NA 47 .6
NA& 44 .3
NA 40 .2
NA 40.5
NA 3.2
HA 43.5
N& 47 .4
HA 44.3
NA 47 .4 .
Na& 43.2

TZUE SGUTH

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.




)

WIRING INFORMATION:

AS INC M55
7 (8) X

-

DT S

{

\DDRESS :
APPLICATION:

WARDER WELLS NO.2 AND 3
INSOLATION DATA LOCATION: KEBRI DEHAR

NOTE:

LATITUDE:
GROUND REFLECTANCE:

HORIZONTAL (N-S) AXIS TRACKING
MAX. PWR. CURRENT:
MAXIMUM POWER:

MONTH

JAN
FEB
MAR
APR
MAY
JUN
JUL
AUG
SEP
QT
NOV
DEC

NOTE:

DESIGN PROVIDED BY:

Solar Electric International

215

STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)

CUSTOMER: UNIDO SURVEY
ETHIOPIA

(SASY/M Ver 5.0

—em . e emwr e eh s e e e S s e e e W Gr em e Em e e e e e e @mEm e @ @ W=

DATE: 8TH DECEMBER 1986
OFPER: J GOODMAN

AC WATER PUMPING

6.67 DEG N

FLAT
LANG

5585
5438
578
557
491
510
478
534
579
493
520
541

.20

60 FT. -(ROUND TRIP) OF 8 GAUGE WIRE

3.05 A. @
4 (F)

PANEL

LANG

723
708
733
702
608
634
590
668
736
625
672
705

TRACKER LIMIT ANGLE

FERFORMANCE OF SYSTEM AT
UPCN WEATHER CONDITIONS AKD ADEQUACY OF INSTALLATION AND MAINTENANCE.

LONGITUDE:

12.2 A.
1486.0 W.

17.4 V.
28 TOTAL

MEAN
TEMP

26.
27.
28.
28.
26.
26.
25.
26.

~ry

26.
26.
Z5.

IS 45

Grundfos SF4-8
102 VDC

AVG. D
SYSTEM EZ&D:

AIR RAINFALL
(C) (AVG. MM)
3 NA

3 NA

2 NA

0 NA

5 NA

2 HA

i HA

1 A

I VA

4 NA

1 i

8 HA
.G DEGREES

INSTALLATION SITE

6/20/86)

44.30 DEG E

A TT

PR

FROM THE VERTICAL POSITION.

WILL

1500 W XX-5
COUPLED TO ARKRAY @ 105 VOLTS

AYG.
CU.M/DAY

60.
59.
ol.
60.
55.
56.
54.

(User Supplied)

[S2 N WSS TR s I's FRETS IEEN I B an N~ Y N

VARY DEPENDENT

58.5 CU.H



Location

Radiation station:
Population:

No. of wells:

Wells: aquifer type
depth

yield

drawdown

Pumping units:
motor
pump
no. of hours of operation

fuel consumption

Distribution: pipework 2
length

storage

Array location:

- 216 -

Shinile - uNHCR/RRC well.

Dire Dawa
3000

3 B.H.

30m, S.W.L. 15m.

2 L/S.

Lister
Mono

(Has not functioned for 3 monthgy- operated
6 hrs/day.

200m

6m3 at 6m elevation

1]
Beside well, on wadi ban™
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DESIGN PROVIDED BY: Solar Electric International
STAND-ALCNE SYSTEY DE3SIGN PROGRAM (PV/WATER PUMP)
(SASY/M Ver 5.0 8/20/86)
CUSTOMER: UNIDND SURVEY DATE: 8TH DECEMBER 1986
ADDRESS: ETHIOPIA OPER: J GOODMAN

APPLICATION: AC WATER PUMPING

P mme wwes mem Emie Emdme cmae EmEme mme Emamm - mme mm e cme mdmee mm e e e -

NOTE: SHINILE-UNHCR/RRC WELL .
INSOLATION DATA LOCATION: DIRE DAWA (User Supplied)

LATITUDE: 9.60 DEG N LONGITUDE: 41.87 DEG E
GROUND REFLECTANCE: .20 (J)

WIRING INFORMATION: 60 FT. (ROUND TRIP) OF 8 GAUGE WIRE

------------ ARRAY--=======-=-= ---------PUMP SYSTEM---------
TILT ANGLE: 15.0 DEGREES Grundfos SP4-8
MAX. PWR. CURRENT: 12.2 A. 102 VDC 1500 W XX-5
MAXIMUM POWER: 1486.0 W. COUPLED TO ARRAY @ 105 VOLTS
AS INC M55 3.05 A. @ 17.4 V. AVG. DAILY OUTPUT: 30.9 CU.M
7 (S) X 4 (P) = 28 TOTAL SYSTEM HEAD: 34.0 M.

FLAT PANEL MEAN AIR RAINFALL AVG.
MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY
JAN 453 513 21.4 NA 33.6
FEB 466 505 22.6 NA 32.9
MAR 484 498 24.6 NA 32.1
APR 479 470 26.3 NA 28.8
MAY 493 487 27.3 NA 292.3
JUN 460 430 28.1 NA 26.3
JUL 446 421 26.3 NA 25.9
AUG 473 453 25.7 NA 29.1
SEP 4686 471 25.9 NA 30.2
OCT 472 Suc 25.0 N& 22.3
NOV 473 528 22.4 NA 34.4
DEC 460 529 21.3 NA 34.8

NOTE: ARRAY TO FACE TRUE SOUTH

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.
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DESIGN PROVIDED BY: Solar Electric Internationa’
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)
(SASY/M Ver 5.0 6/20/86)
CUSTOMER: UNIDO SURVEY DATE: 8TH DECEMBER 1986
ADDRESS: ETHIOPIA OPER: J GOODMAN

APPLICATION: AC WATER PUMPING

e em e wr e emYs s e L et ar  aenen A A e e WS e em e m e A am e am e - - - — e em i o em -

NOTE: SHINILE-UNHCR/RRC WELL
INSOLATION DATA LOCATION: DIRE DAWA (User Supplied)

LATITUDE: 9.60 DEG N LONGITUDE: 41.87 DEG E
GROUND RErIECTANCE: .20 (J)

it Em e s e A an e emwr W em s ek ek am e ewes e wrem e  wm em e emwn ah M em s e e  Er em em o e et e am wn em e e -

WIRING INFORMATION: €0 FT. (ROUND TRIP) OF 8 GAUGE WIRE

------------ ARRAY-~--==~=----- --—-=------PUMP SYSTEM---------
HORIZONTAL (N-S) AXIS TRACKING Grundfos SP4-8
MAX. PWR. CURRENT: 12.2 A. 102 vDC 1500 W XX-5
MAXIMUM POWER: 1486.0 W. COUPLED TO ARRAY @ 105 VOLTS
AS INC M55 3.05 A. @ 17.4 V. AVG. DAILY OUTPUT: 40.6 CU.M
7 (S) X 4 (P) = 28 TOTAL SYSTEM HEAD: 34.0 M.

FLAT PANEL MEAN AIR RAINFALL AVG.

MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY
JAN 453 586 21.4 NA 40.7
FEB 466 596 22.6 NA 41.4
MAR 484 611 24.6 NA 42.2
APR 479 593 26.3 NA 40.9
MAY 493 608 27.3 HA 41.5
JUN 460 563 28.1 NA 38.3
JUL 448 544 26.3 NA 37.4
AUG 473 582 e8.7 NA 40.2
SEP 486 581 25.9 NA 40.1
oCT 472 600 25.90 NA 41.3
NOV 473 611 22.4 NA 42.2
DEC 460 598 21.3 NA 41.4

NOTE: TRACKER LIMIT ANGLE IS 45.0 DEGREES FROM THE VERTICAL POSITICN.

PERFORMANCE OF SYSTEM AT INSTALLATICN SITE WILL VARY DEPENDENT
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.




Location
Radiation station:
Population:

. No. of wells:

Wells: aquifer type
depth

yield

drawdown

Pumping units:

motor

pump

no. of hours of operation

fuel consumption

Distribution: pipework 2

length

storage

Array location:

Design:

Shinile
Dire Dawa
3000

3Bore holes

30.1m SWL 18m

3L/s

Lister ST3 6KW

Aturia 2,3

5 hrs/day

a. 2" § be 1" 2" ¢
10m 164m

Am3 2t 4m elevaticn Am3 at 6.2m elevation.

Fesides torehole if storagse rerlaced,

a, TDH = 32m T. TDE = 36m,
2 storage tanks relocated 3Cm from
borehole with 2" pirework.

Note. On point storage lezking badly; distribution by siphon hosepipe.
- All fawcetts broken at 2nd storage.




DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (FPV/WATER PUMFP)
(SASY/M Ver 5.0 6/20/86)

-

CUSTOMER: UNIDO SURVEY DATE: 8TH DECEMBER 1986
ADDRESS: ETHIOPIA OFEk: J GOODMAN
APPLICATION: AC WATER PUMPING .

NOTE: SHINILE
INSOLATION DATA LOCATION: DIRE DAWA (User Supplied)

LATITUDE: 9.60 DEG N LONGITUDE: 41.87 DEG E
GROUND REFLECTANCE: .20 (J)

WIRING INFORMATION: 60 FT..(ROUND TRIP) OF 8 GAUGE WIKE

------------ ARRAY---=-=-==--~ ---------PUMP SYSTEM-=~--=--=~--
TILT ANGLE: 15.0 DEGREES Grundfos SP4-8
MAX. PWR. CURRENT: 12.2 A. 102 vDC 1500 W XX-5
MAXIMUM POWER: 1486.0 W. COUPLED TO ARRAY @ 105 VOLTS
AS INC M55 3.08 A. @ 17.4 V. AVG. DAILY OUTPUT: 33.0 CU.M
7 (8) X 4 (P) = 28 TOTAL SYSTEM EEAD: 32.0 M.

FLAT PANEL MEAN AIR RAINFALL AVG.

MONTH LANG LANG TEMP (C) (AVG. MM) C3J.M/DAY
JAN 453 513 21.4 NA 35.7
FEB 466 505 22.8 NA 35.0
MAR 484 498 24.8 NA 34.2
APR 479 470 26.3 NA 32.1
MAY 493 467 27.3 HNA 31.5
JUN 460 430 28.1 NA 28.5
JUL 446 421 28.3 NA 28.1
AUG 473 458 25.7 NA 31.2
SEP 466 471 25.2 Na 32.3
OCT 472 502 25.0 NA 34.4
NOV 473 529 22.4 HA 36.5 '
DEC 460 529 21.3 A 36.86

NOTE: ARRAY TO FACE TRUE SOUTE

FERFORMANCE OF SYSTEM AT INSTALLATICMN SITE WILL VARY DEPENDZNT
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.




ADDRESS:
APPLICATION:

e e ey e e e erarwr e Er e Ee WP W T AT T Er e TP W e A Svem s e e e dman e e ama e

SHINILE
INSOLATION DATA LOCATION: DIRE DAWA

NOTE:

LATITUDE:
GROUND REFLECTANCE:

HORIZONTAL (N-S5) AXIS TRACKING
MAX. PWR. CURRENT:
MAXIMUM POWER:

AS INC M55
(s) X

MONTH

JAN
FEB
MAR
APR
MAY
JUN
JUL
AUG
SEP
OCT
NOV
DEC

NOTE:

DESIGN PROVIDED BY:

Solar Electric International

STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)
(SASY/M Ver 5.0

DATE: 8TH DECEMBER 1986

OPER: J GOODMAN

CUSTOMER: UNIDO SURVEY
ETHIOPIA

AC WATER PUMPING

9.60 DEG N

WIRING INFORMATION:

4 (F)

FLAT
LANG

453
466
484
473
493
460
446
473
466
472
473
460

PANEL
LANG

586
586
611
593
608
563
544
582
581
600
611
598

LONGITUDE:
.20 (J)

12.2 A.
1486.0 W.

3.05 A. @ 17.4 V.
28 TOTAL

MEAN
TEMP

21.
22.
24.
26.
27.
28.
26.
25.
25.
25.
22.
21.

TRACKER LIMIT ANGLE IS 45.

Grundfos SP4-8

W QW -JWHF WWo M

6/20/86)

41.87 DEG E

60 FT.- (ROUND TRIP) OF 8 GAUGE WIRE

(User Supplied)

1500 W XX-5

AVG. DAILY OUTPUT:
SYSTEM HEAD:

RAINFALL
(AVG. MM)-

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

COUPLED TO ARRAY @ 105 VOLTS

AVG.
CU.M/DAY

43.

- 44,

44 .
43.
44,
40.
47.
42.
42.
43,
44 .
44 .

0 DEGREES FROM THE VERTICAL POSITION.

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEFENDENT
UPON WEATHER CONDITIONS AND ADEGQUACY OF INSTALLATION AND MAINTENANCE.

43.3 CU.M
32.0 M.

= 00 W -~ W OO O b
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DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PXQOGRAM (PV/WATER PUMP)
(SASY/M Ver 5.0 6/20/86) .
CUSTOMER: UNIDO SURVEY DATE: 8TH DECEMBER 1986
ADDRESS: ETHIOPIA OPER: J GOODMAN

APPLICATION: AC WATER PUMPING

NOTE: SHINILE
INSOLATION DATA LOCATION: DIRE DAWA (User Supplied)

LATITUDE: 9.60 DEG N LONGITUDE: 41.87 DEG E
GROUND REFLECTANCE: .20 (J)

WIRING INFORMATION: 60 FT.. (ROUND TRIP) OF 8 GAUGE WIRE

------------ ARRAY--===c=memee ---------PUMP SYSTEM---------
TILT ANGLE: 15.0 DEGRIES Grundfos SP2-18
MAX. PWR. CURRENT: 12.2 A. XX-5
MAXIMUM POWER: 1486.0 W, COUPLED TO ARRAY @ 105 VOLTS
AS INC M55 - 3.05 A. @ 17.4 V, AVG. DAILY OUTPUT: 23.9 CU.M
7 (8) X 4 (P) = 28 TOTAL Y3TEM HEAD: 36.0 M.

v Emen En e ar Eaem e Ec Gl e GE e Er e e G AT e e an S e W R et e Sn E EREE G N R A e EmEr  m an an - e n . -

FLAT PANEL MEAN AIR RAINFALL AVG. -
MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY
JAN 453 513 21.4 NA 25.3
FEB 466 505 22.6 NA 24.9
MAR 484 498 24.6 NA 24.6
APR 479 470 26.3 NA 23.4
MAY 493 467 7.3 NA 23.1
JUN 460 430 28.1 NA 21.5
JUL 446 421 26.3 NA 21.3
AUG 473 458 25.7 NA 22.9
SEP 466 471 25.8 NA 23.5
OCT 472 502 25.0 NA 24 .8 ‘
NOV 473 529 22.4 NA 25.7
DEC 460 529 21.3 NA 25.8
NOTE: ARkAY TO FACE TRUE S5OUTH "

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.




ADDRESS:
APPLICATION:

NQOTE:

LATITUDE:
GROUND REFLECTANCE:

HORIZONTAL (N-S) AXIS TRACKING
MAX. PWR. CURRENT:
MAXIMUM POWER:

AS INC M55
7 (8) X

MONTH

JAN
FEB
MAR
APR
MAY
JUN
JUL
AUG
SEP
OCT
NOV
DEC

NCTE:

DESIGN PROVIDED BY:

AC WATER PUMPING

- EeEmer EEruw EErEr s et ErEEE EE e S e e e e e S Ere e e e e

SHINILE
INSOLATION DATA LOCATION: DIRE DAWA

Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)
(SASY/M Ver 5.0
DATE: 8TH DECEMBER 1986
J GOODMAN

CUSTOMER: UNIDO SURVEY
ETHIOPIA

9.60 DEG N

WIRING INFORMATION:

4 (P)

FLAT
LANG

453
466
484
479
493
460
446
473
466
472
473
4560

PANEL
LANG

586
598
611
593
608
563
544
582
581
600
611
598

LONGITUDE:
.20 (J)

12.2 A.
1486.0 W.

3.05 A. @ 17.4 V.
28 TOTAL

MEAN
TEMP

21.
22.
24.
26.
27.
28.
26.
25.
25.
25.
a22.

21.

TRACKER LIMIT ANGLE IS 45

Grundfos

»

[$=1

Wi OQOW-TWrFR,r WWwhH o

6/20/86)

OPER:

41.87 DEG E

60 FT. - (ROUND TRIP) OF 8 GAUGE WIRE

SpP2-18

AVG. DAILY OUTPFUT:
SYSTEM HEAD:

RAINFALL
(AVG. MM)

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

(User Supplied)

COUPLED TO ARRAY @ 105 VOLTS

AVG.
CU.M/DAY

30.
31.
31.
30.
31.
29.
29

20,
30.
31.
31.
30.

.0 DEGREES FROM THE VERTICAL POSITION.

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPLNDENT
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.

30.7 CU.M
36.0 M.

WO NMOMmWWoHOoOwm



Location Gad
Radiation station: Dire Déwa
Population: 1000 (on railroad) with small irrigation
scheme and stock watering
No. of wells: 1 B.H.
Wells: aquifer type -
depth 62m, SWL - PWL -
yield 3 L/Sec.
drawdown -
Pumping units:
motor Lister ST1 6.3 H.P.
pump | Mono BNK 1
no. of hours of operation - Demand 16 -30m3/day
fuel consumption 2 Ll/day
Distribution: pipework 9
length -15m
storage im> at ~ metre elevation
Array location: In party compound 30m east of B.H,

Design: TDH = 58m




DESIGN PROVIDED BY: Solar Electri:

International

STAND-ALONE SYSTEM DESIGN PROGEAM (PV/WATER PUMP)
(SASY/M Ver 5.0 6/20/86)

L - — -— - - — - — - e - —-— - — -t - - - - —— — e - -—— - - - - - - - - - —

CUSTOMER: UNIDOC SURVEY
ADDRESS: ETHIOPIA

APPLICATION: AC WATER PUMPING

DATE: 8TH DECEMBER 1986
OPER: J GOODMAN

s Gremsem eeemear e Er W e w em e e e M em an A er ememar eedAnds e e e EmEme W A Ea e W a —w

NOTE: GAD

INSOLATION DATA LOCATION: DIRE DAWA

LATITUDE: 9.60 DEG N LONGITUDE:

GROUND REFLECTANCE: .20 (J)

(User Supplied)

41.87 DEG E

WIRING INFORMATION: 60 FT. (ROUND TRIP) OF 8 GAUGE WIRE

------------ ARRAY---=~=~==-=-
TILT ANGLE: 15.0 DEGREES
MAX. PWR. CURRENT: 12.2 A.
MAXIMUM POWER: 1486.0 W.
AS INC M55 3.05 A. @ 17.4 V.

7 (S) X 4 (P) = 28 TOTAL

--------- PUMP SYSTEM---------
Grundfos SP2-18

XX-5

COUPLED TO ARRAY @ 105 VOLTS

AVG. DAILY OUTPUT: 16.1 CU.M
SYSTEM HEAD: 58.0 M.

FLAT PANEL MEAN

MONTH LANG LANG TEMP
JAN 453 513 21.
FEB 466 505 22.
MAR 484 498 24.
APR 478 470 26.
MAY 493 467 27.
JUN 460 430 28.
JUL 446 421 26.
AUG 473 458 25.
SEP 466 471 25.
ocCT 472 502 5.
s NOV 473 529 22.
DEC 460 529 21.

AIR
(C)

W OQOWOW3WEFE WWo O &

RAINFALL AVG.

(AVG. MM) CU./DAY
NA 17.6
NA 17.2
NA 16.7
NA 15.5
NA 15.2
NA 13.5
NA 13 3
NA 15.0
NA 15.6
NA 16.8
NA 18.0
NA 18.1

NOTE: ARRAY TCO FACE TRUE 3CUTH

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEFPENDENT

UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.
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DESIGN PROVIDED BY: Soclar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP)

(SASY/M Ver 5.0 6/20/8¢) *
CUSTOMER: UNIDO SURVEY DATE: 8TH DECEMBER 1986
ADDRESS: ETHIOPIA OPER: J GGCODMAN .

APPLICATION: AC WATER PUMPING

HOTE: GAD
INSOLATION DATA LOCATION: DIRE DAWA {User Supplied)

LATITUDE: 9.60 DEG N LONGITUDE: 41.87 DEG E
GROUND REFLECTANCE: .20 (J)

WIRING INFORMATION: 60 FT. (ROUND TRIP) OF 8 GAUGE WIRE

------------ ARRAY---==-—-=-== ~---=-=--PUMP SYSTEM---------
HORIZONTAL (N-S) AXIS TRACKING Grundfos SP2-18
MAX. PWR. CURRENT: 12.2 A. XX-5
MAXIMUM POWER: 1486.0 V. COUPLED TO ARRAY @ 105 VOLTS
AS INC M55 3.05 A. @ 17.4 V. AVG. DAILY OUTPUT: 21.2 CU.M
7 (8) X 4 (P) = 28 TOTAL SYSTEM HEAD: 58.0 M.

FLAT PANEL MEAN LIR RAINFALL AVG.

MONTH LANG LANG TEMP (C) (AVG MM) CU.M/DAY
JAN 453 586 21.4 NA 21.3
FEB 466 596 22.6 NA 21.7
MAR 484 611 24.6 NA 22.1
APR 479 593 26.3 NA 21.4
MAY 493 608 27.3 NA 21.7
JUN 460 63 28.1 NA 19.9
JUL 446 544 26.3 NA 19.4
AUG 473 582 25.7 NA 21.0
SEP 466 581 25.9 NA 20.9
OCT 472 600 25.0 NA 21.8.
NOV 473 611 22.4 NA 22.2
DEC 460 598 21.3 NA 21.7

NOTE: TRACKER LIMIT ANGLE IS 45.0 DEGREES FROM THE VERTICAL POSITION.

PERFORMANCE OF 3YSTEM AT INSTALLATION SITE WiLL VARY DEPENDENT
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.




Location
Radiation station:
fopulation:

No. of wells:

Wells: aquifer type
depth

yield

arawdown

Pumping units:

motor

pump

no. of hours of operation

fuel consumption

Distribution: pipework

length

storage

227 -

Mile

Dire Dawa

1000

1 B.H. and traditional wells in river 3 km away

27.4m, SWL 2m PWL -

1 L/Sec

Lister ST3, 10 KW
Submersible
3 hrs a day, demand 8 - 20m3

8 litres/dayv

e 0

15m

imd at dm elevation

Array location: Beside B.H.
Design: TOH = 30m
Note: At present an individual purchases fuel in Dire Dawa and then sell the

water.
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DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGKAM (FV/WATER PUMP)
(SASY/M Ver 5.0 6/20/86) R
CUSTOMER: UNIDO SURVEY DATE: 8TH DECEMBER 1986
ADDRESS: ETHIOPIA QPER: J [Q0DMAN

APPLICATION: AC WATER PUMPING

e G b ey GrAm e EEEE G E R eE e s em G G AR W A MM MR AR AR A M emar Gmamdn e en em e e e amms  Am AR an e me e

NOTE: MILE
INSOLATION DATA LOCATION: DIRE DAWA (User Supplied)

LATITUDE: 8.60 DEG N LONGITUDE: 41.87 DEG E
GROUND REFLECTANCE: .20 (J) :

WIRING INFORMATION: 60 FT.. (ROUND TRIP) OF 8 GAUGE WIRE

------------ ARRAY-=~======-—=- ====------PUMP SYSTEM--=~---=--
TILT ANGLE: 15.0 DEGREES Grundfos SP4-8
MAX. PWR. CURRENT: 12.2 A. 102 vDC 1500 W XX-5
MAXIMUM POWER: 1486.0 W. COUPLED TO ARRAY @ 105 VOLTS
AS INC M55 3.05 A. @ 17.4 V. AVG. DAILY OUTPUT: 35.1 CU.M
7 (8) X 4 (P) = 28 TOTAL SYSTEM HEAD: 30.0 M.

FLAT PANEL MEAN AIR RAINFALL AVG.

MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY
JAN 453 513 21.4 NA 37.8
FEB 466 5056 22.6 NA 37.1
MAR 484 498 24.6 NA 36.3
APR 479 470 26.3 NA 34.2
MAY 493 467 27.3 NA 33.6
JUN 460 430 28.1 NA 30.7
JUL 446 421 26.3 NA 30.3
AUG 473 458 25.17 NA 33.4
SEP 456 471 25.9 NA 34.4
CCT 472 502 25.0 NA 36.5 .
NOV 473 529 22.4 NA 36.6
DEC 460 529 21.3 NA 38.7
NOTE: ARRAY TO FACE TRUE SOUTH ~

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.




r
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DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROCGRAM (PV/WATER FPUMP)
(SASY/M Ver 5.0 6/20/86)
CUSTOMER: UNIDO SURVEY DATE: 8TH DECEMBER 1886
ADDRESS: ETEIOPIA OPER: J GOODMAN

APPLICATION: AC WATER PUMPING

. M er e e S S e s e e WP WD e G E ek s e Em e e h em eh Gm G WS am GmGm dr e e sk emdm s e e A e e Ao e -

NOTE: MILE
INSOLATION DATA LOCATION: DIRE DAWA (User Supplied)

LATITUDE: 9.60 DEG N LONGITUDE: 41.87 DEG E
GROUND REFLECTANCE: .20 (J)

e e G es e G e M eres A Am e Ml W W EW TR ErEr e G EE T W Yew eremEr S es s v e e e e e e -

WIRING INFORMATION: 6C FT. (ROUND TRIFP) OF 8 GAUGE WIRE

------------ ARRAY--~>-~====e== ====-----PUMP SYSTEM---------
HORIZONTAL (N-S) AXIS TRACKING Grundfos 3SP4-8
MAX. PWR. CURRENT: 12.2 A. 102 VDC 1500 W XX-5
MAXIMUM POWER:. 1486.0C W. COUPLED TO ARRAY @ 105 VOLTS
AS INC M55 3.05 A. @ 17.4 V. AVG. DAILY OUTPUT: 45.9 CU.M
7 (8) X 4 (P) = 28 TOTAL SYSTEM HEAD: 30.0 M.

— ey mam e e e G Wt rEr G W eE e e Er e M AN e e e GG ar mman  Em e ar e mm e e am e dm wm - — = - —

FLAT PANEL MEAN AIR RAINFALL AVG.
MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY
JAN 453 586 21.4 NA 46.0
FEB 466 596 22.6 NA 46.7
MAR 484 611 24.6 NA 47. 5%
APR 479 593 26.3 NA 46.1
MAY 493 608 27.3 NA 46.8
JUN 460 563 28.1 NA 43.5
JUL 446 544 26.3 NA 4z.6
AUG 473 582 . 25.7 NA 45.5
SEP 466 581 25.9 NA 45.4
OCT 472 600 25.0 NA 46.6
NOV 473 611 22.4 NA 47.5
DEC 460 598 21.5 NA 46.7

NOTE: TRACKER LIMIT ANGLE IS 45.0 DEGREES FROM THE VERTICAL POSITION.

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.



Location
Radiation station:
Population:

No. of wells:

Wells: aquifer type

depth

yield

drawdown.

Pumping units:

motor

pump

no. of hours of operation

fuel consumption

Distribution: pipework P

length

storage

Array location:

Design:

Harewa

Dire Dawa

1500 with seasonal variation

2 B.H. one being property of railroad

74m, S.W.L. 3dm, P.W.L. -

3 L/S.

Lister ST 1, 8.1 H.P.

Mono BNK 1

S hrs/day

4 1/day

15n

-

8m”® at 6.8 elevation

The water compound 15 X 8m with 230° bearin:
on long axis, storage tank will shade arra

- compound to be extended

TOH = 6lm.
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DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER FPUMP)
(SASY/M Ver 5.0 6/20/86)
CUSTOMER: UNIDO SURVEY DATE: 8TH DECEMBER.18586
ADDRESS: ETHIOPIA OPER: J GOODMAN

APPLICATION: AC WATER PUMPING

NOTE: HAREWA
INSOLATION DATA LOCATION: DIRE DAWA (User Supplied)

LATITUDE: 9.60 DEG N LONGITUDE: 41.87 DEG E
GROUND REFLECTANCE: .20 (J)

WIRING INFORMATION: 60 FT. (ROUND TRIP) OF 8 GAUGE WIRE

------------ ARRAY---------—c- ~--------PUMP SYSTEM---------
TILT ANGLE: 15.0 DEGREES Grundfos SP2-18
MAX. PWR. CURRENT: 12.2 A. XX-5
MAXIMUM POWER: 1486.0 W. COUPLED TO ARRAY @ 105 VOLTS
AS INC M55 3.05 A. @ 17.4 V. AVG. DAILY OUTPUT: 15.0 CU.M
7 (S) X 4 (B) = 28 TOTAL SYSTEM HEAD: 61.0 M.

FLAT PANEL MEAN AIR RAINFALL AVG.
MONTH LANG LANG TEMFP (C) (AVG. MM) CU.M/DAY
JAN 453 513 21.4 NA 16.6
FEB 466 505 22.6 NA 16.2
MAR 484 498 24.6 NA 15.7
APR 479 470 26.3 NA 14.5
MAY 493 487 27.3 NA 14.2
JUN 460 430 28.1 NA 12.5
JUL 446 421 26.3 NA 12.3
AUG 473 458 25.7 NA 14.0
SEF 466 471 25.9 NA 14.6
OCT 472 502 25.0 NA 15.8
> NOV 473 529 22.4 NA 17.0
DEC 460 529 21.3 NA 17.1

NOTE: ARRAY TO FFACE TRUE 50UTH

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEFPENDENT
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.




. 232 .

DESIGN PROVIDED BY: Solar Electric International
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER FPUMP)
(SASY/M Ver 5.0 6/2G/66)
CUSTOMER: UNIDO SURVEY DATE: 8TH DECEMBER 1986
ADDRESS: ETHIOPIA OPER: J GOODMAN

APPLICATION: AC WATER PUMPING

NOTE: HAREWA
INSOLATION DATA LOCATION: DIRE DAWA (User Supplied)

LATITUDE: .60 DEG N LONGITUDE: 41.87 DEG E
GROUND REFLECTANCE: .20 (J)

o e Er et en Srener e ErdE S S es Th e S G E A T e e e A E G enEE e S e e e G e A e em A e e

WIRING INFORMATION: 60 FT. (ROUND TRIP) OF 8 GAUGE WIRE

------------ ARRAY-=~-=--=e====- ===------PUMP SYSTEM---=~==----
HORIZONTAL (N-S) AXIS TRACKING Grundfos SP2-18
MAX. PWR. CURRENT: 12.2 A. XX-5
MAXIMUM POWEk: 1486.0 W. COUPLED TO ARKAY @ 105 VOLTS
AS INC M55 3.05 A. @ 17.4 V. AVG. DAILY OUTPUT: 20.0 CU.M
7 (5) X 4 (P) = 28 TOTAL 'SYSTEM HEAD: 61.0 M.

e e eme Emaren warw e e e e e e EGhay e eman e rEE T e e e A emeh e e e e Am v an e e e

FLAT PANEL MEAN AIR RAINFALL AVG.
MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY
JAN 453 586 21.4 NA 20.1
FEB 466 596 22.6 NA 20.5
MAR 484 611 24.6 NA 20.8
APR 479 583 26.3 NA 20.1
MAY 493 608 27.3 NA 20.5
JUN 460 563 28.1 NA 13.6
JUL 446 544 26.3 NA 13.1
AUG 473 582 25.7 NA 18.7
SEP 466 581 25.9 NA 19.7
OCT 472 600 25.0 NA 20.4
NOV 473 611 22.4 NA 20.9
DEC 460 598 21.3 HA 20.5

NOTE: TRACKER LIMIT ANGLE IS 45.0 DEGREES FROM THE VERTICAL POSITION.

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE.
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II1.7.

SUMMARY AND NOTES ON WOLLO WELLS

The rural water supply systems in Wollo are currently
under review as life returns to normal after the drought.
There are many relief agencies operating in the region with
their own development programme; OXFAM is heavily involved
with EWWCA in well drilling and system installation. An
EEC funded programme to rehabilitate a number of wells and
install new pumping systems both diesel and hand pump, will
commence soon. '

Wollo is the closest region to fuel point of entry
(Asab) into Ethiopia and hence the cheapest fovernment
policy is encouraging settlements alongside the main
N - S road providing easy access to services and supplies.
Unfortunately due to time and security constraints the sites

east of the main road could not be Visilted.

Once the review and rationalisation of the water
svstems has been complete this region should be reviewed.
For this project 5 pumps will be allocated for some of the
sites along the main road e.g. Addis Tesfa where an en-
couraging village irrigation scheme is suffering from lack
of fuel funds. These would be introduced through projects
like KAADP (XKobo and Alamata Development Project).



ANNEX III
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ECONOMIC ASSESSMENT

III.1.

ITI.2.

The time factor

As outlined in the general appraisal,
waiting an inordinate length of time for water
(queues at hand pumps or diesel systems) has
an ecoﬁomic consequence:

If one member of each four active family
members in a 400 family community spends 1 hour
waiting for water each day, this represents 3%
of the total ccmmunity man hours in a 10 hour
working day. Including the organizational
demands on the water committee in the timing

and supervision of this distribution, a figure

\of 5% of the total productive man-hours is

spent waiting for water.

To quantify an economic value on this:
Each family has 5 members of which 4 are active
in production (children, elders and the infirm
account for 20%). It the average household per
capita is § 100 per vear and if it 1is assumed
that production is spread evenly over the ‘
vear this represents a production loss per
community ner annum of § 2000, a sizable sum.

Pumping Svystems

Of the quantifiable economic parameters
of solar pumps, the life of the array, re-

presenting the major capital cost component,




is the most important. Economic assessment
must take this into account and the life

’ cycle cost technique is the most appropriate
approach because all future expenses are
accounted for and expressed in present day
values.

As neither PV pumps or diesel powered
pumps are manufactured in Ethiopia, capital
and replacement cost discounting and infla-
tion rates are assumed as those on inter-
national tender markets. However, the fuel
and maintenance costs discount and inflation
rates reflect those pertaining in the planned
economy of Ethiopia.




ITL.2.

Note:

a) PV PUMP SYSTEM CHARACTERISTISCS

System Head, metres 35m.
Average daily water output 30 m3
Insolation 5 Kwh/m2/day
Array 1.113 Kwp
Pumping system capital cost $ 10/wWp
(F.0.B. cost)

Pumping system availability 95%

Array life 20 years
Pump life 5 years
Nominal discount rate(world market) 10%
Inflation rate (world market) 5%

Volume of water pumped over 208,050 m3

life cycle at 95% availability

Maintenance is assumed at $ 100 per annum
which allows for broken modules and inverter

replacement in the life cvcle.

Net present value unit cost of water $/m3:
at 10% discount rate, no inflation S 0.07/m3

at 10% discount rate, 5% inflation S 0.09/m3

In the range of a.c. P.V. water pumps
recommended up to the S0 - 100 meter svstem
head range (producing 12m3 day), there is an
initial capital cost increase of § 3127,
with no other costs. This is an extra

$ 0.04/m3 water for this 12m?® output.




IIT.2.

b)

DIESEL PUMP SYSTEM

System head

Average daily water output

Diesel generator power rating

Average load factor

Diesel fuel cost

Pumping system capital cost

(not installed)

Pumping system availability

Generator set life

Pump life

Nominal discount rate

(world market)

Ethiopia

Inflation rate (world market)
Ethiopia

Volume of water pumped over
life cvcle at 90% availability
Average daily fuel consumption
Diesel engine is overhauled

in the 6th. vear.

Diesel NPV unit cost of water;

at 10% discount, no inflation and
fuel cost $ 0.50/1litre (1.03 Birr/litre) § 0.10/7°

35m

30m3

3.0 Kw.

45%

$ 0.50/1litre
$ 1.60/W

90%
6 vears
5 years
10%

(VAR ¥y
ws  go

[N
oo

197,100m3
4.2 litres/day

at 10% discount rate, no inflation
and fuel cost § 0.75/1litre (1.55 Birr/litre) § 0.13/m?



IIL.2.

c)

11)

111)

Discussion on Analysis

This analysis of pv and diesel life cycle
costs for a 20 year period assumes the
following:

The dominant p.v. cost is the initial
capital cost. The figures of 0.09 USD/m3

and 0.7 US$/m3 are the NPV values of
pumped water with and without inflation

rate (5%) at a discount rate of 10%. The
inflation rate of 5% is realistic assump-
tion today and future pv price reduction
and inflation increases should keep an

even rate applicable over the life cvcle.

The dominant diesel system cost and the
most sensitive 1is the fuel price: an
increase of diesel price from S 0.50 to

§ 0.75 (1.03 - 1.55 Birr) 1increase the
NPV unit cost bv § 0.035/m3, a substantial
increase. Note that these figures are
derived from a discount rate of 10% with
no inflation component i.e. it is the
aosolute minimum unit cost of water at
that rate.

The inflation rate over the 20 vears for \
the diesel life cycle costs are impossible

to ascertain. Looming fuel shortages in 2
the 1990's, hidden inflation in the

Ethiopian economy, fluctuations in

exchange rates due to increased borrwing

from international banks all compound

the rate. Hence the figures for (ii)

represent the absolute minimum unit cost

of water.




iv)

vi)

The true cost to the Govt. of delivering the
fuel to the site cannot be quantified. However,
the rate more closely reflects the figure of

§ 0.75/litre than § 0.50/1itre if all hidden
costs could be included.

Given the worst p.v. case (10% discount and

5% inflation) and the best diesel case (10%
discount, no inflation) it is more economic to
install p.v. pumps in certain areas up to a
certain capacity. That limit at present, is
in the range 700 - 1000 m4 where m4 is

volume (m3) multiplied by head (m).

As outlined in the report it is only recommended
that a.c. submersible p.v. svstems up to 1.5 Kw
range be considered. Although larger systems
exist with surface mounted pumps they are

not recommended for this present proposal.

The government contribution of installation,
storage and distribution construction costs

1s justified purely on the grounds of time as
outlined in Annex III.1. In terms of

increased production from relieving time

on waiting for water the government will be
repaid in less than 4 vears. All other benefits

are a bonus.
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III.3 VACCINT RFFRIGERAT™OR SYSTEMS

Vaccine refrigeration:

SYSTEM CONFIGURATION

FINANCIAL

f.o.b. Capital cost

Recurring capital cost

Maintenance & Repair

Fuel costs

Vaccine wastage

RESULTS:

NPV of 20 yrs cash flow

Vaccine storage capacity

PV System

large

80 litre refri-
gerator

168 Wp PV arrry

3.6 kwh Battery
storage

S 4,781

S 349 every

5 vears.

$ 2,897 every
10 vears

% per year

NA

2.6 litres

$ 10,757

80 litres

Kerosene System

large

68 1ltr. refrigerator

Fuel consumption

0.7 litres/day

458

§ 358 (every S5 yTs)

10% per vear

§$ 179 p.a.
(represents 1.43 Birr/1lt]

26 litres

$ 10,569

68 litres




-

Source: Meridian Corporation - Evaluation of
International Photovoltaic Projects.

Notes: 1. These figures are based on high insolation
levels. 5.5 - 7.0 kWh/m2/day. For areas
with lower insolation, array size and
hence initial capital cost will be increased.
The importance of adequate sizing is funda-
mental to good operation.

2. Cost of vaccine is § 19/litre.

5. There is not a clear cut financial
preference between pv and kerosene
refrigerators. In this analysis the
annual fuel costs have been allowed an
annual discount and inflation rate of
5% in calculating N.P.V.

1. The largest cost for kerosene refrigerators
15 related to vaccine wastege due to lou
operating availabilitv. This has a fincial
consequence as wastage has to be

replaced by a pure cash outlav.

-
v

The dominant cost for pv powered svstems
are replacement costs which indicate parti-
A cularly the importance of battery life and
warranty.






