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EXECUTIVE SUMMARY 

The purpose of this project is to assess the conditions 
and requirements for ~v 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, leav-e the 
remote lowland areas dependent on fossil fuels for their 

small energy requirements at an enourmous cost to the 
government. The in: r0duction 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 jiverse climatic conditions but within easy access for 
monitoring, evaluation and training of E.P.I. (Expanded 
Project on Immuni:ation) persor.nel. 

The project, as part of the advisory role of the 

Ethionian National Energy Committee, will provide detailed 
designs, specifications and cost estimates for the 
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installation of lights at SO 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. 

' 
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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 expert to assist the governr.ient 
in assessing conditions for pv applications in the 

drought, resettlement and remote areas. The purrose 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 systems 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 vi5ited, both 
those identified in the initial pr0jec~ proposal 
and those further recommended by regional authorities. 
Ex~ensive di~cussions were held with authorities in 
the Ministry of Health (EPI) and the ~inistry of 

Education (School Building and ~aintenance Unit). On 
completion of the field work, the computer design 
work on system outputs was completed in the company 
offices in ~airobi and London. An inte~im report on 
the design opti~ns w~s presented to UNIOO during 
debriefing on 10th December 1986. 
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The author wishes to ex~end his thanks to all 
authorities and individuals who· assisted him in 
executing the mission. Dr. Gheb~u 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, 
Asress 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. 

2. 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 will supply energy 
directly to the national grid or to isolated, but 
large, population centres. rhere are considerable 

• 
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areas which are denied access to the national grid; 

these areas generally being the lowland bo~der areas. 
In some of these areas, particularly in the western 
lowlan~s 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; lnd maintenance services. 

The Ethtopian 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.~.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 systems 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 
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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. 

b) 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 reci~ients 

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.~.E.C. 

The government has an active policy of 
standardisa~ion 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 ~et economically by solar 
power). 

3. 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 a~e basic to their future. 
The three sectors; water pumping for clean, potable 

water supply, refrigeration for effective immunisation 
programmes and ligh~ing for nightime communitv 
development activities are analysed in separate 

sections together with specifications and implementa­
tion costs. 

The immediate objectives of the proposal are; 

3.1 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.K.K.C.A. of high ~aintenance demands in lo~ 

priority (demographic) areas . 

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

Vaccine refrigeration 
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EPI pers.onnel direct experience in running 

solar powered vaccine refrigerators. 

b) to provide a base for evaluation < 1d monitoriug 

of equipment in diverse climatic conditions 

representative of the country as a whole. 

3.3 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 AXD ACTIVITIES 

4.1 Kater pumping. 

Once funding has been found, tender put out and 

the contract awarded for the supply of the pv pumps, 

t~o engineers, one from ENEC and one from E.~.W.C.A. 

~ill spend up to one month a~ the manuf3cturers 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:ing, and compatable ~ith 
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hardware being installed at ENEC. The hardware 

available should be specified to the manufacturer 
as soon as thP. 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 kK 
arr~y at ~ito 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,oroviding 
adequate 'on-point' storage facilities,will be 

implemented as soon as the first units are installed 
using designs from Jima. Installing a pump and array 
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 poKer source. 
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4.2 V~ccine Refrigerator pilot project 

This tender will be put out separately from 
the water pwnping 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 an1 ready 

for installation. 

4.3 Lighting for Schools 

The designs, specifications and cost estimates 
have been forwarded to the UNESCO advisor to the 
OPEC funded SO 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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S. Project Inputs 

5.1 Water Pumping 

The system installed coses for a typical 
system at a remote site some 400 Km from a regional 
E.W.W.C.A. yard is given in se~tion AS with a full 

breakdown on foreign and local cost components: 

For each system, which includes s~pply of pv pumps, 
freight, installation 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 (2 1n Humera, 5 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.o.b. For budget cost assume 
f.o.b. cost as $ 15,000 per unit. 

f. o. b cost for a. 7 systems $ 705,000 
seafreight/insurance from 
country or origin to As ab $ 35,000 

Total c.i.f. Asab $ 740,000 
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These budget costs are strictly estimates for UNIDO analysis 

only. The freight costs are particularly difficult to estimate 

as the country of origin of eventual supplier is unknown. 

lJNIDO contribution 

c. i .f. cost 

10% spares 

Vehicle 

Overseas training 

2 man-months including 
air fares 

Total UNIDO contribution 
for pv pumping 

weal component 

$ 740,000 

$ 70,500 

$ 17,000 

$ 9,000 

$ 836,500 

The cost of breakdown (section A5) is fairly representative of the 

spread of sites. 

Total government contribution for 47 sites 

in us:; $ 515 ,001. 00 

Including a 10% contingency 

Govt. contribution $ 566,500 or approx. 1,200,000 Birr. 

5.2 Vaccine Refrigerator pilot project 

See section B6 cost estimates for UNIDO 

contribution $ 40,400 

Govt. contribution 12,100 Birr or$ 5,845.41 

5.3 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 

Loe al component: us$ 16, 966 or 35 ,12'J Birr. 

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

of equipment and installation team to the project site~ 

Total Government contribution: 41,320 Birr or approx. US$ 20,000. 
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A. WATER PUMPING 

A. I. GENERAL DISC'JSSION PAPER ON THE USE OF SOLAR WATER 
PUMPING FOR REMOTE REGIONS IN ETHIOPIA, wi~h 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 smali diesel systems. Diesel generator and 
direct belt driven pumping systemsare 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 
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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 not functioned for 3 months or so for a 

variety of reasons (contactor fuse at Dalo 
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 se~ving 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 criven mono pump is installed at all sites. 
However, even here, the transmission bearing 

problems of the mono pumps (see Breakdown 

above) was evident. 

• 

, 
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c) Personnel 

All t~e operators of the systems were dedicated 

to tl1eir responsibilities. However, they are 
not tra.ined to 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 4oes not require specific training in 
day to day operation. 

d) 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 is a centrally planned economy 

with a basic fixed fuel price, not 
subject to market forces. 

b) the institutional "hidden" ~ost of 

organi:ing 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 conununity now purchased fuel in 

Dire Dawa and sold the water. This is an 
example where only those with sufficient cash 

I 
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flow have access to pctable water. This is a 
special case; in most communities money is 
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 th~ new settlement and developing areas, 

sach as Gambella and Metema, communities are 

tGtally dependent on the regional and central 
administration for pro_viding fuel as they 

establish themselves economicaliy;a heavy 

burden on the administration. 

e) Distribution 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 a~alysis 
this is the advised design. However, for 

computer designs of surveyed sites existing 
storage and distribution systems have been 

accounted for in system head. Introduction 
of on point ferrocement tanks as part of 
government contribution to the project will 

increase water cu~put at these sites. 

f) Hand pumps and Diesel Systems: the time factor 

" - . - ~ - 1 
r\ !(,CUC 1 a.J. ..:.v111111c11 t - 1 . - ...... 

111 au. c;; a 1. ::i.1..Le 

was the inordinate length of time waiting for 

• 

• 
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water; an opportin1i ty cc st of 1 abour . 

This feature of waiti~g fo~ water is common 
r 

at all small rural water projects, handpump 
and diesel. 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. 

A.2 SITE SELECTIO~ 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 higtland 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 project 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 
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considered. However, there are many sites wi~hin 

these areas which ~"'~·t have energy access - the so 

cal:ed "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 consid~rable 

distances involved - Asab to Abobo, south of 
Gambella in Illubabor is a distance of nearly 

2,000 km. 

To illustrate the variability of fuel cost 

due to distance at the main centres: 

Diesel cost/litre Distance from Addis 

Addis Ababa 0. 79 

Jima 0.83 

Me tu 0.90 

Gambella, Illubabor 

Birr. $ 

Birr. s 
Birr s 

0.38 

0.40 

0.43 

356 Km. 

619 Km. 

(Ubala is some 80 Km south of Gambella). 

Gonde1·, Gonder 
(Met em a is 175 Km N. w. of Gonder but fuel goes by 

Yavello, Sidamo 0.91 Birr. s 0.44 570 Km. 

Moyale, Sidamo Fuel not available. 770 Km. 

Harer, Harerge 0.80 Birr s 0.39 Fuel via Awash 

Dire Dawa, Harerge 0.74 Birr s 0. 38 " 
Dessie, Wollo c. 7 s Birr s 0 .. 36 Fuel direct from 

plane). 

As ab. 

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 
r-n c: ~ c: 'I --- --,1. 

• 
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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 
iimit~. 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 is 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 - 3 

months before the visit; at the ~th well an indivi­
dual had taken the responsibility of purchasing 
diesel in Dire Dawa and selling the water. This is 
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 and well depth criteria) 

The most suitable state of the art in solar 

pumps (and the stated preference of the ENEC) 
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is for A.C. submersible pumps which have a range up 

to l.S 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 - 2Sm; 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 Abo! villages (Finkao 6, i 

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 family takes 2 minutes to take 

it's 20 - 30 litres this represents full time 
pumping of 13 hours a day !). In newly est~bli~hed 

settlements this time factor, represent~d by an 
opportunity cost of labour, together ~ith lack of 
funds to pay for diesel provide an ideal location 
for solar pumps. This is the justi;ication for the 
high priority for solar pumps on Gambell a and ~letema 

wells. In all handpump sites visited the main 
complaint of the water committees was the time 
factor; however a major feature of :ill r11r;:il 

a 
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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 wel 1. 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 

Where ~ = 
0 = 

l\here L = 
DEC = 

tan 0 
Solar altitude, angle of sun above horizon. 
Sin - l (Sin (L) Sin(DEC) + Cos (L) Cos (DEC) Cos (HA)) 
latitude (+ve for N temisphere). 

Solar declination, tilt of the earth 
w.r.t. sun for the day of the year 
(+ ve for N hemisphere. 

= 23.45° x Sin (360 x (284 + DAY)_/365) 
Khere DAY = ~o. of the day of the year 
Jan 1st. = 1, Dec. 31 = 365 

HA = hour angle, angular deviation aKay from 

solar noon ( - refer morning, +ve afternoon). 
= (time - 12) x is 0 

For Horizontal (\ - S) tracking the formulae 

still apply but consider carefully the hour angle. 
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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 exceptions 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. ~any of the sites are in black cotton 

(montmorillite) clay soils and drainage precautions 
must be taken. In all site selctions the soil and 

d~ainage conditions should be noted. 

h) A preliminary evaluation of site viability 

w.r.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 E~EC for viability 

analysis. As format varies from region to region 
copies of the attached form can be circulated. 

• 
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Location 

Radiation station: 

Population: 

No. of wells: 
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SITE SURVEY REPORT 

Wells: aquifer type 

depth 

yield 

drawdown 

Pumping units: 

motor 

pump 

no. of hours of operation 

fuel consumption 

Distribution pipework 0 

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 mP~~es 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.\U~.C.A., Jima anJ 
represent costs of construction in Jima; transport 
is extra. Note that a crane or other lifting 

device is required to lift 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 s i633 
so ml rectantular masonry tank 33, 206 Birr or s 16042 
25 ml ferrocement tank 10,982 Birr or s 5305 
10 ml 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 2Sm 3 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 requ~ring basic hand tools and cement. 

The capacity of 2Sm 3 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 system 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. 

• 
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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 eithe~ converted to storage or 

have secondary ferrocement tanks constructed beside 
them. 

The existing distribution systems on the wells 
surveyed wer·e 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 14.7 3 to 8.7 3 for fixed array 
and 19.6 m3 to 11.5 m3 for tracked array (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 rn1n1mum 
energy. It is a reasonable assumption that with 

,..,+ ",..,..,,,;r!inrr .,.,,.,,..,,,..,"'° 
-- .------- .. -o .... ---;- .. ·-

t,;.,..i.,, ,, _____ !\.'1-
... ____ -""'"'-C.:):J.J.U.l.C:::: 



- 28 -

potable water that the water should be provided 

but it is unnecessary, and presently not economic, 
to have that water delivered')ust outside the front 

door~ In fact the system at Wachyga Busha has not 

worked for some months, due to lack of funds for 
diesei 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 1S 0 and ~n° is negligible although 
the month to month variation was smaller for the 

15° tilt angle. As any ~ater 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 Kithout 
a levelling in the month to month variation. 
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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 is tilted along the N - S axis towards the 
east (45° to horizontal) in the morning, flat 
around midday (11 am-2 pn) and towards the west 

(45° 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 arrays 
once or twice a day, as well as keep the arrays 

relatively dust free. Every village or settlement 

visited has a ~ater committee which is responsible 
for collecting fees (to pay for diesel if a 

generator is installed), guard the system and to 
fairly distribute the water. Potable water is an 
essential part of living and as such any system 

providing such is treated with respect; certainly 
the experience of SEI is that we recommend this 
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DESIGN PROVIDED BY: ARCO SOLA& EUROPE 
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP) 

(SASY/K Ver 4.2 12/20/85) 
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -

CUSTOMER: UNIDO SURVEY 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING 

DATE: 7DEC86 
OPER: DJS 

--- --- --- --- --- --- --- ~-- --- --- --- --- --- --- --- --- --- -
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) 

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

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--------­
Grundf os SPl-28 
102 VDC 1500 W XX-4 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 9. l 
SYSTEM HEAD: 80.0 --- ---

CU.M 
~---- --- --- --- --- -

----------SYSTEM DESIGN ANALYSIS----------

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.l NA 9.7 
APR 554 547 28.9 NA 9. 5 
MAY 516 491 28.7 ~A 8.6 
JUN 484 454 27.8 NA 8.0 
JUL 477 452 26.l NA 8. l 
AUG 414 405 26.0 NA 7. l 
SEP 479 489 26.0 NA 8.9 
OCT 511 552 27.3 NA 9.9 
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 or 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 

DATE: 7DEC86 
OPER: DJS 

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

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

--- --- --- --- --- --- --- --- --- --- --- ---
. 

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

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

------------ARRAY------------
TI LT ANGLE: 20.0 DcGREES 
MAX. PWR. CURRENT: 12.2 A. 
MAXIMUM POWER: 14B6o0 W. 

AS INC M55 
7 ( s) x 

3.05 A. @ 17.4 V. 
4 (P) a 28 TOTAL 

.---------PUMP SYSTEM--------­
Grundfos SPl-28 
102 VDC 1500 W XX-4 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

9.0 CU.M 
80.0 M. 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL MEAN AIR RAINFALL AVG. 
MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY 

JAN 457 546 26.9 NA 9.8 
FEB 514 578 29.6 NA 10.0 
MAR 535 557 30.1 NA 9. 7 
APR 554 537 28.9 NA 9. 3 
MAY 516 476 28.7 NA 8. 4 
JUN 484 438 2 7. 8 NA 7. 6 
JUL 477 437 26. 1 NA 7. 7 
AUG 414 397 26.0 NA 6. 8 
SEP 479 486 26.0 NA 8.8 
OCT 511 559 27.3 NA 10.0 
NOV 497 584 27.9 NA 10.3 
DEC 465 567 27.5 NA 10. l 

NOTE: ARRAY TO FACE TRUE SOUTH 

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT 
TT PON WEATHE?. C0~!:1!'!!0NS .'.N!l AD!Q!!.~~'! er T 'l1 C .... A T T A "" 'P " .. T ... '""" .. , ' ....... "' -... , ..... -.................. .,, .w.n.,,,. .I.,, ... n ... ""' ~'•n. ""' ..... "'- ...., "" n. n '-' r:. • 
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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 

DATE: 7DEC86 
OPER: DJS 

INSOLATION DATA LOCATION: METEMA ETHIOPIA (User Supplied) 

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

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

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 
7 ( s) x 

3.05 A. @ 17.4 V. 
4 (P) • 28 TOTAL 

---------PUMP SYSTEM--------­
Grund fos SPl-28 
102 'VDC 1500 W XX-4 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

8.1 CU.M 
80.0 ~-

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL MEAN AIR RAINFALL AVG. 
MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY 

JAN 457 386 26.9 NA 6.3 
FEB 514 456 29.6 NA 7. 7 
MAR 535 504 30.1 NA 8.3 
APR 554 549 28.9 NA 9. 5 
MAY 516 531 28. 7 NA 9. 3 
JUN 484 507 2 7. 8 NA 9.0 
JUL 477 495 26. 1 NA 9.0 
AUG 414 417 26.0 NA 7 . 4 
SEP 479 462 26.0 NA 8.4 
OCT 511 464 27.3 NA 8. 1 
NOV 497 424 27.9 NA 7.0 
DEC 465 383 2 7. 5 NA 6. 2 

NOTE: ARRAY TO FACE TRUE NORTH 

PERFORMANCE OF SYSTEM AT INSTALLATION SIT~ WILL VARY nF~FNDE~! 

UPON WEATHER CONDITIONS AND ADEQUACY OF IHSTALLATION 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 l 

DATE: 7DEC86 
OPER: DJS 

INSOLATION DATA LOCATION: KETEMA ETHIOPIA (User Supplied) 

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

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

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

------------ARRAY------------
DOUBLE AXIS TRACKING 
MAX. PWR. CURRENT: 12.2 A. 
MAXIMUM POWER: 1486~0 w. 

AS INC M55 
1 (S) X 

3.05 A. @ 17.4 V. 
4 (P) • 28 TOTAL 

---------PUMP SYSTEM--------­
Grund f os SPl-28 
102 voe 1500 w xx-4 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

12.6 CU.M 
80.0 M. 

----------SYSTEM DESIGN ANALYSIS----------

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.l NA 13. 2 
APR 554 713 28.9 NA 13. 2 
MAY 516 658 28.7 NA 1 z. 5 
JUN 484 618 27.8 NA 12. 0 
JUL 477 605 26. l NA 11. 9 
AUG 414 514 26.0 NA 10. 1 
SEP 479 620 26.0 NA 12. 2 
OCT 511 709 27.3 NA 13. 3 
NOV 497 747 27.9 NA 13 . s 
DEC 465 7 31 27.5 NA 13 . 2 

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 12j20/85) 

CUSTOMER: UNIDO SURVEY 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING 

NOTE: VILLAGE NO l 

DATE: 7DEC86 
OPER: DJS 

INSOLATION DATA LOCATION: METEMA ETHIOPIA (User Supplied) 

LATITUDE: 12.95 DEG N LONGITUDE: 36.07 DEG E 
GROUND RE~LECTANCE: .20 (J) 

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

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

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

AS INC M55 
7 ( s) x 

3.05 A. @ 17.4 V. 
4 (P) • 28 TOTAL 

---------PUMP SYSTEM--------­
Grundfo s SPl-28 
102 VDC 1500 W XX-4 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

12.2 CU.M 
80.0 M. 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL MEAN AIR RAINFALL AVG. 
MONTH LANG LANG TEMP (C) (AVG. MM) cu.~/DAY 

JAN 457 611 26.9 NA 11. 8 
FEB 514 686 29.6 NA 12.8 
MAR 53 5 702 30. 1 NA 13. 1 
APR 554 711 28.9 NA 13. 2 
MAY 516 649 28.7 NA 12. 4 
JUN 484 602 2 7. 8 NA 11. 7 
JUL 477 59 3 26.l NA 11. 6 
AUG 414 512 26.0 NA 10. 1 
SEP 479 615 26.0 NA 12. 1 
OCT 511 675 27.3 NA 12. 9 
NOV 497 666 27.9 NA 12. 5 
DEC 465 624 2 7. 5 NA 11. 9 

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 12/20/85) 
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

CUSTOMER: UNIDO SURVEY 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING 

DATE: 7DEC86 
OPER: DJS 

--- --- --- --- --- --- --- --- --- --- --- ---
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) 

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

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

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

AS INC M55 
7 ( s) x 

3 • 0 5 A • @ 1 7· • 4 V • 
4 (P) ~ 28 TOTAL 

---------PUMP SYSTEM--------­
Grund f os SPl-28 
102 VDC l50C XX-4 
COUPLED TO AR. ,y @ 105 VOLTS 

AVG. DAILY OUTPUT: 11.9 CU.M 
SYSTEM HEAD: 80.0 M, 

----------SYSTEM DESIGN ANALYSIS----------

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. s 
MAR 535 691 30.1 NA 12.8 
APR 554 70 l 28.9 NA 13.0 
MAY 516 642 28.7 ~A 12. 2 

JUN 484 597 2 7 . 8 ~A 11. 5 
JUL 477 588 26.1 ~A 11. 5 
AUG 414 507 2 6. 0 NA 9.9 
SEP 479 607 26.0 ~A 11 "9 
OCT 511 664 2 7. 3 NA 12.6 
NOV 497 654 2 7 . 9 NA 12. 3 
DEC 465 613 2 7. 5 NA 11. 4 

NOTE: TRACKER LIMIT ANGLE IS 45.0 DEGREES FR0!1 THE VERTICAL PO SI TIO~!. 

PERFORMANCE OF SYSTEM AT INSTALLATION SITE 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.S. SYSTEM INSTALLED COSTS 

1. 

2. 

3. 

Typical cost for a system with 60 metre T.D.H. 
producing 20m 3 water/day at a new well site in 
remote area e.g. Gambela district. 

Exchange rate US$ 1 = 2.07 Birr. 

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

Sea freight, insurance to Asab 

(estimate only - this will depend on 
quantity) 

Transport Asab - Jima 1500 Birr. 

USS l.+311.95 

USS 1000.00 
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4. Transport of pumping 

s. 

6. 

7. 

8. 

9. 

10. 

system, cement, reinforcement 
steel, mesh and pipe work 

1 no 10 tonne E.W.W.C.A. 

truck. Jima 800 Birr 

- Gambella (roundtrip) 

Construction of base slab 
lOm x 2.2m x O.lOm with 

mesh reinforcement. 

Construction of 2Sm3 

ferrocement tank using 
local labour and sand 

(community contribution) 

2000 

10982 

Pipework (2 11 dia) for system 1700 

of 60m head including drop 

pipe, gate valves, bends 
and 8 fawcett distrirution 

point 

Skilled mason for 1 month 
including field allowance 

to supervise tank construc­
tion. 

E.W.W.C.A. pumn installa­

tion team to wire array 
install pump 

Erection of fence around 
array 25m x lSm x 1.Sm high 

of SOmm x SOmm mesh 
including gate. 

600 

1200 

2700 

c/f 

" 

II 

II 

" 

" 

" 

c/f 
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Erection of guard house 
including mounting of 
pump and inverter 

Total: 

1200 Birr. 

22682 Birr. US$ 15311.95 

Total cost: $ 15311.95 foreign component 
$ 10957.48 local component 

Total system: $ 26269.44 

Note: 

Or 

======-======= 

$ 17. 7/Wp complete system with 

25m 3 storage tank and 
on point distribution 
system. 

The P.V. pumping system c.i.f. cost Ethiopia 

is S 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.l. 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; Howeve~ 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 p~ovide 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 Gambel a are served bv an outreach programme 

based at Gambela hospital. The ryrogramme is 

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 th~ir program-
me is to extend the cold chain into the rural 
areas ~here vaccine deliveries can be independent 

of immunisation schedules. 

The Ministry of Health ~as 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 budgetary cycle 
constraints make funds frequently scarce. 

B.2. 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 responsibility 
of the supplier to separately aquire system components 
which made warrantv claims impossible. The project 
was not funded. H-owever,with the present state of 

the art there are many proven cheaper systems with 
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warranties of S - 7 years which make the f i~ancial 

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. 

B.3. 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 always be readilv available. The 
units require very little maintenance most of which 
is related to defrosting and temperature controls 

(as with kerosene); monthly checks of b~ttery 

levels (if non sealed type) and cleaning the 
array. The units l!Se equipment standard to all 
household a.c. fridges whose realiability is Kell 

demonstrated with a life span of at least 10 years. 
Training of operators is considerably easier than 

with kerosene refrigerators whose burner, flue and 
wick must be serviced each week to ensure 

reasonable ope~ation. 



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 

AD1'· I .S ABABA 

I JAJI 175 Km W. of Addis 
BUTAJIRA 210 Km s.w. of Addis 
EFFESON 270 Km N. f. of Addis 
AW:\S A 310 Km s. of Addis 
ASAB 

See attached site plans and array locations 

for all sites except Asab. 
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B.S. PROJECT INPUTS 

The project is aimed at evaluation, monitoring 

and traini~g 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 area5 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 - SO 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 serv~ce 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 

1. Supply of 6 No. Solar powered 

vaccine refrigerators with 40-50 litre 
storage capacity, ice making 

facility and complete with adequate 

sized solar arrai stand and 
battery storage bank for up to 5 days 
"no sun" conditions. 

2. 10% spares package consisting of 

1 compressor unit, 2 solar modules, 
repair kits, batteries (to 
manufacturer's recommendations) 

3. Transport to Assab - estimate 
seafreight. 

US$ BIRR. 

$ 24,000 

$ Z,400 

$ 3,00 0 

4. Manufacturers engineer to install 

fridges and train EPI technicians, 
three weeks plus airfare. s 7,000 

5. Array stand foundations - to be 
specified by manufacturer 

(assume l.Om 3 reconcrete/staad)6m3 

6. Fencing for each stand - l.Sm high 
zoom x zoom mesh supported by 

steel posts set in concrete with 
gate, including labour. 

- If" 
'-1 L 

3,600 

4,900 

- If" 
'-1 L 
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Transport of materials, solar 

equipment and installation tea~. 

Total: 

+ Contingencies 10% 

UNIDO contribution $ 40,400 

Govt. contribution 12,100 Birr. 

$ 36,400 

$ 40,400 

Z,500 

11,000 Birr. 

12,100 Birr. 

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

2. ~anufacturer to advise beforehand 
specifications for array stand 

foundation so that this is ready on 
arrival. 



I 

J 

I 

·-
' l 
I ! 

LJ 
; l 

XP/ETH/86/038 

location of sites tor EPI solar vaccine 

ref rig era tor pi lot pr OJ ec~ 

december 1986 j good man 



0(\{J 

ma1 n 

t I 
.., 

I 

-
Ul I 
3 tenc e 

I <> 
[ 1 shelter 

r I 

building 
lab. cold 

room 

I " ~------ u 
/ 

/ lab. 
/ 

I / 
,l -

/ 

/ fridge 
8m. / 

/ 

,.... /,,.cable 30m 
...... , 

-

~ / ....... 
')C lab . 

I, /' 
f I 

~ 

(. ' array 
.... I .... 

....... , 

35m 

central laboratory 
addis abab~ 

I 

not to scale 

I 

+="' 
(X> 



... ,·--· . ' ,.... l 
~ 

I ___ delivery 

r 

I -- - e d u ca t i o n 

·0 
~o 
I 

gate 
fridge-

I 

I-

-1 ~ 

I..::.._ 8m r 
... 

clinic 'WD 
office 

cable 
c .,,.,_: , f "' 1 Om 

I!- • ' .... --I-~"' ' - \ ... \ IL__ 
\ 

\ ~ ' 
array/~ -- - 2-----fence 

\ -.... 

I 
' 
I 

• 

20m 

J 

I J aj I health centre I 
J 

not to sea I e· 

~ 
'0 



' ,. -~. ' .. -- - - . . -- .. . 

I 

\ 
,waiting 
I I clinic I \ 

area \ 
\ I I I \. 

tence ~ ;\ \ 

\ 
.... \ 

array~.... , 
( ~ ' \ 

fridge ' ""'"' 
\ 'b .... 

'I _, '\ I ~ 
\ I . . I 11 cabte,.v2Qm) 

0 

cl 1 n1c 
~ 

\ I I I I I / 

l / 
gate 

T / 
. . /.b t .. 

I I l . . I u aJ 1 ra c 1n1c · 
/ health centre 

L . . _ . _ . __ ___/ · not to scale 



t __ ·; r· ·--
....__ ·-4 \. 

,. 
I 
·~ .fence 

~ a :; ~ 

/ 
/ ,: 
. - ~ .. ,,, - -
' / !' - -

' / I 
'"" ,v I 

cable tv 20m 

L._ 

_I 

. - . 

office clinic 

n ~ -i-_-_--~~ 
-fridge 

eff es on 

_ ....... gate 

health centre 

not to scale • 

I 

-· J 

Vl 
t-' 



~- _,_ -·-·- ···-t- ·-·-·-·-·-·-·-·-·-( 

I 

drug 
store 

I I lab I offices 

cl 1 n i c 

I. 

gate 
Lo--. 

I -~--1 

• 

,,,.<fence 

/ ' 
( ~array 

/ 

' / ~,~cable N 20m 
~ 

fridge 

office 

shelter 

awasa health centre 
not to scale 

• --- • - --- - - • - • - • - t' 

I 

I . 
I 

_.J 

Vl 
I\) 



- 53 -

C. 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 Devalopment 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. 

C.l. 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. 

C.2. MODULE SITING, INSTALLATION AND SYSTE~ DESCRIPTIO~ 

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 oossible. 
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This 'stand alone' mounting rather ~han 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 ~uns 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. 

C.3. 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 is a 
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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 MSS 
ARCO M65 
ARCO M75 

53 watt module 

42.1 watt module 

47 watt module 

3.05 

2.90 

2.94 

Amps 

Amps 

Amps 

at 17.4V 
at 14.SV 
at 16.0V 

Xote that the M65 module has a maximum voltage of 

14.S volts which is ideal for charging 12 volt 

batteries without the need for a charge controller. 

This "self regulating" characteristic as it is called 

is generally an option in the product range of most 

module manufacturers; it has lower daily output. 
However, it is advisable to have a loK ~oltage 

cut out ~ith the self regulating ~cdules to avoiJ 

deep discharging the batterv. 

Korst month outputs in AH (ampere hours) lre: 

Metema Gambell a Asosa ----
>IS 5 12.6 9.4 10.0 
>165 10.2 8.0 8.9 
~17 5 12.0 9.1 9.7 
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DESIGN PROVIDED BY: Solar Electric International 
STAND-ALONE SYSTEM DESIGN PROGRAM \PV/BATTER't / 

<SASY/B Ver 5.0 6/20/86) 

.~UST OMER: UN I DO SURVEY 
1~DDRESS: ETHIOPIA 

APPLICATION: INDUSTRIAL D.C. 

DATE: 11th Dec:ember­
OPER: J GOODMAN 

"' .-. -·, . 
.l 70C: 

H~SOLATION DATA LOCATION: ASOSA <U~er Sup~.i.iec: 

LATITUDE: 10.04 DEG N LONGITUDE: 34.31 DEG E 
i..3ROUl\ID REFLECTANCE: . 20 \ J > 

SYSTEM VOLTAGE: 12 V.D.C. 
~VG. LOAD: 1 AH/DAY <nighttime> 

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

VOLTAGE LOSS: .5 V. THROUGH CABLE. 

·--------------ARRAY------------- ------------BATTERY-------------
TI LT ANGLE: 15.0 DEGREES DAYS OF AUTONOMY: 1to1 • 6 
MAX. PWR. CURRENT: 2.9 A. MINIMUM BATT. TEMP. @ 1?.4 C. 
MAXIMUM POWER: 47.0 W. TOTAL STORAGE: 20'.:.. t) ;1~·: 

AS INC M75 2.94 A. @ 16.0 V. 
1 ·:S> X 1 <P> = 1 TOTAL 

GNB ABSOLYTE 35A9 
6 <S> X 1 <P> = 

FLAT 
MONTH LANG 

JAN 481 
FEB 493 
MAR 441 
APR C'~..,. 

....J._ ... .;, 

l·lAY 441 
JUN 393 
JUL 379 
AUG 331 
SEF' 444 
OCT 461 
!'-IOV 446 
DEC 442 

SYSTEM DESIGN ANALYSIS 
<BASED ON 90 i. OF RATED OUTPUT> 

PAM EL -AVG. AH/DAY- END OF MONTH 
LANG OUTPUT LOAD CAPACITY 

547 15.8 1. 0 100.0 "! 
lo ..,._, 

15.5 1.0 100.0 ., ..., . .;;,o '· 
454 13.4 1. 0 100.0 :. 
C'r"")~ 
.,,J~-,,j 15.1 1. 0 1 ()(•. 1.) i. 

420 1-· c:- 1. 0 100. (i . 
.:.. . -' ;. 

371 11. 1 l. 0 100. (J /. 
361 10.8 1. 0 1 Cn:1. 0 ,. 
324 9.7 1. 0 100. () 1. 

449 13.5 1. 0 J. •.)0. (.1 .. 
490 14.6 1. 0 1 (1(1. '-' i. 

499 14.8 1. () l (.i(;. (; •; 
'• 

509 14.9 1. 0 l OC•. •.:1 " .. 

NOTE: ARRt~Y TO FACE TRUE SOUTH 

PERFORMANCE OF SYSTEM AT INSTALLATION SITE l.aJILL VAF:Y OEF'E1-.luEi·H 

c 101AL.. 

UPON llJEATHER CONDITIONS AND ADEQUACY OF INSTALU-iTiiJN r::.l-.ID l·ii'-\l··!fU·!r'.,!,ll;;;:. 
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!JESIGN PROVIDED BY: Solar Electric International 
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/BATTEF:'ii 

<SASY/B Ver 5.0 6/20/86) 

--- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
CUSTOMER: UNIDO SURVEY 
ADDRESS: ETHIOPIA 

DATE: 11th December 19S6 
OPER: J GOODMAN 

1'.\FPLICATION: 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----------
. 

'/OL TAGE LOSS: • 5 V. THROUGH CABLE. 

-------------ARRAY-------------
T IL T ANGLE: 15.0 DEGREES 
MAX. PWR. CURRENT: 2.9 A. 
MAXIMUM POwER: 42. 1 W. 

AS INC M65 2.90 A. @ 14.S V. 
i ( S > X 1 < P > = 1 TOT AL 

SYSTEM DESIGN 
<BASED ON 90 'i. OF 

FLAT PANEL -AVG. 
MONTH LANG LANG OUTPUT 

JAN 481 547 12.6 
FEB 493 536 12.3 
MAR 441 454 11. 1 
APR IC"..,.~ 

....J~-J 
C',...~ w..:. . ..;, 12.1 

MAY 441 420 10.8 
.Ji.JN 393 371 9.9 
JUL 379 361 9.7 
AUG 331 324 8.9 
SEP 444 449 11.7 
OCT 461 490 12.4 
NO'v' 446 499 12.3 
DEC 442 5()9 12.1 

------------BATTERY------------
DAYS OF AUTONOMY: 161.6 
MINIMUM BATT. TEMP. @ :9.4 C. 
TOTAL STORAGE: 202.0 AH 

GNB ABSOLYTE 35A9 
6 <S> X 1 CP) = 

ANALYSIS 
RATED OUTPUT> 

AH/DAY- END OF MONTH 
LOAD CAPACITY 

1.0 100. (l I. 
1.0 100.0 'i~ 

1. (> 100. I) 
.. 
1. 

1.0 100.0 I. 
1. !) 100.0 ,. 
1. () 1 oo. 0 .. 
1. (i 100.0 . ;. 

1.0 100. 1) " ,. 
1. (l 1 00. i) i~ 

1. (i 100.0 :~ 

1 • (i 100.0 i~ 

~. (> 1 (:o(I. (> 'l. 

2 "i, 202 AH 
6 TOTAL 

NOTE: ARRAY TO FACE TRUE SOUTH 

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL V~~y DEPENDENT 
UPON WEATHER CONDITIDl-~S AND ADEQUACY OF It'llSTALLATI01·. Al'~D !·lr:UtHEhinNLE. 



- 58 -

DESIGN PROVIDED BY: Solar Electric I~ternational 
STAND-ALONE SYSTEM DESIGN PROGRAM <PV/BATTERY) 

<SASY /B Ver 5. 0 · 6/20/86) 
--- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

CLJSTQMER: UNIDO SURVEY 
ADDRESS: ETHIOPIA 

APPLICATION: INDUSTRIAL D.C. 

DATE: 11th Dece~ber 1986 
OPER: J GOODMAN 

--- --- --- --- --- -- --- --- --- --- --- --- --- --- -·--- --- ---·· ---
INSOLATION DATA LOCATION: ASOSA (User Suppl ied.1 

LATITUDE: 10.04 DEG N LONGITUDE: 34.31 DEG E 
GROUND REFLECTANCE: .20 CJ> 

SYSTEM VOLTAGE: 12 V.D.C. 
AVG •. LOAD: 1 AH/DAY <nighttime> 

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

VOLTAGE LOSS: .5 V. THROUGH CABLE. 

-------------ARRAY-------------
TIL T ANGLE: 15.0 DEGREES 
MAX. PWR. CURRENT: 3.1 A. 
i'IAXIMUM POWER: 53. 1 W. 

AS INC M55 3.05 A. @ 17.4 V. 
1 <S> X 1 <P> = 1 TOTAL 

--'-

SYSTEM DESIGN 
<BASED ON 90 I. OF 

FLAT PANEL -AVG. 
MONTH LANG LANG OUTPUT 

JAN 481 547 • 17.1 
FEB 493 536 16.8 
MAR 441 454 14.2 
APR 533 523 16.3 
MAY 441 420 13. (I 
JUN 393 371 11. 4 
JUL 379 361 11. 1 
AUG 331 324 10.0 
SEP 444 449 14. (l 
OCT 461 490 15.4 
NOV 446 499 15.7 
DEC 442 509 15.9 

------------BATTEF:Y------------· 
DAYS OF AUTONOMY: i61.6 
MINIMUM BATT. TEMP. @ 19.4 C. 
TOTAL STORAGE: '..20:.2. •:, At-I 

GNB ABSOLYTE 35A9 
6 <S> ,.. 1 \P: = 

ANALYSIS 
RATED OUTPUT> 

AH/DAY- END OF MONTH 
LOAD CAPACITY 

1. 0 1 (l(i. (i % 
1.0 100.0 % 
1.0 100.0 /~ 

1.0 100.0 '%. 
1. (l 100.U i: 
1.0 1 00 • (l i: 
1. (l 10().(i '· 
1.0 100.0 

., 
lo 

1. 0 1 00. (i i: 
l . (! 1 (i(t. 1) '%. 
1.0 1 (ii). (i i~ 

1. (i 1 (>(.r. •,) I. 

2 \I, 2•.)2 HH 
~ TOTAL 

~,lOTE: ARRAY TO FACE TRUE SOUTH 

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VAR¥ DEPENDENT 
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION A1•JD t•IAliHEi•1r-11\J.:E.. 
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DESIGN PROVIDED BY: Solar Electric International 
STAND-ALONE SYSTEM DESIGN PROGRAM <PV/BATTER~J 

\SASY/B Ver 5.0 6i20/86) 

CUSTOMER: UNIDO SURVEY 
ADDRESS: ETHIOPIA 

DATE: 11th December 1986 
OPER: J GOODMAN 

APPLICATION: INDUSTRIAL D.C. 

INSOLATION DATA LOCATION: GAMBELA \User- SL1pp lied I 

LPTITUDE: 8.25 DEG 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----------

VOLTAGE LOSS: .5 V. THROUGH CABLE. 

-------------ARRAY-------------
1 IL TANGLE: 15.0 DEGREES 
MAX. PWR. CURRENT: 2.9 A. 
MAXIMUM POWER: 42.1 W. 

ns INC M65 2.90 ~- @ 14.5 v. 
l <S> Y. 1 <P> = 1 TOTAL 

------------BATTERY------------
DAYS OF AUTONOMY: 161 • 6 

MINIMUM BATT. TEMP. @ 26.1 C. 
TOTAL STORAGE: 202.0 AH 

GNB ABSOLYTE 35A9 
6 <S> X 1 (F') = 

2 ~i , 202 1~H 

6 TUI ~'<L. 

SYSTEM DESIGN ANALYSIS 
<BASED ON 90 i. OF RATED OUTPUT> 

FLAT PANEL -AVG. AH/DAY- END OF MONTH 
MONTH LANG LANG OUTPUT LOAD CAPACITY 

JAN 468 527 11. 1 1. 0 100.0 % 
FEB 474 511 10.9 1. 0 100.0 I. 
MAR 448 459 10.2 1. 0 100.0 i~ 

APR 486 475 10.6 1. 0 100.0 ., 
1. 

MAY 398 379 9.3 1. 0 1 (l(i. •.) ., 
I• 

JUN 380 358 9. (I 1. (l' 10•:1. C1 '%. 
JUL 370 ~C' ·1 ._,...., ... 9.0 1. 0 100.u i'. 
AUG 314 307 8.0 1. 0 l(J(.r. 1.) "! 

lo 

SEP 407 410 10.2 1. (I 100.u .,. 

OCT 439 464 10. 9 1. () 100.0 'l. 
NOV 440 468 11. 4 1. (I 1 (i(i. (i /.. 
DEC 455 519 11. 4 1. 0 l (1(1. '.) '. 

NOTE: ARRAY TO FACE TRUE SOuTH 

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT 
UF'ON WEATHER CONDITIONS AND ADEQUACY OF INSTALU.:.TION t:.l~iJ i·l(-1il'HEi"lf)!\JCE .• 
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DESIGN PROVIDED BY: Solar Electric International 
STAND-ALONE SYSTEM DESIGN PROGRAM tPV/B~TTERY. 

<SASY/B Ve!'" 5.0 6/20/86) 

CUSTOMER: UNIDO SURVEY 
ADDRESS: ETHIOPIA 

iiPPLICATION: INDUSTRIAL' D. C. 

INSOLATION DATA LOCATION: GAMBELA 

DATE: 11th December 198~ 

OPER: J GOODMAN 

<User- Suppl:.edl 

LATITUDE: 8.25 DEG 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----------

·.!OL TAGE LOSS: • 5 V. THROUGH CABLE. 

-------------ARRAY-------------
TI LT ANGLE: 15.0 DEGREES 
MAX. PWR. CURRENT: 2. 9 A. 
MAXIMUM POWER: 47.0 W. 

~S INC M75 2.94 A. @ 16.0 V. 
1 <S> . X 1 <P> = 1 TOTAL 

SYSTEM DESIGN 
<BASED ON 90 % OF 

FLAT PANEL -AVG. 
MONTH LANG LANG OUTPUT 

JAN 468 527 14.8 
FEB 474 511 14.4 
MAR 448 459 13.2 
APR 486 475 13.6 
MAY 398 379 11. 1 
JUN 380 358 10.5 
JUL 370 351 10.4 
AUG 314 307 9.1 
SEP 407 410 12.1 
OCT 439 464 13.6 
NOV 440 488 14.2 
DEC 455 519 14.8 

------------BATTERY------------
DAYS OF AUTONOMY: 161. 6 

MINIMUM BATT. TEMP. @ 26. 1 C. 
TOTAL STORAGE: 202.0 AH 

GNB ABSOLYTE 35A9 
6 <S> X 1 <P> = 

ANALYSIS 
RATED ou1·PuT> 

AH/DAY- END OF MONTH 
LOAD CAPACITY 

1.0 100. (l I. 
1.0 100.0 '% 
1.0 100. i) I. 
1.0 100.0 % 
1.0 11.)(;. 1.) /. 

1.0 1 (1~). t) I. 
1.0 1 (J 1.). 1.) 1. 

1.0 1 (~(;. () ., 
lo 

1. 0 100.0 i~ 

1. () l(h). 0 "I. 
1. (I 1 (il). 0 I. 
1.0 100.0 I. 

2 \)I 202 AH 
6 lOTAL 

NOTE: ARRAY TO FACE TRUE SOUTH 

PERFORM~NCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPE1~DENr 

UPON 1.-oJEATHER CONDIT I m~s AND ADEQUACY OF INST ALL..>-1 TI ON f.'11•W i'lid i·~ I t:.hi'il\!( __ ::_ . 
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DESIGN PROVIDED BY: Solar Electric International 
STAND-ALONE svsTEM DESIGN PROGRAM <PV/BATTEF:Y> 

CSASY/B Ver 5.0 6/20/86> 

CUSTOMER: UNIDO SURVEY 
ADDRESS: ETHIOPIA 

DATE: 11th December 19E6 
OPER: J GOODMAN 

APPLICATION: INDUSTRIAL D.C. 

INSOLATION DATA LOCATION: GAMBELA <User Supp:.ied) 

u;TITUDE: 8.25 DEG N LONGITUDE: 34.58 DEG E 
GROUND REFLECTANCE: .20 CJ> 

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

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

·.<JLTAGE LOSS: .5 V. THROUGH CABLE. 

-------------ARRAY-------------
' :.. :_ T ANGLE: 15. 0 DEGREES 
!':t'.-\X. PWR. CURRENT: 3. 1 A. 
!·H;X !MUM POWER: 53. 1 W. 

AS INC M55 3.05 A. @ 17.4 V. 
1 <S> X 1 . <P> = 1 TOTAL 

------------BATTERY------------
DAYS OF AUTONOMY: lcl.o 
MINIMUM BATT. TEMP. @ 2~.1 C. 
TOTAL STORAGE: 202.0 AH 

GNB ABSOLYTE 35A9 
6 CS> X 1 <P> = 

2 '·./ , :20 '2 Ar·~ 

SYSTEM DESIGN ANALYSIS 
<BASED ON 90 I. OF RATED OUTPUT> 

FLAT PANEL -AVG. AH/DAY- END OF MONTH 
MONTH LANG LANG OUTPUT LOAD CAPACITY 

JAN 468 527 16.4 1. 0 1 (i(i. 0 ' 
FEB 474 511 15.9 1: 0 11)0. 0 I. 
MAR 448 459 14.3 1.0 1 (h). (! i'. 
APF: 486 475 14.8 1.0 100.0 i'. 
MAY 398 379 11. 7 1. (> 1 (i(l • (1 

., ,, 
JUN 380 358 11. 0 1. (l l(io.). 0 I. 
JUL 370 351 1(). 8 1. () 100.(i 'I ,, 
AUG 314 307 9.4 1. 0 100. 0 I. 
SEP 407 410 12.8 1.0 l (i(l. 0 ., 

lo 

OCT 439 464 14.:::; 1.0 100.0 ., 
:. 

NOV 440 488 15.3 1.0 1 (i(i • .. :; '" 

DEC 455 519 16.2 1. () 100.0 i'. 

NOTE: ARRAY TO FACE TRUE SOUTH 

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT 
UF'ON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATIDi•J r:•t•H• r--t:...::.;H>1;,,,,,_~_ 
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DESIGN PROVIDED BY: Solar Electric International 
STAND-ALONE SYSTEM DESIGN PROGRAM CPViBATTERY> 

<SASY/B Ver 5.0 6/20/86) 
-····- --- --- --- --- --- --- --- --- --- --- --- --- --- --·-

CUSTOMER: UNIDO SURVEY 
ADDRESS: ETHIOPIA 

DATE: 11th Decemoer 1986 
OPER: J GOODMAN 

APPLICATION: INDUSTRIAL D.C. 
--- --- --- --- --- --- --- --- --- --- --- --- ---

INSOLATION DATA LOCATION: METEMA <User Supplied) 

LATITUDE:· 12.95 DEG 1\1 LONGITUDE: 36.07 DEG E 
GROUND REFLECTANCE: .20 CJ) 

SYSTEM VOLTAGE: 12 V.D.C. 
AVG. LOAD: 1 AH/DAY <nighttime> 

·---- -~- --- --- --- --- --- --- --- --- --- --- --- --- ---
----------SELECTED SYSTEM DATA----------

VOLTAGE LOSS: .5 V. THROUGH CABLE. 

-------------ARRAY-------·------ ---------~---BATTEF:Y------------
T IL T ANGLE: 15.0 DEGREES 
MAX. PWR. CURRENT: 3.1 A. 
i"IAX IMUM POWER: 53. 1 W. 

AS INC M55 3.05 A. @ 17.~ V. 
l < S > X 1 < P > = .1 TOT AL 

DAYS OF AUTONOMY: 161.6 
MINIMUM BATT. TEMP @ 25.95 C. 
TOTAL STORAGE: 202.0 AH 

GNB ABSOLYTE 35A9 
6 CSi X 1 \F') -

2 \/ , 2(>2 A~ 1 
t:.· :o·:·i~;L 

SYSTEM DESIGN ANALYSIS 
<BASED ON 90 % OF RATED OUTPUT> 

FLAT PANEL -AVG. AH/DAY- END OF MONTH 
MONTH LANG LANG OUTPUT LOAD CAPACITY 

JAN 457 527 16.4 1. 0 100. 0 i:. 
FEB 514 ~·' .JOO 17.5 1. () 100. 0 i. 
MAR 535 557 17.2 1.0 lO(i. 0 :'. 
APR 554 548 16.9 1. 0 10i). (i i: 
MAY 516 4C7'3 15.2 1. 0 1 •.)(i. •) '. 
JUN 494 465 14.4 1. 0 1 (1 i.:.1 • (; 1. 

JUL 477 4=' 14. 1 1 . (; 100. t) ... 
..J . .:J '" 

AUG 414 406 12.6 1. 0 1 (i(i. (l I. 
SEP 479 489 15.3 1. (; l•X1. 0 :'~ 
OCT 511 551 17.2 1. (! l (l(i. () '%. 
NOV 497 IC" ' ' 17.5 1. (l lt)(J. (i ...ioo lo 

DEC 465 545 16.9 1. 0 1 (i(). 0 •: 
'" 

NOTE: ARRAY TO FACE TRUE SOUTH 

PERFORMANCE OF SYSTEM AT INSTALLATION SITE ~JILL VAF:Y DEPEl-JDE:H 
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAI~IErJANLE. 
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DESIGN PROVIDED BY: Solar Electric International 
STAND-ALONE SYSTEM DESIGN PROGRAM <PV/BATTERij 

<SASY/B Ver 5.0 6/20/86) 

CUSTOMER: UNIDD SURVEY 
ADDRESS: ETHIOPIA 

APPLICATION: INDUSTRIAL D. C. 

INSOLATION DATA LOCATION: METEMA 

DATE: 11th December 1°86 
OPER: J GOODMAN 

<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> 

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

l.JOL T AGE LOSS: • 5 V. THROUGH CABLE. 

-------------ARRAY-------------
TI LT ANGLE: 15.0 DEGREES 
MAX. PWR. CURRENT: 2.9 A. 
MAXIMUM POWER: 42.1 W. 

~S INC M65 2.90 A. @ 14.5 V. 
1 (5/ X 1 CF') = 1 TOTAL 

SYSTEM DESIGN 
<BASED ON 90 I. OF 

FLAT PANEL -AVG. 
MONTH LANG LANG OUTPUT 

JAN 457 527 11. 4 
FEB 514 566 11. 3 
MAR 535 557 11. 2 
APF: 554 548 11. () 
MAY 516 493 10. 5 
JUN 494 465 10. 6 
JUL 477 453 11. (l 
AUG 414 406 10.2 
SEP 479 489 11. 6 
OCT 511 551 12.0 
NOV 497 C' • ' ...ice 11. 8 
DEC 4-65 545 11. 4 

------------BATTERY------------
DAYS OF AUTONOMY: 161.6 
MINIMUM BATT. TEMP. @ 25.95 C. 
TOTAL STORAGE: 202. 0 {-1., 

GNB ABSOLYTE 35A9 
6 <S> X 1 <P;• 

ANALYSIS 
RATED OUTPUT> 

AH/DAY- END OF MONTH 
LOAD CAPACITY 

1. (l 100.0 i: 
1. 0 100.0 ., 

lo 

.1. 0 100.0 J. 

1. () 100.0 ~<. 

1. (I 1 (10. t) '" 
1. 0 l (H). (; 1. 

1. 0 1 (!(). •.:.1 1. 

1.0 100. () '%. 
LO l (iO. 0 I. 
1. 0 1.(1(>. 0 :'. 
1. 0 1 (•1). 0 ,. 

l. 0 1(ii).1) .. 

NOTE: ARRAY TO FACE TRUE SOUTH 

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT 
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLf:fflOt'l AND J·iAINTEi"·lt-'thlCE. 
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DESIGN PROVIDED BY: Solar Electric International 
STAND-ALONE SYSTEM DESIGN PROGRAM <PV/BATTERY: 

<SASY/B Ver 5.0 6/20/86) 

CUSTOMER: UNIDO SURVEY 
ADDRESS: cTHIOPIA 

APPLICATION: INDUSTRIAL D.C. 

--- --- --- --- --~ 

DATE: 11th December 1~86 

OPER: J· GOODMAN 

INSOLATION DATA LOCATION: METEMA <U=er 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> 

--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -·-- ---

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

VOLTAGE LOSS: .5 V. THROUGH CABLE. 

-------------ARRAY-------------
T IL T ANGLE: 15. 0 DEGREES 
MAX. PWR. CURRENT: 2.9 A. 
i•iAXIMUM POWER: 47.0 w. 

ns INC M75 2.94 A. @ 16.0 v. 
i <S> X 1 <P> = 1 TOTAL 

SYSTEM .)ESIGN 
<BASED ON 90 i'. OF 

FLAT PANEL -AVG. 
MONTH LANG LANG OUTPUT 

JAN 457 527 14.9 
FEB 514 566 15.4 
MAR 535 557 1~.2 

APR 554 548 j,5.0 
MAY 516 493 13.9 
JUN 494 465 13.4 
JUL 477 453 13.3 
AUG 414 406 12.0 
SEP 479 489 14.3 
OCT 511 551 15.6 
NOV 497 566 15.7 
DEC 465 545 15.2 

------------BATTERY------------
DAYS OF AUTONOMY: 161.6 
M-INIMUM BATT. TEMP. @ 25.95 C. 
TOTAL STORAGE: 202.0 AH 

GNB ABSOLYTE 35A9 
6 ( s) x 1 ( r-·} -

ANALYSIS 
RATED OUTPUT I 

AH/DAY- END OF MONTH 
LOAD CAPACITY 

1. (l 100.0 '/. 
1.0 1 (i(j. i) '%. 
1.0 100. (i I. 
1. 0 100.(i I. 
LO 1 (ii). (i i: 
1. 0 ·. 10(i. 0 I. 
1. 0 100. i) "·' 1. 

1. 0 1 oo. (l '%. 
1. (i 100.0 "/ 

lo 

1. 0 10•). 0 I. 
1. (i 101). 0 1. 

1. 0 100.0 I. 

6 TOTAL 

NOTE: ARRAY TD FACE TRUE SOUTH 

PEF:FORMANCE OF SYSTEM AT INSTALLATION SITE WILL W~RY DEF'El'lDEi-11 
UPON WEATHER CONDITIONS AND ADEQUACY OF INST ALL(-IT I 01\1 ?il'~D MA I iHEi .. ~~E.. 
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If 3 number 13 W flourescent lights is considered the optimum 

to light tt~ individual rooms and that these will 

be switched on for 3 hours a night, the daily load i~· 

13 

12 
X 3 X 3 = 9.75 AH. 

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

In this ca~~, ~n M65 would be a suitable module for 
Metema, an ~75 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 Z! hours 
p~r 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(Z times the 
output of a module). All modules should come with 

a warranty of 10 ye~rs on the power output and 
this is specified. 

C.S. 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. 
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Warranty claims are difficult and time consuming 

to negotiate for any battery that requires 

maintenance. 

C.6. CHARGE CONTROLLER 

Although ABSOLYTE type batteries can take a 

high rate of charge they cannot accept charging at 
high voltage level so for the MSS 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. 

C.7. LIGHTS 

12 V fluorescent lights come in ~w, 13W, ZOW 

and 40W options. Sufficient spare tubes (one for 

eacri fixture) should be specified at outset. 

C.8. BALANCE OF SYSTEM 

All wiring and switches required for these 

systems can be obtained from the Ethiopian Dnmest1c 

Distribution Corporation. 

The G.I. pipe is locally available and the 

mounting bracket can be fabricated locallv. G.I. 
pipe is specified rather than treate<l eucalyntus 
uue lo tj1e r.i:;k uf termite attack. 

Costs, both local and foreign component 

are annexed. 
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C.9. WIRING DESIGN 

C.10. 

1. 

2. 

3. 

4. 

5. 

6. 

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 - 1 x...!llength_of l~op in metres) 
-.st c. s. a. (in mm ) 

(resistivit~ of Copper) 

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

e.g. module current 2.94 amps 

R v 0.5 hence length of looE =--I- =z-:g4 c.s.a. = 57 x ( 0. 5) 
2.94 

Choose the next size up. 

INSTALLATION COSTS FOR A ONE MODULE/ONE BATTERY 
LIGHTING SYSTEM 

Local 

in 

comE<ment 

6m length 4 "~ G. I. pipe 134.27 

8 module bracket 45.00 

Array wiring (2mm 2c.s.a.) 11. 23 

Light wiring (1. Smm2 c.s.a.) 40.iO 

Battery box 20.00 

Switches, battery terminal 20.00 
connectors wiring chips 

c/f 

mtr. -

Birr. 

If 

If 

If 

" 
If 



7. 

Note: 
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Installation - 2 days max 

for 1 electrician and 

1 assistant 

Foreign Component 

1 No M75 module 

1 No ABSOLYTE 5000 Battery-

100 A/H @ 100 HR rate. 

1 No charge controller 

(low voltage cutout) 

SCI 1 - 12. 

3 No 13 watt slimlyte 

Freight costs (as part of 

quantity shipment) 

c.i.f. 

Total: 
====== 

80.00 

351.20 Birr. 
Or, $ 169.60 

$ 285 

$ 147 

$ 150 

$ 46.05 

$ 75.00 

USS 683.05 s 169.56 

s 852.71 
======:;= 

These prices are based on quantity reductions 

from manufacturers and with suppliers margi~s 
buiit in. This provides a more r~alistic cost 

estimate than "off the shelf" costs. 



COUNTRY : ETHIOPIA • STATION :AS09A • NUt1BER :63343 

• LATITUDE: 10.04 • LDNOITUDI! : 34.31 • ELEVATION : 17:90 MT. 

JAN FE8 "AR APR "AY JUN JUI. AUO SEP DCY NOY DIEC YEAR 

PREC IP ITitiTION 0 0 31 32 118 1119 207 208 207 103 21 0 1116 
TE"P. AVERotiOE 22.2 23.6 24. 4 24. 4 22.4 20. 4 19. :t 

'"· 4 
20.2 20.4 20.9 H.O 21.1 

TEHP t1EAN 11AX 2'9 9 31.' :u. 8 31. s 28.0 as.2 23.'t 23 .• 2S.,6 H.8 27.4 2•.:1 17.8 
TEtU> MEAN "IN 14. :t u. 7 17.0 17 2 16.7 n. :t IS. 1 14 . ., 14.B 14.9 14.4 ..... l:t. 4 
TEt1P HEAN DAY 25.0 26.S 27. l 26.'9 24. 4 22. l 21. 1 iZI. 0 22. a 22.3 23.2 24. It 23.8 
TEt1P t1N NIOHT 19.6 20.9 21. 9 ;u . ., 20.3 18.6 17.9 17.7 18. I 18.2 18.3 19. 0 19.4 
VAPOUff PRESS. 12.8 13. 7 14. 7 IS. 3 20.0 19.6 18.8 ta.• 18. s 17.S 16.3 ..... 16.7 
WIND SPEED 2t1 I. 7 I. 7 I. 4 I. 7 I. 7 I. 4 l.4 I. 4 I. 4 I. 4 I. 4 I. 7 I. I 
SUNSHINE x Bl 73 so 71 48 37 33 19 so 61 61 73 H 
TOT RADIATION 4E11 493 441 533 441 3•3 37" 331 444 461 446 442 440 
EVAPOTR,.NSP. 131 133 144 ISS liU •a 97 91 106 110 104 ... 1408 

TYPE OF OROWINO SEASON : NORHAL OROWINQ SEASON CWITH ORV PERIOD, 
DRV DAYS : 181 INTERH. DAYS : 34 WET DAVS : ISO 

SEASON NA : I 
SEA~ON IEOJNS ON 30 APR. 

IEOIN HUt'llD ON 16 ""v 
HUt11D PERIOD CISI DAVS) ENDS ON 13 OCT. 

END Of" BEASON ON 31 OCT. 
TOTAL LENOTH OF SEASON 19 IBS DAV& 

COUNTRY : ETHIOPIA • STATION :FILIKLIK • NUHIER :63344 

• LATITUDE: 10.03 • LONOITUDE : 31. 13 • ELEVATION : 1800 HIT. 

JAN FEB HAR APR t1AV JUN JUL AUO SEP OCT NOY Dl!C VllAR 
j:j 

PRECIPITATION ·o 7 3S 34 IOI 130 2eo 243 110 17 17 I 919 
TEt1P. AYER ACE 20. 7 21 .• 22.8 22.9 OP2.3 20.6 11.6 17.2 17.9 19.2 19. 7 19.7 20.2 
TEHP HEAN HAlC 28.4 29.9 30.S 30. 6 a•. 8 27. 4 23.2 22.6 24.6 26.3 27.2 27.4 27. 3 
TEHP l"IEAN HIN 13.0 13.8 IS.0 15. I 14. 7 13. '1 12.0 II. 8 II. a 12. I 12. I .... 13.0 
TEHP HEAN DAV 23. s 24.0 29 .• il5. 7 ~'· 0 23.0 19.6 19. I 20.3 21. 7 22.3 aa. 4 22. 7 
TEt1P t1N NJGHl 18 I 19. I 20. 1 20. I 19.6 18. I "' U.1 U.3 16.4 16.7 16.6 17.6 
VAPOUR PAES9. 12.2 12.9 1'1 6 IS.6 14. 0 t 19. 8 n.s n. ' 14.8 12.0 11.7 u. a 13. 7 
WlND SPEED ilt1 1. 7 I. 8 1.8 I A l. 7 I. 4 I. iZ I. 3 I. 6 2.2 a.a a.• I. 1 
SUNSHINE x 69 69 :t:t :t:t 64 47 ;!lt ;!6 40 64 •• 78 96 
TOT RADIATION 443 476 460 472 SOI 430 349 3'7 406 472 SOI 451 444 
EVAPOTAANSP. 124 131 191 145 ISO .. , 92 92 103 135 130 119 1487 

TYPE OF QROWINO SEASON : NOR"AL OROWINQ SEASON CWITH DAV PERIOD, 
DRY DAYS : 215 INTER". DAVB : 54 WET DAYS : 96 

SEASON NA : I 
SEitiSON BEQINS ON 2 ~AV 

BEOIN HUMID ON 12 JUNE 
HUHID PERIOD ( 97 DAVS> ENDS ON 16 SEP. 

END OF SEASON ON 29 SEP. 
TOTAL LENGTH OF SEASON IS 151 DAV& 



COUNTRY ETHIOPIA • STATION ;QAMBELA • NU"BER :63377 

• LATITUDE: 8. 15 • LONOITUD£ : 34.35 • ELEVATION : 480 f'ET. 

JAN FEB .tAR APR '1AY JUN JUL AUO 8Efl OCT HIN DEC YEM 

PRECIPITATION 8 ta 31 68 t63 t6~ 2S6 271 177 113 DO 13 1327 
TEPP. AVERAGE 28.0 2'9.2 30. , 29.7 27.4 26.6 26.8 26.3 26.7 27.0 26. I 27.a 27.6 
TE"'° t1EAN HAI< 37.8 38.4 38.9 37.3 34.S 32.5 31. 7 31. 6 32.'9 33.9 32.9 3S.6 34.• 
TEl1P t1EAN "IN 18.2 :zo.o a:z.o 22. I 20.2 ~.7 21 .• 20.• 20.S 20. I 19.:. 18.8 20.4 
TE11P ttEAN DAY 3t. 6 32.S 33. 5 32.4 2'9.9 28.7 28.6 ae.a 28.9 29.9 •••• 30.11 30.a 
TE11P l1N NIOHT :Z4.6 26.0 27. s 27.0 24.8 24.S 25.0 24.2 24.3 24.3 23.S 23.9 211.0 
YAPO\M PRESS. 17.4 17.8 1'9. a at. 3 22.6 24.4 as. 7 25.7 24.9 23.9 20.3 19.8 21. 9 
WIND SPEED 2" 1.3 I. S I. 3 I. 3 I. S I. 3 I. 3 I. S I. !J I. 9 a. a I. 3 •. 4 
SUNSHlfE x 73 6S !Jl 59 38 3!J 32 15 40 03 62 73 49 
TOT RADIATION 468 474 448 486 3'98 380 370 314 407 439 440 4!JS 423 
EYAPOTRANSP. 1~6 160 179 169 146 119 121 Ill 128 141 132 1411 1707 

TYPE OF OROWINQ SEASON : NORMAL QROWINO BEASON CWITH DRV POIOD> 
DRY DAYS : 168 INTER". DAYS : 49 WET DAYS : 148 

SEASON NR : 1 
SEASON IEQINS ON 22 APR. 

BEGIN HUl11D DN 8 ""y 
HUHID PERIOD Cl49 DAYS> ENDS ON 3 OCT. 

END OF BEASON ON :t NOV. 
TOTAL LENGTH OF SEASON 18 198 DAYS 

I 

~ COUNTRY : ETHIOPIA • STATION : POKO • NUttlER :63378 I\) 

• LATITUDE: 8. IS • LONGITUDE : 34.25 • llLEVATIDN ; 960 f'ET. 

JAN FEB MR APR "-'Y JUN JUL AUO BEP OCT HIN DEC YEAR 

PRECIPJTATtON 6 II 23 50 Sil 134' 197 177 170 106 47 II 1042 
TEPP. AYERAOE 27. s 29.3 30.6 30.0 28.0 26.5 as. 5 as. 4 25.9 27.0 26.7 87.0 .,7,, 
TEHP f£AN MAX 3h. s 38.0 38. s 37.4 3S.O 32.6 3t. a 3t., 32. l 33.8 34.0 3&.7 '· 7 TEf'P t1EAN "IN tE.4 20. :s 22.6 22.6 2t. 0 20.4 t9.8 t'9.3 19.6 20.2 19.4 t8.3 ~0.2 
TEMP t1EAN DAV ~o. 1 32. 4 33. 4 32.7 30. , 28.7 27.5 27.6 28. l 29.4 29.3 30.' 30.0 
TBW" t1N NIGHT 24.3 26.3 27.8 27.4 25.S 24.3 23.4 23. t 23.S 24.4 23.• 23.6 24.8 
VAPOUR PRESS. 16.'9 17.9 1'9.3 at. 6 23.4 24.2 23.8 24.3 23.7 23.9 2t. 0 , •. 6 at.• 
WIND SPEED 2H t. 3 l., t. 3 .l. 3 t. s l. 3 t. 3 t.S 1.5 l. s l., t. 3 1. 4 
SUNSHINE x 73 64 St 60 37 35 33 IS 39 53 62 73 49 
TOT RADIATION 468 470 448 490 3''5 380 374 314 404 439 440 455 4:Z3 
EVAPOTRANBP. l :13 160 17S t67 14S 12t 117 lll t2S 141 137 143 1695 

TYPE OF QROWINO SEASON : NOR'1AL QROWINQ SEASON (WITH DRY PE~IOD) 
DRY DAYS : 179 INT£Rt1. DAYS : 67 WET DAYS : 11'9 

SEASON NA : l 
SEASON IEQJNS ON 30 APR 

BEOIN HUl'IID ON S JUNE 
HVHID PERIOD fl20 DAYS> ENDS ON 2 OCT. 

END OF SEASON ON 2 NOV. 
TOTAL LENOTH OF SEASON IS 187 DAYS 



COUNT RV ETHIOPIA • STATION : DAIAT • NU"BER :63329 

• LATITUDE: 13.00 • LONGITUDE : 37.46 • ELEVATION : 2685 MT. 

JAN FEI HAR APR MY JUN JUL lo.JO SEP OCT NOY DEC YEAR 

PRECIPITATION B I 6 14 141 199 3:u 304 163 61 21 s 12,4 TEHP. AVE RACE 12. 4 12.8 13.7 15.0 14. 6 14.2 13.0 12.3 12.8 12.7 10.9 II. 8 13.0 TEHP HEAN t1AX 20 ' 20.8 22.0 23. I 21. 7 20.4 17.8 16.6 18.2 19.S 17.4 19.9 19.8 TEHP HEAN HIN 4. 3 4.7 S.3 6.8 7.4 7.9 a. 1 8.0 7.3 s.a 4.4 3.7 6. 1 TEHP HEAN DAY IS.3 1'.7 16. 7 17.9 17. I 16.4 14. 7 13.8 14.7 15. I 13.2 14.6 15.4 TEHP HN NIGHT 9. 7 10. I 10.8 12. 1 12.0 It. 9 II. 1 10.6 10.6 9.9 8.3 a. s 10. ' VAPOUR PRE99. 6. s 6.4 6.6 7 ' a.a It. 0 II. 8 It. 3 10.6 9.0 6.9 6.6 8.6 WIND SPEED 2H I. 9 1. 9 1. 7 I. S I. 9 l. 9 I. :Z I. 0 I. 2 I. 6 l. 6 I. 4 I. 6 SUNSHINE x 94 90 ea 76 62 58 14 12 ,. 86 92 •2 68 TOT RADIATION :mo :13:1 S7S SS4 so:z 482 :us 308 474 537 :506 477 480 EVAPOTRANSP. 94 89 125 126 124 104 80 78 90 98 77 72 1147 

TYPE OF CROWINO SEASON : NORHAL CROWING SEASON CWITH ORV PERIOOt 
DAV DAVS : 191 INTERH. DAYS : 29 WET DAYS : 14:1 

SEASON NR : l 
SEASON BEOINS ON 29 APR. 

BEGIN HUHID DN 10 HAY 
HUHID PERIOD (146 DAYS, ENOS OH 2 OCT. 

END OF SEASON ON :20 OCT. 
TOTAL LENOTH OF SEASON JS 175 DAYS 

I 

-..:i 
w 

COUNTRY : E"fHIDPIA • STATION :HETEHA • NUf18ER :63314 

• LATITUDE: 12. ,7 • LCINCITUDE : 36.04 • ELEVATION : 803 HET. 

JAN FEB HAR APR HAY JUN JUL AUG SEP OCT NOY DEC YEAR 

PRECIPITATION I 0 0 I 67 160 209 :Zit 187 4:1 4 0 BBS 
TEHP. AVERAOE 26. 9 29.7 30.2 28.'f 28. 7 27.8 26. I 26.0 26. I 27.3 27.9 27., 27.8 
TEHP HEAN HAlC 3:1 I 39. I 40.0 40.3 39.0 3,. 7 31 . ., 31. a 31. a 34. ' 35.9 36. I+ 35. 9 
TEHP HEAN HIN 18. 7 20.2 20.3 17.' 18.4 19.9 20.3 20. l 20.3 :iZO. I 19. 9 18.B 1'9. , 
TEr1P HEAN DAV 29 9 33. I 33. 7 33.0 32. 4 30.6 .,fl. 2 29.0 28. I 29.8 30.7 30. ' 30. 7 
TEHP HN NIOHT 24 2 26. ' 26.9 25.0 2:1.0 24.9 23.9 23.7 23.8 24.4 24.7 23.9 24. 7 
VAPOUR PRESS. 12. n 12 . ., 11. 2 8. 4 20.9 25. 4 26. 7 26.6 18.6 12.3 12.0 12.8 16. 7 
WIND SPEED 211 l 9 l . ., 1. 7 I. ' I. 'f 1 . ., 1. 2 1. 0 I. 2 1. 6 l. 6 l. 4 I. 6 
SUNSHINE 'l( 79 93 77 76 66 ,., ,7 40 60 78 ea 87 70 
TOT RADIATION 457 514 53, ,,4 516 494 477 414 479 , .. 497 46, 49 I 
EVAPOTRANSP. 16:> 175 201 187 192 160 134 121 137 165 153 14, 193' 

TYPE OF GROWINC SEASON HORHAL CRCIMINC SEASON CWITH DRY PERIODI 
ORV l'AYS 232 INTERl1 DAYS : 27 WET DAYS : 106 

SE'ASON NR I 
SEASON BEGINS ON 25 HAY 

BECIN HUHIO ON 14 JUNE 
HUHJ D PER JOD c 107 DAYS, ENDS OM 28 SEP. 

nm Cir' SfASON ON ~ OCT 
TOTAl lENr.lt~ OF 5£:1\:00N IS 134 DAYS 
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ANNEX I 

DRAFT TERMS OF REFERENCE AND SPECIFICATIONS 

Project Title: 

Project Number: 

I.l. OBJECTIVES OF THE PROJECT 

a) To provide and install solar powered water 

pumps in the remote regions of Ethiopja. 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. 

b) 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. 

c) To introduce 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 
B11ilding and Mainte!l:?!lce '''"~ .. ""'.c •\..""" ~ ... .:-~~·-·· v.a ...... - ..., ... """""""' ··•.A..l..t.~.J '""4 J 

of Education. 
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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 sponso~ing 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 ~aintenance Unit of the 
>linistry of Education for school lighting. 
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I.3. SPECIFICATIONS 

I.3.1. WATER PUMPING 

Terms of tender. 

a) The contractor shal~ provide 47 number pv. 

powered water pumping systems for the sit~s 
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 

1) Harerge 

Hassene 

Hadew 

El Amhar 

Warder, Well 

Shinile RRC 

Shinile 

Gad 

Mile 

Harewa 

2) Gamu-Gofa 

Gebele Bono 
No. 1 

Gardula No 2 
Wachyg~ 
Bush a 

--m 

80 

46 

so 
24 

34 

32 

58 

30 

61 

SS 

SS 

60 

Average 
out~ut 

m 

12.0 

26.3 

24.7 

58.S 

40.6 

43.3 

21. 2 

45.9 

20 

22.6 

22.6 
19.6 

Nearest Radiation Station 

and FAO index No. 

HARER 63470 

JIJIGA 63473 

" " 

KEBRI DEHAR 63492 

DIRE DAWA 63471 

" II 

GIDOLE 63528 

II " 
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Site s·-stem Average Nearest Radiation 
head outaut Station & FAO -- InClex No. m m3 / ay 

3) Sidamo 

El leh 28.0 48.1 MEGA 63545 

El Gof a 50.0 24.5 II 

Melbana 1 5n.o 24.5 " 

Melbana 2 80.0 11. 8 " 

Chilango 81. 0 10.8 " 

Bokol Bona 3 80.0 11. 8 " 

Dolo Mekala 1 111. s 8.7 " 

Tuka No. 1 27. 0 49.5 " 

4) Illubabor 

Finkao s 50 21. 6 GAMBEL~ 6337 7 

6 
7 

Ubala 1 

") 
'-

.) SO.Om 17. 6 ABO BO 63455 

4 

s 

6 86.0m 9.8 A BOBO 63445 

S) Gojam 

Guba 90m 11. 0 METEMA 63314 
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Site srstem Average Nearest Radiation 
head OUtEUt Sta~ion ana FAO 

m. Index No. 

6) Gonder 

Metema village 1 80m 11.9 METEMA 63314 

2 50m 25.2 II 

3 52m 24.3 II 

4, 70m 12.2 II 

Kobit. 

4' 70m 12.2 II 

Ko bit 

Kumer 17m 20 II 

Johannes Keterna 4lrn 29.0 " 

Shehdi Irrigation 22rn 57.8 II 

Kumer Irrigation l 7rn 81. 2 " 

Humera ! provide average outputs, HUME RA 63030 

Hum era cost for same range of 
pumps as at Meterna in 
40,50,60,70 metre range 

7) Wollo 

8) 

Provide average outputs AL.\.\1.-H . .:. 

& costs in range of 

pumps offered in 40,50, 

60 & 70m range for the 

two tadiation stations 

33 3.2 

h'ELDIYA 

OGOLCHA 

\; - ""' - -

41J 

Note: 1. The f.o ·d c .. should b~ for 40 units 
ris srie. 
Wcllo 

.. 
\ . ) 

.. 
ltS 

:;hou.id be 
C'0S t f IJ!' Ht.t!!l e~ ~ (.., ".' ... \ ... - -1 

\. .. ·'V ') 0.J..LU 

annexed. 

2. The lGt spares components cost (3.1.b). (vii) fo 
each province s'1ould be specified as a separate ite..~i,. 



I.3.1. b) (i) 

- So -

The pump/motor tY!)e should be an a.c. 
powered submersible pump, with pump and 

motor directly couple.d, 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). 

(ii) The inverter should have a proven field 

experience, high efficiency and be 

standard to all systems offered. 

(iii) Detailed drawings of array and stand to 

be provided together with detailed speci­

fications of the modules. 

(iv) The contractor is expected to show 
simulations (computer o~ otherwise) of 

average daily water output under the 

head, radiation and temperature 

parameters provi~~d. 

(v) Warranties and guarantees on the system 
and individual components thereof (if 

different) should be clearly stated. 

(iv) The contractor shall make available to 
the Ethiopian National Energy Committee 

computer programmes enabling EN~C tv run 
their own system siz~ngs as part of the 

ongoing project. 
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(vii) 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 suitable spares list 
(to manufacturers recommendations) of 

not less than 10% of the f .o.b. value on 

the units to ~eld at each regional H.Q. 
should be pt ed with costs. 

~viii) ·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. 

(ix) The contractor will provide detailed 

drawings for any civil works required 

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

(x) To enable E~EC tc assist in installation, 

monitoring and maintenance the contractor 
sh~ll include as part of the tender a 
lump sum for the provision of a Toyota 
4WD Land Cruiser Stationwagon. 



r ; I 

COUNTRY : ETHIOPIA • 6TA110N :ADI UCRI • NUt18ER :63029 

• LATITUDE: t4. S3 • LONOITUDE : 38.4• • ELEVATION : aoaa 

.MU FEI MR APR MAY JUN JUL MJ9 SEP OCT NOY DEC 

f'RECIPllATIOH 0 4 10 28 4iZ 49 190 177 46 • 17 3 

TEMP. AVERAGE Ua.3 17.3 ao.1 n.2 19.4 19. l n.:t U.4 17. l 16.4' 16. 3 ll. 6 

TEt1P 11EAH t1All a9.0 29.6 31. a 31. 8 31. :t 30. s a:t.a 24.a aa.a a•.• aa.a 27.6 

TEt1f' '1EAN t'llN 3. :t 4.9 10. l 6.6 1.a 7.6 :t. 7 6.6 6.0 3.4' •. a 3. 6 

TE11P 11EAH DAV ao.9 at. e 24.:t 23.8 23.7 a3.a , ... 18.S a1. o aa.a ao.• 19 .• 

n:"'" HH NIGHT 12. l 13.2 17. l 14.9 U. l !4 ... U.8 12.0 12.7 u.• u. 3 10.) 

VAPOUR PRE&B. 9.8 9.7 ll. :t ... 3 10. Ii 10.8 13.9 14.0 U.7 ·1 a.• 12.o ao.a 

WIND 6PEEi> 2H l. :t l. 6 1. 1 I. 8 a.o 1. 9 I.~ ••• a. 1 a. a &.4 1. :a 

SUNSHINE 'll 96 'fO 90 90 97 87 69 :18 80 98 94 96 

TOT RAlHA TIDN 48:1 SU• S66' :t96 631 sa• :Ill 464 836 063 4•3 467 

EVAPOTRAN&P. 84 9iZ 14:1 144 160 147 109 102 121 uo •• 73 

TYPE or OROWINQ BEASON : NORHAL OROWINQ SEASON l"llTH ORV PERIODt 
ORV DAYS : aea INTERn. DAYS ; 16 WET DAYS : 61 

SEASON NR : l 
&EASON 8EOIN8 ON OZ4 JUNE 

DEOIN HUt1lll ON t JULY 
HUftlD PERIOD C 62 DAVB~ ENDS ON 31 AUC 

EN&> OF BEASON ON 9 SEP. 
TOTAL LENOTH OF BEASON JB 78 DAYS 

COUNTRY : ETHIOPIA • STATION : HUMERA • NUf'IBER :63030 

• t..ATITUl>E: 14. 10 • LONQITUDE : 36.35 • &L.EYATION : HO 

JAN FEI t1AR APR HAV JUN JUL AUG SEP .:JCT NOV DEC 

PRECIPJTATIClll 0 0 0 t 4:t 1a 17& 191 10!3 7 6 0 

TE;1P. AVERAGE 27.0 284 30.3 3t. 7 31 7 30.3 27. l a1t.a a7. a aa.7 29.4 aa.:1 

1Et1P HEAN t1Al 36'.4 37.9 40.4 4t 1 41. 2 39.2 33.9 33.0 34.3 37.4 31.3 :1•.• 

Tt::HP tU::AH nlN 17, It as.a 20. a at.• aa.a at. 3 ao.3 20.6 ao.o ao.o 20. 1 19.6 

TEt1P 11EAH DAV 30.4 31. a 33.9 3:1.3 3:t. l 33. :t 29. :t a9.0 a9.7 31 •• :1a.1 31. 3 

TEt1P t\H NIGHT 23.9 as.a 26.9 aa.a ae.3 27.0 24.tl 24.4 a4.3 a:t. a as. a a4.7 

llAPOUA PREBB. &lil. B ta.o aa. a 9.8 10.B l3.8 aa. 3 a3.6 •••• 13.4 I~. I 13.a 

WIND SPEED a" 0.9 I. 0 0.9 I. 0 l. 0 a. a 0.9 0.8 0.6 0.7 a. o o.• 

SUNSHINE 'X e• 91 ea 86 77 79 10 :t:t ,. 90 4'4 
. " 

TOT RADIATION 4:17 saa :t:t'f DBO '"' na 814 451 :tat :13:1 49• 408 

EVAPOTRANSP. 1~4 133 163 172 l79 179 149 131 137 &43 136 123 

TYPE OF OROWINO BEASON : NOAHAL OROWINO GEASON <WITH DRY PERIODt 
ORV DAV9 : :Z67 JNTERn. DAYS : 33 WET DAVS ; 65 

SEASON HR : I 
BEASON IEOJNS ON 23 JUNE 

8EOIN HUHIP Ott 8 JULY 
HUnlD PERIOD C 66 DAYSI ENDS ON lt SEP 

ENO OF SEASON ON o.19 SEP 
TOTAL LENOTH OF BEASON 18 99 DAYS 

ttET. 

YENI 

. 074 
,.,, 4 .... 
••• aa. a 

13. ' 
U.I 

I. 7 
87 

D34 
1368 

ttET. 

YEAR 

•110 
a•.• 
:17 .• 
ao.11 
32.0 
a:t.7 
&4. 3 
0. 
ea 

IU6. 
17 ... 

co 
N 



c ·• r --·· . 1..UVNTRY ETIHO"IA • STATION :DEIRE TABOR • NUf1BEll :63320 
• LATITUDE: l l. ,3 • LONGITUDE : 38.02 • ELEVATION : 2410 tET . 

JAN FEB t1AR APR l'IAY JUN .JUL AUO IEP OCT NOY DEC YEAR 
PREC&PITATION b 11 4;z 4f> 93 180 :101 476 193 66 21 .. 16:tl 
TEf1P AVERAOE 18 b 18 I 18.6 18 S 18. :t 17.0 lS.O 14.9 111.6 111. a &II. I ll. 6 •••• TEt1P t1EAN t1AX a• 1 27 a 28.a 27 a 26.9 24. 9 21. I 21. 0 23.0 23.0 23.8 24.11 il:t.O 
TEl'IP MEAN l'llN 8.0 8.4 9.0 9.8 10. I 9.0 8.8 a. 1 8. I 7.3 7. l 6.7 •. 4 
TEtu> t1EAN DAY a2. 4 at. 6 aa. 1 21.6 21., ICf.8 l 7 .• 17.0 18.2 17.9 18.4 18.7 19. 7 
TEl'IP t1N NIGHT l:t. 0 14.9 l:l.3 l:t ' U.:t 14. l 12.6 Iii.II 12.7 aa.o 12. 1 12.0 13.7 
VAPOUR PRESS. 12 6 11.2 10.9 10.4 12.6 13.9 13.8 13.6 13.6 II. 9 11.6 II. a aa. ::1 
WIND SPEED 21'1 l. 4 1. 4 1. 7 I. 8 1. 6 l. s 1. a 1. I I. l I. ii I. 3 I. a I. 4 
"''IN5HINE x 7, 83 77 69 ,, 42 12 12 :10 78 ea 80 H 
I JT RADIATION 452 59!0 538 527 471 417 304 306 442 S16 48:t 4;)2 4:t2 
EVAPOTRANSP. 10' 107 138 140 130 104 ea ea .,, 102 92 87 1264 

TYPE OF QROWINO SE~SON N0Rt1AL QROWINQ SEASON CWITH DRY PERIOD> 
DRY DAYS : 196 INTERl'I DAYS : 4:1 WET DAYS : 124 
SEASON NA : I 
SEASON DEQINS Qt., 4 l'IAV 

BEOIN HUt111l ON 2ff l'IAV 
HUl'llD PEttlOD \ 3 DAYS> ENDS ON 30 l'IAV 
BEOIN HUt11D UN 4 JUN~ 
HUH ID PERIOD C 123 DA VS> ENDS 014 4 OCT. 

ENO OF Sl::ASON ON 20 OCT. 
TOTAL LEl~QTH OF SEASON l.S 170 DAYS 

COUNTRY . f.THloP I" • 6TltTJON : WALD IA • NUl18ER :63321 
• LATITUDE: 11.49 • LONGITUDE : 39.36 • ELEYATIO.. : 1960 '1ET. LO 

w JAN FEB t1AR APR l'IAY JUN JUL AUQ 8EP OCT NOV DEC VEAR 
PREC IP ITATIOtt 40 42 79 HiB 97 28 220 2:16 es 47 47 24 1073 
TEHP. AVERAOE 16 1 16. 8 168 18.2 19.0 19.S 20.2 llf.6 19.3 17.4 16. I 16.3 17.9 
i El'IP MEAN l'IAll 23.6 2:1.0 as. 7 21 a 27.9 29.0 2b l as. 11 as.a as. a 24.3 24.3 a:s. 1 TEt1P t1£AN l'llN 8. 6 8.6 7 9 9. I 10.0 9.9 u. 2 13. 7 13. 4 9.7 7.9 a.a 10. I 
TEMP i1EAN DAV 18 8 19.8 20.0 21. 4 aa.a aa.• 22.3 aa. 1 21.4 ao. 1 19.0 19. I 20. 7 TE:tP t1N NIQHT 13.6 14. I 13.8 uo u.a 16.0 17 . ., 17. 3 17.0 14.3 1a.• 13.0 ID. I VAPOUR PRESS. 11. 3 11. 7 11.3 12.3 10. , 9.3 14.iZ 14.6 14.3 II. 9 10.• II. I II. 9 WIND SPEED 21'1 I. 6 I. 9 1. 9 I. 6 2. I a.:1 iZ.O I. 6 I. 3 I. a a. a I. 7 I. 7 SUHSHINE x 61 68 73 H 6S 57 36 47 44 71 72 70 61 TOT RADIATION 40B 46., :t23 :t23 :109 473 39:t 439 4iZD 491 453 422 460 EYAPOTRANSP. .,, 106 130 130 1:14 IS& 121 ll7 107 Ill 94 99 1422 TYPE OF GROWINO SEASON NOAl'IAL CROWINO SEASON CWITH DAV PERIOD> 
ORV DAYS : 171 INTERN. DAYS : 12:t WET DAVB : 69 
SEASON NA : 1 
SEASON BEOINS ON I l'IAR. 
END OF SEASCN ON ;n MAY 
TOTAL LENGTH OF SEASON 19 BB DAYS 
SEASON NR : 2 
SEASON BEGINS ON 2B JUNE 

BEO(N HUl'llD ON 1 .JULY 
HUt11D PERIOD C 70 DAYSI ENDS ON 8 SEP. 

END OF SEASON ON 25 SEP 
TOTAL LENGTH OF &EASON IS 90 DAYS 
SEASON NA : 3 
SEASON BEGINS ON 2 NOV. 
D•D OF SEASON ON IC/ NOV 
TOTAi. lFNGTlt OF 6FA!;r1N IS IA DAVS 



COUNTRY [HllOPlA • STATION .DABAT • NUrtDER :63329 

• LATITUDE: 13. 00 • LONGITUDE : 37.4• • ELEVATION : 268, t1ET. 

.JAN FED rtAR APR HAY JUN .JUL AUG SEP OCT NOY DEC YEAR 

PREC JP ITAT JON 0 1 6 14 141 199 331 304 163 61 21 , 12:t4 
TE:1P. AVERAOE 12 4 12.8 13 7 l,.o 14.6 14. 2 13.0 101.3 l:Z. 8 12.7 10.9 11.1 13.0 
TEMP ttEAN HAii 20 :; 20.a 22.0 23. l 21. 7 ao. 4 17.e 16.6 aa.a 19.5 17.4 •••• •••• TEHP rtEAN rtlN 4 3 4. 1 ,,3 6.8 7. 4 7. 9 8. l 8.0 7.3 5.8 4.4 3.7 •. l 
TEMP rtEAN DAY 1:; 3 U.1 16. 7 17.9 17. 1 16. 4 14. 7 13.8 14.7 as. 1 t3.2 .... ' U.4 
TEHP t1N NIGHT 9. 7 10. 1 10 e 12. I 12.0 11. 9 ll. I 10.6 10.6 9.'9 8.3 .. , 10. , 
VAPOUR PRESS. 6 :; 6.4 6 ~ 7. , e.a ll. 0 II. e 11.3 10.6 

"· 0 
6.'9 .. ' 8. 6 

WIND SPEED 2t1 I 9 I 9 a. 7 
I ' 

I. 'J l. 9 l. 2 1. o I. 2 I .• •. 6 I. 4 I. 6 
SUNSHINE x 94 90 ee 76 62 'e 14 12 19 •• .,2 92 68 
TOT RADIATION :;oo S3S ,7, :;:;4 '02 482 :u:s 309 474 S37 ,06 477 480 
EVAPOTRANSP. 134 89 12, 126 124 104 80 78 90 •9 77 72 1l47 

TYPE OF ORO\.llNO SEASON NOAHAL OAOWINO SEASON CWlTH DRY PERIOD) 
ORV DAYS : 191 INTERrt. DAYS : 29 WET DAYS ; 14' 

SEASON f.IR ; 1 
SEASON DEQlNS ON 29 APA. 

BEGIN HUt11D ON 10 rtAY 
HUrtlD PERIOD C 146 DAYS> ENOS 014 2 OCT. 

EN~ OF SEASON ON 20 OCT. 
TOTAL LENGTH OF SEASON 16 17' DAYS CD 

~ 

COUNTRY . ETHJCJPIA • STATION : 1'1ETEMA • M.lrtDER :63314 

• LATITUDE: 12. ,7 • LONGITUDE : 36.04 • ELEVATION : 803 l'ET . 

.JAN FEI rtAR APR HAY JUN .JUL AUG SEP OCT NOY DEC I VEAR 

PREC JP ITATION I 0 0 I 67 160 20'1 211 187 .. , .. 0 BBS 
TEHP AVERAGE 26. 9 29. 7 30 2 28 9 28. 7 21. 9 26. t 2b.O 26. I 27.3 27 . ., 27. , 21. 9 

;7 TEMP t1EAN tlAll 3:1 I 39. l 40 0 40.3 '39 0 3:S. 7 31. 9 31. 8 31 .• 34. , 3,.9 36. a+ 35. 9 
.-/ TEMP t1EAN t11N IB 7 20.2 20. 3 17 , 10 4 19. 9 20 3 20. 1 20. 3 20. a 19.9 18.8 19., 

.lTEMP MEAN DAV 29 ? 33. I 33. 7 33 0 32 4 30. b &'ft 2 28.0 28. I 29.8 30. 7 30. , 30. 7 
TEMP t1N NIGHT 24 2 2b , 2ta.8 2::1.0 2::1. 0 24. 9 23. 9 23. 7 23. a 24.4 24. 7 23." 24 7 
VAPOUR PRESS 12 0 12 9 II 2 a 4 20. 9 :Z:S. 4 26 7 26.6 19. b 12.3 12.0 12. a 16. 7 
WIND SPEED 2rt I 9 l 9 .. 7 I ' I 9 l. 9 l. 2 I 0 I. 2 I. 6 1. 6 •. 4 I. 6 
SUNSHINE " 79 83 77 76 6b :l9 :;7 40 bO 78 ea 87 70 
TOT RADIATION 457 st• :'3:1 :;:;4 '1b 494 477 414 479 :Ill 497 4t., 491 
EVAPOTRANSP l~5 17:l 201 187 192 160 I :14 121 137 16, l:l3 14, 193:1 

TYPE or GRuwlNG SEASON NORMAL GR:IWING SEASON IWITH DRY PF.:R 1001 
ORY DAYS 232 I NT ERM. DAYS 27 WET DAYS : 106 

SEASON NR l 
SEASON BEGINS ON 25 MAY 

BEGIN HUMID ON 14 .JUNE 
HUMID PERIOD (107 CAYS) ENDS ON 28 SEP. 

Elm Of' SEASON ON 5 OCT. 
TOT Al I. EtlGTH OF srA:.ON IS 134 DAYS 



( . 

COUNTRY ErtHOPIA • STATION .DEORE l'IARKOS 

• LAT I TUOE. lO. 21 • LONQITUDE 

PRECIPITATION 
TEt1P. AVERAOE 
TIEt1P HEAN t1A X 
TEt1P ttEAN "IN 
TEHP HEAN DAV 
TEt1P t1N NIGHT 
VAPOUR PRESS. 
WIND SPEED 211 
SUNSHINE X 
TOT RADIATION 
EVAPOTRANSP. 

JAN 

l7 
l :s. :I 
a3.6 

7.3 
&8.4 
&a.1 
8.8 
0.9 

1a 
4'1 

92 

FEB 

a& 
&6.6 
24.6 
8.6 

l 9. :I 
13.9 

9 l 
l. 0 
70 

482 
96 

HAR 

:so 
l 7. :I 
2:1.0 
9.9 

20.a 
l4 . ., 
10.a 

I. 0 
:SI 

44:1 
ll4 

11PR 

67 
17.6 
24.8 
10. 4 
20.2 
a:s. l 
10.9 

l. 1 
69 

526 
118 

HAY 

90 
17. I 
23.8 
10 3 
19.' 
l4.6 
ll. 9 

0. 7 
48 

441 
104 

JUN 

l6:1 
1:1. a 
iU. 0 

9. 3 
17.3 
13. 0 
ll. 9 

0. :I 
34 

383 
86 

JUL 

299 
14.3 
18.7 
9.9 

lS. 9 
12.7 
14.2 
0.6 

" 31:3 
7:1 

TYPE OF OROWINO SEASON : NORHAL OROWINO SEASON CWITH DRY PERIOD> 
DRY DAYS : 161 INTER11 DAYS : 64 WET DAYS : l40 

SEASON NA : 1 
SEASON 8EGINS aN 3 APR 

BEGIN HUl11D ON 22 HAY 
HUHID PERIOD Cl4l DAYS) ENDS ON 

ENO OF SE"SON ON 24 QC T. 
TOTAL LENOTH OF SEASON IS 20:1 DAY& 

9 OCT. 

COUNTRY ; ErHIOPIA e STATION : ALNIATA 

AUG 

297 
14.a 
18.8 
9.6 

U.8 
12.4 
14. l 
o.s 

13 
309 

7:1 

• NUt1DER ;63334 

37.43 e ELEVATION: 2440 ttET. 

SEP 

218 
14. ' 
20.0 
8.9 

16.4 
12.3 
13 ... 
0.6 

40 
406 

83 

OCT 

76 
14.9 
aa. 3 
8.4 

17. l 
12.3 
ll. 0 

l. o 
•3 

468 
•:s 

NOY 

26 
14.1 
aa.a 
7.4 

&7.4 
ll. 9 
9.8 
0.9 
•9 

4:11 

•• 

• NUf1•ER :63335 

DEC 

15 
14.8 
22.9 

6. 7 
17.7 
aa. • 
8.a 
o., 
7l 

435 
B6 

VEAR 

1341 
\:I .• 
o1a. a 
••• 17.9 

&3. l 
u.a 
o.a 
:u 

42:1 
tUO 

• LATITUDE: 12. 31 • LONOITUOE 39.41 • ELEVATION: aaoo t.:T. 

PREC IPJTATION 
TEHP AllERAOE 
TEHP t1EAN 11AX 
TEHP l'iEAN 111N 
TEHP tlEAN D"Y 
TEt1P l1N NIGHT 
VAPOUR PRESS. 
WINO SPEED 211 
SUNSHINE X 
TOT RADIATION 
EVAPOTRANSP 

JAN 

32 
l9.4 
27 3 
ll. :s 
22.3 
U1.B 
13. l 
0.9 

73 
440 
96 

FEB 

42 
20. 0 
27. I 
12.8 
22. 6 
17.6 
13.3 

l. 0 
86 

:126 
l02 

l1AR 

19:1 
21. :I 
29. :I 
13. :I 
24.4 
1B.B 
14. l 
l. 0 
11 

:136 
131 

APR 

8:1 
21. 8 
29. 7 
13.9 
24.7 
19. l 
14. l 

1. l 
74 

:146 
13:1 

tv.V 

37 
24. 0 
32 6 
1:1.3 
27. l 
20. 9 
13. 7 

0. 7 
77 

:1:18 
142 

JUN 

8 
2:1. :I 
3:1.0 
t:t. 9 
28. 9 
22.0 
l :t. 0 
0. :I 

71 
::'129 
134 

JUL 

1:19 
23.6 
31. :I 
l:S. 6 
26.4 
ao.6 
21.3 
0.6 

:12 
4:17 
122 

TYPE OF OROWINO SEASON NCIRt'IAL QROWINO SEASON CWITH DRY PE~IOD) 
DRY DAYS : 234 INTER". DAYS : 42 WET DAYS : 89 

SCASON NR : t 
~£ ... SON BEGINS OH 19 FEB. 

BEGIN HUHID ON 28 FEB. 
H°"ID PERIOD C 34 DAYS> ENDS ON 2 APR. 

ENO OF SEASON ON 21 APR 
TOTAL LENQTH OF SEASON IS b2 DAYS 
SEASON NR : 2 
SEASON BEGINS 0111 29 JUNE 

BEQJN Hl.Jt'JD ON 5 .JULY 
HU"ID PERIOD t ::'17 DAYS> ENDS ON 30 AUG 

ENO OF SEASON ON 7 SEP 
--.... •• • .................. _,,... ,,...r"'a.r--..1 re ,. n.a.vc 

AUQ 

180 
22. 4 
29. 7 
u.o 
2:1.0 
1,, :s 
20.9 

0. IS 
:13 

463 
117 

SEP 

37 
22. 7 
30.9 
14.4 
2:1.6 
19. 4 
&•.3 
Q.6 

:15 
460 
118 

OCT 

17 
21 .• 
29.9 
13.2 
24.:t 
18.a 
14. 2 

I. 0 
83 

530 
121. 

NOY 

18 
20. 4 
28.6 
ta. a 
23.3 
17.0 
12.7 
0.9 

84 
486 
103 

r,,E': 

31 
19.3 
a1. 1 
ll. 4 
aa.o 
&41. 1 
12.3 
0.9 

83 
4H ,3 

Yi:AR 

84l 
21. 9 
a,. 9 
13. 7 
24. 7 
18.1 
15. l 
o.a 

72 
4'18 

141, 

LD 
Vl 



~ . ' I 
COUNTRY ErHIOPIA • STATION :OA,.IELA • NUt'llE" :63377 

• LATITUDE: •. 19 • LONO I TUDtE : 34.39 • DiYATION : 480 .. , 
.JAN FEB "AR APR MY JUN JUL AUO ea OCT NOY DtEC VIEAR 

P"EC IP ITATION a 12 31 68 163 169 296 271 177 113 so 13 1327 TE,.. AVERA OE 290 a•. a 30. 9 2'9.7 27.4 26. • 26.8 26.3 26. 7 27.0 26. I a1. a 27.6 TE"'° t1EAN 11AX 37. 8 38. 4 38 " 37. 3 34. 9 32.9 31. 7 31. 6 32.• 33.• 32.'f 39.6 34.• TE .. t1EAN 111N 1e. a 20.0 22 0 aa. a ao.a 20. 7 at." ao.• 20.:S 20. I l'f. 3 18.8 20. 4 TE'1P t1EAN DAV 31. 6 32. 9 33. 9 32. 4 2•. " 28.7 28.6 28.2 aa.• 2".9 28.9 30. a 30.a TEt1P ... NIOHT :14. 6 26. 0 27., 27. 0 24.8 24. , 2S.O 24.2 24.3 24.3 23.S 23 .• as.o VAPOUR PRE88. 17 4 17.8 
'"· 2 

21. 3 22.6 24. 4 29.7 29.7 24.'f 23 .• 20.3 •••• aa. • WIND SPEED 211 I. 3 l. , 1. 3 I. 3 I. :S •. 3 t. 3 l. s I. 9 I. D I. D I. 3 I. 4 SUNSHINE x 7J 69 91 59 38 39 32 ., 40 93 62 73 4'f TOT RADIATION 468 474 448 486 398 380 370 314 407 43'9 440 ..,, 423 
EVAPOTRANSP 1~6 160 179 169 146 ll 9 l iZ I l 11 128 141 132 14' 1707 

TYPE OF OROWINO SEASON : NORMAL OROWINO BEASON CWITH DAV PERIOD) 
ORV DAYS : 168 INTER ... DAYS . 4• WET DAYS : 148 

SEASON NR : I 
SEASON BEOIN9 ON 22 APR. 

BEOIN HUt11D ON 8 "AY 
HUt11D PERIOD (14• DAYS> ENDS ON 3 OCT. 

END OF BEASON ON 9 NOV. 
TOTAL l.ENOTH OF BEASON 18 198 DAYS 

COUNTRY : ETHIOPIA • STATION : P~O • NUt'llE" :63379 

LATITUDE: a. 19 LONOITUD£ : ELEVATION : 960 
.J) • • 34.29 • f'IET . ,,\ 

JAN FEI MA APA ""y JUN JUL AUO SEP OCT NOY DEC YEAR 

PREC IP ITAT ION 6 , 23 90 Ill 13'9 1'97 177 170 106 47 II 1042 TEl'P AVERAOE 27. , 29.3 30. 6 30.0 aa.o 26.9 2,,, 29.4 29.• 27.0 26. 7 27.0 27. , 
TEl'P f'IEAN l'IAX 36. , 38.0 38. , 37.4 39.0 32. 6 3t. a 31.S 32. I 33.8 34.0 35. 7 34. 7 TE ... MEAN MIN 18. 4 ao. s aa 6 aa. 6 21. 0 20.4 •••• 19. 3 1'9.6 20.a a•.4 18.3 20.a TE... ~~ DAV 30. 7 32. 4 33. 4 32. 7 30. , 28. :, 27.9 27.6 28. I H.4 H.3 30. I 30.0 Ta.P t1N td OHT 243 26. 3 27.8 27. 4 29. 9 24. :I 23. 4 23. I 23. 9 24.4 23.• 23.6 24.8 
VAPOUR PRESS 16 ., 17.• 19 3 at. 6 23.4 24.2 23.8 24.3 23. 7 23.• a1. o 19.• 21. 6 WIND SPEED 2t1 I. 3 I. 9 13 1. 3 I. 5 I. 3 1. 3 I. 9 I. 9 I. S I. 5 t. 3 I. 4 SUNSHINE 1: 73 64 91 60 37 35 33 u 3'9 S3 .a 73 4• TOT RADIATION 468 470 448 490 3•s 380 374 314 404 439 440 459 423 EVAPOTRAN9P l:SJ 160 179 167 145 121 ll7 111 129 141 137 143 1699 

TYPE OF OROWINQ SEASON NORl'IAL OROWINO SEASON (WITH DRY PE,.100) 
DRY DAYS . 179 INTER ... DAYS 67 WET DAVO II• 

SEASON NR : t 
BEASON IEQIN6 ON 30 APR 

BEQIN HUP11D ON , .JUNE 
HUl'llD PERIOD (120 DAVB> ENDS ON 2 OCT. 

END OF SEASON ON 2 NOV. 
TOTAL LENOTH OF BEASON 18 197 DAYS 



t:OUNIHY ETHIOPIA • STATION : OOELCtlO • NUtlBER :63440 

• LATITUDE: B. 04 • LONGITUDE : 39.02 • ELEVATION : 1aoo l"IET . 

.JAN FEB t1AR APR t1AV JUN JUL AUQ llEP OCT NOY DEC YEAR 
PREC IP ITATJON 12 47 44 es 41 7:? 132 118 89 32 II • 6119 TEt1P lll>VERAOE 18.3 19 ... 20. 2 20.9 20.7 20.2 19. s 

'"· 2 
la.a 19.3 17.9 17.D 19.3 TEl1P t1EAN t1AX 26. a 26.6 27. 4 28.S aa.6 27.0 24.6 24.2 24.4 26.2 as. :t 26.2 26.3 TEMP t1EAN t1JN 10. 3 12. I 12.9 13.2 ta.a 13. 4 14.3 14. I 13. I 12.4 10.3 a.a 12.3 TEMP t1£AN ~AY 21. 1 22.0 22. a 23 6 23. s 22.6 21.3 21. 0 ao.a 21. a 20.6 20.6 21 .• 

TEl1P "'"' NIQHT u. 5 16. 9 17.6 18.2 17.9 17. 7 17., 17.2 16.6 16.6 IS.O 14. I u •. 7 YAPOlift PRESS 10. 9 10.a ti. 8 12 4 1 a. 9 14. 9 17. i2 17.6 16.9 14.3 10. I 9.6 13 3 WINO SPEED 2t'I l 3 I 0 l 0 0 B 0.9 l , I. I t. 0 0.7 o.a I. 2 0 . ., 
'· 0 SUNStllNE x 84 7'1 70 63 61 61 41 47 44 71 80 78 64 TOT HADIATION :'°::i 524 sao 501 484 474 403 433 422 S04 SOI 472 478 EYAPOTRANSP. 112 .J07 127 123 12S llB IOI 103 96 Ill 108 100 1331 

TYPE OF QRDWINO SEASON NOR""L QROWINQ SEASON CWITH DRY PERICO, 
DRY ()AYS ; 217 INTER11. DAYS : 76 WET DAYS : 72 

SEASON NR : I 
SEASON BEGINS ON JO t1AR 
END OF SEASON ON 30 APR 
TOTAL LENGT~ OF SEASON 19 J;? DAYS 
SEASON NR : a 
SEASON BEGINS ON 7 JUNE 

BEGIN H\A11D ON I JULY 
HUMID PERIOD C 73 DAYSI ENOS ON It SEP 

END OF SEASON ON a or.T. 
TOTAL LENGTH CIF SEASON IS llB DAYS 

CX> 
-.:i 

COUNTRY : ETHIOPIA • STATION : ZIWAV • NUt18ER :63441 
I 

• LATITUDE: 8.00 • LONGITUDE : 38.4S • ELEVATION : 1640 ftET. 

JAN FEB t1AR APR t1AV JUN JUL. AUG SEP OCT NOY DEC YEAR 
PRECIPITATION aq 31 29 46 6A 79 125 llO 96 37 3 I 642 TEt1P. AYERAQE 19. 7 19.8 ao.a 20. 2 19. 7 20. l 19. s 19. I 19.0 19. I .... 17.6 

'"· 3 TE11P MEAN MAX 25. 4 27. l 27. 7 2a a ;n. 7 27.3 as. a 24.6 as. 1 as.a 2:1.2 2:t.4 at.. a T~MP t1EAN t11N ll. 9 12. ' 12. 6 l2.2 II. 6 12.8 13.9 13.6 12.a 12.3 1a.3 9.8 12. 4 TEMP t1EAN DAV 21 1 22. 4 22. 9 23. l 22. s 22. 7 21., 21 I 21. I 21.4 21. 0 20. 4 2l .• TEHP t1N NIOHT 16 3 17.3 17. s 17. 4 16.a 17. 4 17 4 17.0 16.6 16. 4 16. 2 14.6 l6.8 VAPOUR PR£58. ts 3 ts. 7 1 :I. 6 16. I 16. ' 16. 7 17. 7 17.5 17. I 16. I u.a 13. ' l6. I WIND SPEED 2t'I l 3 I. 0 1. 0 o. e 0.9 I. S I. I l. 0 0. 7 o.a 1. a 0.9 l. 0 SUNSHJNE 1( 77 76 73 72 69 68 S7 SS 47 72 ea ea 69 TOT f!ADIA\'ION 469 499 "' .,1 e 496 492 441 442 410 492 495 473 477 EVAPOTRANSP ?9 99 120 IU 113 113 too 9'J 91 104 97 •• 1240 
TYPE IJF GROMINO SEASON NORMAL GROWING SEASON (WITH DRY PERIOOt 
DRY DAYS 207 IN!ERM. DAYS : 77 WET DAVB : 81 

6EASOU NR : l 
SEASOH BEGINS ON l t'IAY 

BEOIN HUt11D ON I JULY 
H\JMID PERIOD I 82 DAYSI ENOS ON 20 SEP. 

END OF BEASON ON 6 OCT 
TOTAL LENGTH OF SEASON 19 l~q DAYS 



l -·~ .. 
. _ JNTf\ . ETH.~· ,A :> 1 AT ICJN : tlAAEH . - J l • * Ntn1BEA :63470 

• LATITUDE: 9. 12 • LONQfTUDE : 42.07 * ELEVATION ; 18,6 PIET. 

JAN FEB MA~ APR MAY JUN JUL AUG &EP' OCT NOY DEC YEAR 

PRECIPITATION 13 30 '' 97 126 .,., 145 121 •4 42 28 • 85• TE11P AVERAGE 19 4 20. 0 20 6 20 0 20. I 19. I l'P 7 17 ... 18.3 18. 7 18. ' 18.2 l'P. I TE11P 11EAN 11AX 24 2 2b I 2b b 2' I 25. ' 24. 1 24. 4 22.iZ 23.2 24 1 23.• 23. ' 24. 4 TE11P MEAN 111N 12 6 13.9 14. , 14 9 14. 7 14.0 14.9 13., 13. 4 13. iZ 13.0 12.e 13 .• TEMP MEAN DAV 20 , 22.2 22 7 21 e 22 0 20 . ., 21. 3 19.4 20.0 20.6 20.4 20.0 21. 0 TE11P MN NIGHT 16 4 17 9 18 ~ 18 2 10 a 17. 2 I 7 '9 16.2 16.4 16. ' 16.3 16.0 11 a VAPOUR PRES!i II B 12 b I' 3 14 0 15. I 15 2 16. 3 13 . ., 14. 3 12. 7 11. l ll. 7 13 7 WINO SPEED 211 ? 0 o e I 0 0 9 08 I. 0 o a o.• 0. 8 0.6 I. I l. 6 0 ., 
SUNSHINE 'X 78 b7 62 ,., 

'9 ,3 48 43 'I 6, 73 76 61 TOT RADIATION 478 476 488 487 476 449 432 429 449 479 471 459 464 EVAPOTAANSP 97 .,., 119 114 113 103 10:'.i 103 101 103 98 99 1254 

TVPE OF QAOWINQ SEASON NORMAL GROWING SEASON (WITH DRY r'ERIODI 
ORV DAV9 lb:S INTERl'I DAYS : 89 WET DAYS : 111 

SEASCIN UR 1 
SEASON BEGINS ON 2: MAR 

BEOIN HUMID ON 29 A'."'R 
HUMID PERIOD ( 34 DAYSI ENDS ON 1 JUNE 
BEQIN HUMID ON 24 .JUNE 
HVMID PERIOD t 79 DAYSI ENDS ON 10 SEP. 

END OF SEASON ON 7 OCT. 
TOTAL LENGTH OF SEASON 19 201 DAYS 

i 

.. , 
COUNTRY : ETHIOPIA • STATION :DIRE DAWA • NUl'IBER ; 634-YI 

• LATITUDE. 9 36 • LONGITUDE 41. ,2 * ELEVATION : 1210 l'IET. 

JAN FEB l'IAR APR l'IAV JUN JUL AUQ SEP OCT NOY DEC YEAR 

PRECIPITATION 17 3, 32 76 37 a' 97 136 61 14 17 • ,76 TEMP. AVERAGE 21 4 22 7 24. 6 26 3 27 3 28. l 26. 3 2,. 1 2, • 2,. I 22 4 21. 3 i14 8 TEMP MEAN l'IAX 28 I 29 3 3!. 4 32. , 33. 6 34.6 32. 7 31 .• 32.3 31 ., 29.4 28. I 31.3 TEMP l'IEAN l"tlN 14 6 16. 0 178 20 l 20.9 21.6 19. 8 t •. 5 .•. ' 18.2 
"· 3 

14. 5 182 TF"1f' MEAN DAV 23 e 2:S l 27 l 28 , 29 , 30. 4 28 6 27. 9 2e.a 27. , 24.8 23. 7 27 l TEMP MN NIQHT 19 1 20 4 22 3 24. I 25. 0 25. 7 23. 8 23.3 23. 4 22.4 19.6 18 ... 22 3 VAPOUR PRESS. 13 e l 4 l 15. ' ! 1 l 16.0 16.0 16. 4 17.2 16.4 12.7 12. 2 II • 14 .• WIND SPFED 2M l 4 l 6 1 8 2 6 3.0 3. ' 3 l 2. 9 2. 1 2. 2 a o 1 .• 2 4 8\JNSHINE l( 7:'> 69 66 62 67 61 57 62 61 68 78 81 67 TOT RADIATION 453 466 404 479 493 460 446 473 466 472 ~73 460 468 EVAPOTRANSP 112 118 ,,0 164 186 191 17, 16• 162 161 l34 11' 1837 

TYPE OF OROW1NO SEASON JNTERMEDJAtE ~EASON 

DRY 04YS 308 JNT~RH DAVS ,7 WET DAYS 0 

SEA~ON NR I 
SEAS3N 9EGINS ON 10 JULY 
END or· 6£ ASON ON 5 SFP 
TOTAL LENGTH OF S[AqON 19 58 DAYS 



• 

~~JNTR. C:TIH.,,- •" • ~IHTION : 1 ICHO • NUt'IBER :63444 

• LATITUDE: 7.4'f • LONGITUDE : 39.32 • ELEVATION : 2llOO ttET. 

JAN FEB "AR APR "AY JUN JUL AUG 8EP OCT NOY DEC YEAR 

PREC IPl-TATION 46 87 135 l:S:S 101 .,, U7 165 144 t03 H 23 1261 TE"P. A\IERACilE 13.6 14.4 14.6 14. 6 . 14.9 14. 5 14.0 13.6 13.7 13. I 12.6 12 .• 13.9 TEMP MEAN 11AX 209 21. 6 21. 2 20 2 20.7 20.8 19. 5 19.1 19.3 18.7 19.2 20.2 20. I TEMP MEAN MIN 6 2 7.2 e. o 8.9 9.0 19. I •. 4 8. I •. l 7.5 S.9 1.0 1. I TEt1P HEAN DAV u.2 17.0 17.0 16.6 17.0 16. 7 15 .• lS.6 15.7 SO. I 14.9 18.3 16. I TEl1P MN NIGHT ... 0 tl 9 12. 3 126 12. 7 12. l ll. 9 11.S 11. 6 10.9 10.0 ••• II. 5 YAPOUft PRESS 100 ti. 5 12. 3 13 3 13.0 12 , 13. 4 13.2 13.0 12.2 ll. 2 10.2 12.2 WIND SPEED 2'1 l , I. :S I. :S l 5 I. 4 1. 6 I. 5 l .. I. S I. 4 I. 5 I. I I. I SUNSHINE 1( 69 57 :12 4B :i2 :10 41 •4 48 47 ,. 73 53 TOT RADIATION 456 HB 4:13 443 449 432 401 4iU 437 419 430 460 437 EVAPOTRANSP. --~ ea 101 93 96 91 86 88 88 85 80 81 101.9 

TVPE OF GROWING SEASON : NORl1AL G~OWINQ SEASON CWITH ORV PE~IOD> 
ORV DAYS : " INTER". D'-YS : 86 WET DAVB : 228 

SEASON NA : I 
SEASOlll BEQ INS ON 17 ~·· • 

BECIN HUHID uN 15 FEB. 
HUt11D PERIOD C 93 DAYS> ENDS ON 18 HAY 
BEOIN HUt11D ON 14 JUNE 
HUl11D PERIOD C137 DAYS) ENDS ON 28 OCT. 

END OF SEASON ON 27 NOV. 
TOTAL LENQTH OF SEASON IS 315 DAYS 

• 
COUNTRY : EfHJOPIA • STATION :ABOIO • NUt1BER :63445 

(J) 

• LATITUDE: 7. 48 • LONCillTUDE : 34.24 • ELIEYA Tl ON : 530 l'tET. '° 
JAN FEB MAR APR HAY JUN JUL AUG SEP OCT NOY DEC YEAR 

PRECIPITATION 9 40 6'f 93 ,,., 126, 345 258 225 184 57 3 1568 TEMP. AVE RACE 24 6 26. 4 28. 3 27. 5 25. I 25.9 2:1. 4 25.4 2•.2 24.4 25.4 23.9 25. I TEt1P MEAN tlAX 35. I 39. s 38. 2 37. 9 35. 4 35. 7 34.9 34.1 31.3 32.• 33.4 31.• 34.9 TE11P MEAN MIN 14.0 14.3 18. 4 17.0 14.8 16.0 16.0 16.2 17. I 16.2 11.4 16. I 16. I TEMP rl~l.N DAY 28. 4 30.8 31. 9 31. a .8 29.4 28.8 28.6 2•.1 27.3 as.a 26 .• 28.9 TEMP t1N NIOHT ao . ., a2. 2 24 . ., 23. 8 L ... 4 22. 3 21 . ., 21 .• 21.5 a1. a aa.3 20.8 2a. 1 VAPOUR PRESS. 14 2 15. l 16 . ., IS 7 19 .• 23. 4 23. 7 24.3 21. 4 ao. :t H.I 16. 3 ... :t WIND SPEED ilrl l 4 I 7 l. 4 I 4 I. 1 I. 4 1. 4 I. 1 I. 1 I. 7 I. 1 •. 4 I. 6 SUNSHINE x 72 63 :u 61 36 36 34 15 39 51 61 1a 49 TOT RADIATION 469 469 44., 493 389 381 37, 313 404 433 440 457 •aa EVAPOTRANSP. 146 155 174 166 145 127 126 120 126 141 139 132 1697 

TVPE OF ~ROWINQ SEASON NORHAL CROWINCil SEASON CWJTH ORV PEltlQD) 
DRY DAYS : .,, INTEA11. DAYS : 56 WET DAYS : 158 

SEASON NR t 
SEA30N BEQJNS ON 10 APR 

BEGIN HUMID ON 5 11AY 
HUMID PERIOD < 27 DAVS> ENDS ON 31 MAV 
BECIN HUMID CIN 18 JUNE 
HUMID PERIOD \133 DAYS> ENDS ON 28 OCT 

END OF SEASON ON 10 NOV 
TUJAL LENGTH OF 5£1\SON IS 215 DAYS 



COUNTRY ETHIOPIA • STATION . .Jl.JIGA • NUHBER :63473 

• LATITUDE 'I 010 • LONGITUDE 42. 43 • ELEVATION : 1644 HET. 

JAN FEB tvtR APR ""v .. 'UN JUL AUO SEP OCT NOV DEC VEAR 

PltECIPITAllON 13 3:t 51 llO 124 69 100 163 123 64 23 10 885 

lEl1P. AVERAGE 16.9 17 7 19. 4 ao.3 21. 0 20. 9 20.0 ao.o ao. 1 18.3 l7. l u..:t 19.0 

T~..i> ~AN HAX 27.2 27. 6 29.2 aa.a ilB., 27.2 a,.6 a,.e 26.9 27.8 27. l 26.8 27.3 

TEHP MEAN HIN 6. , 7. B 9. 5 12.3 13. 5 14. 6 14.4 14.a 13.3 e.8 7.0 •. l 10.7 

l1H1P ~A<i DAV 20.6 a1. 3 a~.9 23. l 23.7 23.2 aa.o aa. 1 aa.:t at. 1 ao.• 20. 1 aa.o 

TEHP tlH NIOHT 13.3 14.3 16.0 17., lB.3 lB. 4 179 17.B 17. 5 14.6 13. l 12.4 •••• 
VAPOUR PRESS. U.'f 12. 1 12.a u.o U.9 16. l U1.4 Ua. 6 1'.8 a3.a ll. 3 11. 4 t4.0 

WINi> SPEED :ilrl t. :t 1. 3 1. 3 1. 4 I. 3 l. , l. 3 l. :t l. 3 l. l l. 6 2. a l. 4 

SUNSHINE ':( Bl 6:t 62 ,, 60 " 48 44 :ta •4 73 77 61 

TOT RADIATION 487 469 488 472 484 44:il 432 424 452 475 470 461 463 

E'llAPOTRANSP lOt. 103 )Or.Cl l2:t 127 llt. tao 112 114 113 10'9 111 137' 

TYPE Of GROWING SEASON 
NORMAL GROlllNG SEASON (WITH ORV PERIOD) 

DAV DAYS . l :)8 INTER". DAYS ; 133 WET DAVS 74 

SEASON NR l 
~EASON BEGINS ON 27 HAR 

8EOlN HUf'llD ON l HAY 
HUrtlO PERIOD ( 14 OAV6> ENOS ON 14 HAY 

BEOIN HUHIO ON 22 .JULY 
HUl'llD PERIOD C 62 DAV&> ENDS ON 21 SEP 

END OF SEASON ON 20 OCT. 
lPTAL LENGTH Of SEASON 16 :zoa DAV& 

\() 
0 

COUNTRY : ETHIOPIA • 6TATION : QOBA • NUHBER :•3474 

• LATITUDE: 7 01 • UlNOITUDE : 40.00 • ELEVATION : 2700 t1ET. 

.JAN FEB HAR APR """ JUN JUL AUG SEP OCT HIJV DEC VEAR 

l'REC IP ITATION aa 41 •3 131 113 63 9• 118 122 107 •• 16 958 

TEHP AVERAQE ta. 1 12 9 l3.8 13.B 14. 1 13.'f 13. 7 13.4 13.3 12., ll., II. 5 13.0 

TEHP MEAN HAit 20. t ao. 1 ao.9 1'9.8 20.3 ao., 20.0 19.6 19.0 17.7 18.0 19.3 19. 7 

TEHP 11EAN "IN 4. l 5. 1 6.3 7.B 7.9 7. 3 7.3 1. 1 7.5 1.a 5.0 3.7 6.4 

TEHP HEAN DAY "· 0 
U.7 u. a 16.0 l4. 3 16. 3 U.9 U.6 U.3 14.3 13.8 14.3 15. 4 

TEHP l'1N NIGHT 9 3 10 2 tt 0 11. 1 ll " 
11., 11. 3 11. 0 11 .• 10.4 9.0 8.5 10.4 

VN'OUR PRESS. " 0 
9 l 10 l ... 8 ll. 9 11 3 12. l 12. 1 SI. 9 ll. 6 10.3 9. l l0.9 

WINO EPEED a" • • 1. 3 l. 1 l l I. 0 I l 0.9 l. 0 0.9 0.7 O.B l. 0 l. 1 

5UNSHINE x 67 b:il 57 4, 47 4Y 42 4l 37 27 :tO •• 49 

fDl RADIATION 4:):) 4bB 473 431 429 4;;!b 403 40'f 396 348 405 440 4?3 

t:VAl'OTRANSP ea O'I IOB 90 9;;z 09 8:) 87 83 76 72 76 1029 

fYPE OF GHrn.llNG SfASON 
NORMAL QROWINQ SEASON CWITH DHV PERIOD> 

ORY DAYS 10• INT ERM OAVS ; 7, WET DAYS 10'1 

SEASON NR l 
SEASON BEGINS ON ll MAR 

BEGIN HUt1lD ON 3 l MAR. 
HUMID PERIOD C bO DAYS> ENDS ON 29 HAV 

BEGIN HUf'llD ON 4 ,JUL'( 

HUMID PERIOD ( 131 I>,.~·:;• ENDS ON ti NOV 

ENO Of 6EA50N ~N 30 NOV 
TOTAL L[NGTH OF SEASON IS ~b~ DAY6 



. 
c°' ( : -· .. OPI •. ~ ST .. 1 1 uN : DuOUL" • 

• LATITUDE: 6. :se • LONGITUDE 

JAN FEB t1AR APR "AY .JUN JUL AUG 
PREC IP IT"T ION 33 33 " 86 41 7:S 193 179 TEt1P. AVERAOE 14.0 13. 7 14. l ,,_o 15. 6 14. 4 14.0 13.9 TEMP MEAN t1AX 24. 6 24. I iil:S iii iii' I 25.9 iil:S. 7 aa. 9 22.6 TEt1P HEAN HIN 3.3 3. iii 3. 0 4. 9 5.a 3. 1 5. I 5. ' TEt1P t1EAN DAV 11. e 17 4 18 I 186 19.3 18. 5 17. iii 17. 0 TEl1P t1N NIGHT 10. 3 10.0 10. iii ll 4 ti. B 10. 3 10. 7 10.6 VAPOUR PRESS. 1 9 9. 7 10. 3 ll. B 11. 7 II. 0 II. 8 12.4 WINO 6Pi.EO 21"1 

1 ' I. 6 I. 6 I. 7 I. 5 1. 4 I. 4 I. 2 SUNSHINE x b7 67 :S9 :S3 56 :Sb 33 38 TOT RADIATION 4:18 '!87 481 461 461 "l:SO 369 397 EVAPOlRANSP 91 89 104 101 111 93 92 •• 
TYP~ OF QROWING SEASO~ . NORl1AL GROWING SEASON (WITH DRY PERIOD> onv DAYS : l7b INTERl't. DAYS : 89 WET DAYS : 100 

SEASOlll NA : 
SEASON BEGINS ON 18 HAR. 
END OF SEASON ON t MAY 
TOTAL LENGTH OF SEASON IS 4S DAYS 
SEARON NA : 2 
SEAf>ON BEGINS ON 3 JUNE 

BEGIN HVtllD ON ilil .JUNE 
HVl'tlD PERIOD CIOI DAYS> ENDS ON 30 SEP. 

END OF SEASON ON 26 OCT. 
TOTAi. l f'NGTH Of' Sf'ASC\llf IS 141- [\A\'S 

CO\.'NTR\' ETHIOPIA • ST ATlON : SOOD • 
• LATITUDE: b :so • LONOITUDE : 

.JAN FEB t1AR APR "AV .JUN .JUL AUG 

PRECIPITATION il9 39 86 147 156 l' ' 218 187 TEl1P. AVERAGE iill. iii 21 .... 21 4 ii!O.f 19.8 IE' 11.a 17.4 
TEl1P MEAN MAX ii19. I 29. 7 28. 9 28. l 26. a~ 2~.o 22.S TEl1P 11EAN t1 IN 13.3 14. 0 13. 9 13 5 13 •• 12.4 12.a TEMP ME~ DAV 24. 1 24. 7 24. l 23. 4 a; 20.b lP " 19.2 TEt1P t1N NIGHT 18. :J 19. I 18.8 18. iiZ 17. 16. :J I .,.4 VAPOUR PRESS. l:S 6 l:J. B lb.6 18 4 17.8 J 7. I I 1 :I. 3 WIND SPEED 2M l I I. iiZ 2 l I :J I. 3 I. 2 I. I I. a SUNSHINE 1( 73 67 6:S 60 :10 48 27 3i2 TOT RADIATION 47., 488 :J04 488 438 421 347 374 EVAPOTAANSP. 116 lib 141 120 109 "14 87 •4 

TYPE OF QROWING SEA=ON NOAl"IAL GRCIHJNO SEASON CWITH DRY PERIODI 
DRY DAYS : 121 IN~'iAl't. DAYS 38 WET DAYS : 

SEASON NR : I 
SEA!lON BEG INS ON 7 MAR 

BEGIN HUMID ON 2 APR. 
HUMID PERIOD C207 DAYSI ENVS ON 25 OCT 

EtJD OF SEASON ON 6 NOV. 
TOTAL LENGTH OF SEASON IS ~45 OAYS 

206 

• 

NUt1BER :63481 

39. 11 • ELEVATION : iil:S40 fET. 

SEP OCT NOV DEC VEAR 

ll8 62 23 21 915 
13.4 13.2 13.0 12. 9 13.9 
21. 8 aa.a 24.0 23.6 24.0 
4.9 4.2 2.0 a. ' 3.8 

16. 4 16. 4 16.9 16.7 17.' 
10.a 9. 7 a.a •. 7 10.a 
ti. 7 10.8 9.7 •. 9 10.8 
I. 2 I. 4 I. 5 a. 5 I. ll 
48 :13 68 75 :16 

438 443 468 473 448 
BB •• 86 86 lliil3 

\Q 
~ 

I 

NVHBER :t.3484 

37.43 • ELEVATION : aoiilo MET. 

SEP OCT NOV DEC VEAR 

123 130 42 26 1333 ••.a ao. a 21. I 21. 0 20.0 
as. s 27.3 29.2 29.0 26.8 
liZ.8 liZ. 8 13.0 12.9 13. I 
21. 4 22.6 24.0 23.8 22. 4 
16.B 17.3 18.0 17.8 17.4 
18.0 16. 7 17., 14. 4 .,. .. 
1.0 I. l 0. 9 0.8 I. 2 

46 62 BO 75 57 
430 476 510 4'.73 4:12 
99 ll:S 112 109 1312 



COUNTRY EfHIOPIA • bl~llON: YIHQA&..~n • NUrt(u:.n . •34a11 

• LATITUDE: •. 4:t • LONQITUDE : 38.23 • lll'.LEYATION : &B3:S ,.,, 
JAN FEB """ APR nAV JUN .JUl. AUG SEP OCT NOY DEC YEAR 

PRECIPITATION 43 :17 l04 1:13 143 94 114 131> U3 l 26 57 36 1211• 

TEl1P. AVERAGE 18. 1 19. 3 19.B 19.2 19.0 lU.a 18.0 18. :s 18. 4 18.8 18.3 IB.9 18.8 

n::nP t'IEAN ttAlC 28 :t 29.0 a9.0 a7.a 26.8 25. 3 23. 7 a4. I 24.6 ao.a 26. 4 27.D 26.D 

lEl1P 11EAN "IN B.9 9. 5 10.6 11. l ll. I 11. l 12.a ta.• ta.a II. 7 10.a 10.a u. 0 

TEtlP t1EAN DAV aa.a ;::a. 8 23. I aa. 1 at. a ao.a 20 o 20.:t 20.6 iU.3 at. a 21.9 a1.D 

lEHP t1N NIGHT i:t.3 15. 9 llo. 6 tlo. 3 llo. 1 1 :t. ,. t5.8 16.4 ,,., l 16.0 u.a lit. D lD.9 

VAPOUR PRESS 13. 4 13.4 15.0 llo. 7 ••. 9 16. 1 u •. 5 16.4 17. l 15.4 14.7 12.7 1D.4 

WIND 5PEED 2n 1. 3 l. 3 1. :s •. 3 l. 3 l. 6 1. 3 1. a 0.9 0.8 •. 0 I. I 1. a 

liUNSHlNE 1' 76 71 63 lo3 loO :>:t 36 38 DO 68 77 75 61 

lOT RADIATION 489 :t02 496 499 475 446 379 397 445 4911 000 474 466 

l:VA .. OTRANSP. 113 ua 130 ll6 ll2 101 93 98 98 109 103 108 1293 

lVPE OF GROWING SEASON NORnAL QROWINO SEASON CWITH DRY PERIOD> 
[,RV DAV'S . 88 INTERn. DAYS . 94 WET DAYS : ltl3 

V.ASON NR I 
:iEA&ON BEGINS ON 14 FE8 

BEGIN HUHID ON 29 nAR. 
HUHID PERIOD C 6b DAYS> ENDS ON 2 .JUNE 
BEGIN HUHID ON 29 JUNE 
liUHID PERIOD Cll9 DAYS> ENDS ON 2:1 OCT. 

l:ND OF SEASON ON 10 NOV. 
l'UTAL LENGTH OF SEASON IS 278 DAYS 

COUNTRY : ETHIOPIA • STATHlN >'.EDH I DEHllR • NUl'IDER :1>3492 \0 
I\) 

• LATITUDE: lo. 40 .. LONQITUDE : 44. IB • ELEVATION : 450 '1ET. 

JAN FEB HAR AP!lt nAY JUN .JUL AUQ 6EP OCT NOY DEC VEAR 

PRECIPITATION a 1a 4 149 100 :t 0 0 15 114 08 8 4•7 

TEHP. AVERAGE iZ63 273 ae.a a8.0 26.6 at.. a a6 a a•.a 27. l a6.4 26. l 20.a 26.7 

TEl1P t'IEAN nAlt 33.8 3:10 3:1. 4 34.:Z 311.il 32. l 31.3 31.7 33.0 32. I 32.7 33. 5 33. I 

fEl'W t1EAN l'llN 18 7 19 :I a1. o at. 1 ao.9 ;?O. 3 21. 0 ao.• a1.a ao.7 19.5 18. 1 ao.3 

fEt1P t1EAN DAV 29.0 30 I 30.8 30. a 28. 6 ae. 3 2a o 28. \ 29.2 28.4 as. 4 28.5 29.0 

fEnP l1N NIGHT 23.6 24 ,. 25. 7 a:t. 7 iZ4 5 24 l a4.a 24. a a4.9 24.a a3.6 aa.c a4.3 

VAPOUR PRESS. lB. D 18 9 19. 5 aa 1 iit3.3 21. l a1. 1 20.4 a1. a 23. l aa. o 18.• 20.• 

WINO SPEED an •. 8 I 7 I. 5 l I l. 6 a. 5 3. l 3.a a. 1 1. I 1. a 1. 6 1. 9 

SUNSHINE 1' 98 B7 88 ea 69 77 68 79 89 71 86 9B .Ja 

roT RADIATION :i:i:t 548 :178 557 491 510 478 534 579 493 5ao 041 532 

fVAPOT~AN!W ~63 l :16 177 U3 i42 l:>o 160 172 163 135 134 JOO 1855 

TYPE OF GROWING SEASON NORnAL QROWINQ SEASON CWllH DRY PERIOD) 
ORV DAYS . 267 INTERn DAYS · Bl WET DAYS l7 

SEASON NR l 
SEASON BEGINS ON 31 HAR 

BE:GIN HUttlD ON 13 APR 
HUHID PERIOD ( 18 DAYS> ENDS ON 30 APH 

END OF SEASON ON 27 l'IAY 
TOTAL LENGTH OF SEASON IS 58 DAYS 
&EASON NR . a 
SEASON BEGINS ON 30 SEP 
END OF SEASON ON 10 NOV 
TOTAL LE~GTH OF SEASON IS 4~ DAYS 

• 



TYPE OF GROWING SEASON : NORMAL OROWINQ ~EASON CWITH DRY ~E~IOD> 
DRV DAVS . SO INTERH. DAYS : 1SS WET DAV8 : 160 
SEASON NR : l 
SEASON BEGINS ON 2 FEB. 

BEGIN HUHID ON lS MAR. 
HUMID PERIOD I 93 DAYS> ENOS ON lS JUNE 
BEQIN HUttl' ON 2 AUG. 
HUt11D PERIOD ! 2'f DAYS> ENOS ON 30 AUQ. 
BEOltt HUtUO ON 24 SEP. 
HUMID ~ERIOO C 41 O~YS> ENDS ON 3 NOV. 

ENO OF SEASON ON 14 DEC. 
TOTAL LENOTH OF SEASON IS 316 DAYS 



tOUNTRY : ETHIOPIA • STATION :tlEQA • NUt18ER :•3s4S 

• LATITUDE: 4.0, • LONGITUDE : 3&.ao • EL.EVftTION : aats 

JAN FEB HAR APR MAY JUN JUL. AUO SEP OCT NOV DEC 

PR£C IPITATION 34 sa 70 149 103 16 aa 10 ll 120 74 ·~ 
TE ..... AVERAGE ao.• 19.6 ao.• .... 7 ta.a ao.9 16.3 16 .• ,~ . aa.3 lB. 3 • ao.4 

TEl1P t£AN ""II 26.8 a6.7 as.3 a3.7 a1. 6 ao. s 19.7 :zo.9 aa.• aa.o aa.• fllll.6 

TEtv" t1EAN "IN as.o ia.< as.• n.• l4.8 l3.3 la.a aa.• aa • 14.• 14.• as. a 

TEl'IP t1EAN J>AV a;>.O aa. 1 aa.3 at. 1 19.4 aa.a 17.' 18.3 H.7 19.6 ao.a aa.a 

TE"" l1N NIGHT 18.8 17.0 ••. 'i aa.a 17.0 !S.6 as. o U.4 16'.0 16.9 17.3 18.4 

VAPOUR PRES&. u . ., 11 4 13. I 17 0 ••. s l~.a ... s ll. 4 14.' 16.0 n.o 14.6 

WIND SPEED 31'1 a. s a.a a.o 1. 1 l. II a. 3 a. s a.6 a.s a. a 1.7 1. a 

SUNSHINE x ao 7S 68 60 37 S7 47 33 64 Sl 66 6S 

TOT RADIATION ~18 SOZ7 Sl8 484 383 442 410 373 4,B 442 47S 456 

EVAPOTRAHSP. l3S l:JO t3 .. U3 97 fJ7 109 us 117 l07 ao• U4 

. 
TYPE OF GROWING &EASON · NORllAL GROMlNG &EASON Cl.41TH DIH PERIOC> 

nt 
~V DAYS : 230 INTER11. DAYS : 60 WET DAYS : 

SEASON MR : ' SEASON BECHNS ON 16 HAR. 
BEOlt# HUttlD ON 1 APR. 
HUttlD PER~OD C ~O DAY6) ENDS ON ao HAY 

ENO OF SEASON ON \ JUNE 
TOTAL LENOlH OF &EASON 16 78 DAYS 
SEASON NR : a 
SEASON BEGINS ON aCf SEP 

BEOIN HUHID ON 6 OCT. 
HUt11D PERIOD C 27 DAYS> ENDS ON l NOV 

ENO OF SEASON o~ 26 lliOV. 
TOTAL LENGTH OF BEASON If S'f DAYS 

COUNTRY : ETHIOPIA • STATION : 010"'11 
• LATllUD£: a. SB 

.JAN FEB MR APR HAY .JUN 

PRECIPITATlON sa ' 74 ,. lfJO 381 

TEl'IP. A\IERAOE ao.7 ao.• at. 3 a~o ao. s 19. a 

lE"" 11EAN HAI aa :t a9. a aa.s aa.6 as.a as. 2 

TE"" tlEAN "IN ta.a ta. 7 14.0 13.3 la. l l3.ii! 

TEl'IP 11EAN DAY a3.S a3.9 ii!3.9 a3. 7 a3. s at. 4 

TEl'IP l1N NIOHT 18.0 ts. l 18. 1 183 17.S t70 

VAPOUR PRES!l. 14.a l4 I ts.a 16. 4 18.8 lB. a 

WINO t.PEED a11 . ' I S •. 3 l. s I. S •. 3 

&UHSHIHE 'lt a9 a9 aa 61 4l 37 

TOT RADlllTION 3a1 34S 339 494 4ll • 3S8 

EVAPOTRANSP. 110 llO 116 la9 ll3 94 

TYPE OF, GROWING &EASON : NORHAL GROWING SEASON CWITH ORV 
ORY DAV& : t03 INTER"- DAV& : 79 WET OAYB : 183 
&EASON HR : 1 
SEASON BEGINS ON l JAN 
END OF SEASON OH 30 JAN. 
TOTAL LENCTH OF &EABON 16 30 DAYS 
SEASON NR : a 
SEASON BEGINS ON iii 11AR 
t::ND OF SEASON ON 31 HAR 
TOTAL LENQTH OF BEASON 18 30 DAYB 
SEASON NR . 3 
ti£A50N IECINS ON at APR. 

BEGIN HUHID ON a 11AY 
HUl11D PERIOD c184 DAYS) ENDB ON l NOV 

END Of BEASON ON l I NOV 
TUT AL U:NGTH OF SF. .. :JON 15 205 DAYS 

• 

' 

• f11Vt1BER :63360 

• LONGITUDE : .l4. 35 • ELEVATION : 2040 

JUL AUO SEP OCT NOY DEC 
273 142 a:14 198 41 4 

17. 7 19.7 18. I 19.3 "·., 19.8 
aa.4 a3.0 a3.o as. 3 a6.a a•.4 
13 0 16.4 13.2 13.2 13.6 13.2 
1'.4 ao.'9 ,., .. at. 4 aa. 1 aa. a 
16.0 18.S 16.a 16.9 17 ;. 17.a 

16.8 l9.3 16.a 16.8 .... " 14. 5 
l. 3 1. 3 1. 3 t. 3 1. 3 l. s 
31 u 43 :18 63 73 

3t.B 314 418 4H 441 oa 
90 89 '97 107 100 105 

PERIODa 

ttET . 

VEMI 
•7a 

18.7 
a3.a 
14,a 
ao.:a 
l7.0 
13.9 
a.' 

H 
460 

137• 

\Q 
~ • 

tt£T . 

VEMI 
161P4 
19.8 
a•.3 
13.4 
aa. a 
17. It 
16.4 

I. 4 
41 

395 
1a•o 
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I.3.2. Vaccine 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 

ADDIS ABABA 

I JAJI 

BUTAJIRA 

EFFESON 

EWASA 

ASAB 

Nearest Radiation 

Site 

Addis 

Baka 

Butajira 

Rob it 

Awasa 

F.A.O. Index No. 

63450 

633Si 

63439 

63346 

63460 

63023 

Spec~fy both f.o.b. and c.i.f. Addis Ababa rates. 

~) The systems ~hould be complete with refri· 

gerator, ~olar array and battery bank, and 
capable of O?eration under the given raJia­
tion and temperature parameters. The system 
.~hould be sized for 3 - S day "no sun" 
scenario. 

c) Warranties and guarantees on the system as 
a whole and individual components thereof 

(if different) should be clearly state<l. 
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d) The refrigerator capacity is to be of a minimum 

of 40 - SO litre vaccine refrigeration at WHO 
specified vaccine storage temperatures and to 

include an ice making capacity of 2 Kg/24 hours. 

e) 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 : ETHJOP IA • STATION : ADDIS ABABA IOBS. I • NUMBER :634:>0 

• LATITUDE: 'i. 02 • LONOITVDE 38. 4:; • ELEVATION : 2408 '1ET. 

.JAN FEB '1AR APR '1AV .JUN JUL AUG BEP OCT NOV DEC YEAR 

PREC IP ITAT ION 18 38 6, 84 87 13, 27ir: 286 l'fO 30 10 10 1225 

TE11P AVERAGE 1:1.3 16.4 17.4 17 4 17. 'i 16. 6 1:1. 4 l :I. 2 l :t. :t l :I. 4 148 14.7 16.0. 

TEHP MEAN MAlf 22.'f ;c.J. 'i 24.4 23. 8 24. , 22. 1 ao . .> 19.'f ao. 1 aa.o a2.a 22.4 aa.s 
TEMP MEAN MIN 7. 7 e. 'i 10. 4 11. 0 11. 2 10. 4 10.B 10.4 10.2 8.81 7.3 6.9 9. 5 

TEHP l'IEAN DAV 18. l 19. l 19.9 19. 7 20.2 18.8 17.0 16.8 17.3 17.7 17. 4 17.4 aa.3 

TEHP l'IN NIGHT 12. 7 13.8 150 1:1. 2 l :I. , 14. 3 13. 7 13. 4 13. 4 12.8 ll. 8 u. 6 13.6 

llAPCJR PRESS e. 7 9. l 9. 7 11 l 10. 7 10?. 3 13. , 13.6 12.7 
"· 4 

A.6 a.a 10.6 

w!NI> SPEED 21'1 o . ., 1. 0 I. 0 l. l 0. 7 0. , 0.6 0.5 0.6 l. 0 o. Cf 0 9 o.a 
s1;~SiilNE 1' 74 t.7 t.3 54 :1:1 40 22 27 42 69 83 84 116 

lOl' fl~DIATlON 466 477 4'f2 468 464 401 336 360 414 4'f3 50:1 484 446 

•: •.·,:>.PQ"f~~p. 93 9:1 11' 110 110 91 82 84 89 103 •o 88 1150 

TYPE OF GROWING SEASON : NORMAL GROWING SEASON CWJTH DRY PERIOD) 
ORV DAYS : 147 INTERM. DAYS : .,, WET DAVS : 123 

SEASON NR : l 
SEAS~N BEGINS ON 4 MAR. 

BEGIN HUHID ON 31 MAY 
HUMID PERICO (124 DAYSI ENDS ON l OCT 

END OF SEAS0"4 ON 8 OCT. 
TOTAL LENGTH OF &EASON 16 21¥ DAYS 

'{) 
-..:i 

COUNTRY : ETHIOPIA • STATIO~ :ALAU~ ~OLITO • NUMBER :634:12 

• LATITUDE: 7. 22 • LONOl"!"VDE : 38.06 • ELEVATION : 1850 MET. 

.JAN FEB MAR APR MAY .JUN JUL AUO SEP OCT NOV DEC YEAR 

PRC:C If ITAT I ON 32 89 'f8 124 107 64 131 128 112 48 32 5 "170 

TEl'\P AVERAGC: 19.2 20. l 20.0 20.0 19. 5 18. a 18.2 18.2 18.8 18.6 18.2 17.9 l"I 0 

TEl1i' l"IEAN t1AX 27.6 28. I 27. 7 27 0 2~.9 2:5. J 23!> 23.8 25. I 26.6 27. I 27.8 26. 4 

TEl'1f' l"IEl.N 11,N 10.a 12. l 12.3 12. 9 12.0 12. 3 12 8 12.6 12. , 10.5 9.2 7.9 11. 5 

lEl'IP l"IEAN DAY 22.2 23 0 22.8 2ct :> 22. l 21. l 20 l 20.2 21. 0 21. 4 21. 3 21. 4 21.6 

TEl1i' l'IN NllOllT tt... 3 17.3 17 3 17 5 168 lb. -I 16 2 16 l 16 4 1'. 5 14. 7 14.0 16. a 

'.'APOUR PRESS 12 7 12. 7 13.8 l4 7 16.8 16. 3 u ... 3 l6 16. 7 1'. 2 12 l 10. " 14. , 

WINO St>EED 211 o. '1 0 9 u. 9 0 9 0 9 l. l 0.6 0 0. 8 0 8 1. 0 1. 0 0 9 

SUN~HINE I. 73 73 7:S b" 64 ~3 42 • .J 4:1t 72 80 76 63 

TCJT RADIATION 4/4 :t06 !)40 :5~3 492 44;> 404 417 41' :110 !>06 471 47:> 

EllAPOTRANSP 107 107 126 119 113 100 93 9, 97 111 106 103 1::Z77 

TYPE OF GROWING SEASON NORMAL QROWINC SEASON CWITH DRY PE~IOOI 

ORY liAYS 112 INTEl\M DAYS 134 WET CiAYS . 11 't 

SEASON NR l 
SEASON BE.; 1 NS ON 29 .JAN 

BEGIN HUMID ON 4 AP~ 
HUMID PERIOD ( 34 DAYSI ENDS ON 7 MAY 
BEGIN HU'11D ON 30 JUNE 
1i1111ID PERIOO I tJ7 OAYl:il ENOti ON 24 ~E"P 

I 1<11 w '.,, A'illN UN 'I rn: 1 
TOlAL LlNGTH OF SEASON lb ~~4 DAYS 



r [ l_ 
, 

COUNTRY ; Ert:IOPIA • STATION :KULUl"IBA • NV11DEA ;U43B 

• LATITUDE 8.08 • LONGITUDE : 39.08 • ELEVATION : 2600 PET, 

JAN FEB MAR APA 11AV JUN JUL AUG SEP OCT NOV DEC YEAR 

PREC IP ITAT.101 .. 22 38 B4 60 92 BB 134 140 108 34 18 s 823 

TEMP. AVERAGE 
l '· ' 

lb. s 17.8 18.4 lB.3 17.2 u.. 2 16.0 16. l Ua. 8 u.a \S. l 16.6 

TEMP l'IEAN 1'11\IC 22.B 23. 7 24.6 24.B 24.4 23.a a1. 2 21. 0 a1.4 23.0 22.6 22.6 22.• 

TEHP 11~AN 111N a.a 9.2 10.9 12.0 12. 1 u. 2 u. 2 11. 0 10.7 10.6 9. 0 7., 10.3 

TEKP l'IEAN DAV 18. 1 19. 1 iii!O. a 20. 7 20.5 19. 4 18.0 17.B 18.0 1•.o aa. a 17. 7 •••• 
TEl1P l1N NIGHT 13.0 14.0 15. 4 16. I U10 as. o 14. 3 14. 1 14.0 14.4 13.2 12. 1 14.3 

VAPOUR PRESS. •.a 9. 0 10.a 10.6 ll 1 liii!. 4 14. 0 14. 4 14.3 12.2 a.a a.a u. a 
WIND SPEED 211 1. 3 I. 0 1. 0 0 8 0. 9 l., 1 l I. 0 o. 7 0.8 1. a o.• a. o 
SUNSHINE ':t. 64 46 S3 so 56 'B 36 43 34 ,., 74 75 H 

TOT RADIATION 439 477 4,6 4Sl 465 463 3BS 418 385 461 480 462 445 

EVAPOTAANSP. 99 '17 114 109 112 lOS 91 94 87 100 '11 ., u•6 

TYPE OF GROWING SEASON : NORMAL QROWINQ SEASON CWITH DRY PERIOD> 
ORY DAYS : 143 INTERM DAYS : 132 WET DAYS : '10 . 
SEASON NR ; l 
BEASON BECHNS ON 26 FEB. 

BEOIN HUf11D ON 28 JUNE 
HU"ID PERIOD ( 91 DAYS> ENDS ON 26 SEP. 

END OF SEASON ON 6 OCT. 
TOTAL LENGTH OF 8EA60N IB 223 DAYS 0 

a:> 

COUNTRY : ETHIOPIA • STATION :BUTAJIRA • NUMBER :63439 

• LATITUDE: 8.07 • LONQITUDE : 38.27 • ELEVATION : 2100 f'ET. 

JAN FEB l'IAR APR 11AV JUN JUL AUG SEP OCT NOY DEC YEAR 

PREC aPITATION 30 52 12e 93 120 134 194 U13 127 6 4 11 1062 

TE11P. AllERAQE 11 2 i7 6 17. B 18. 3 18. , 17 .• ao.,. 16. a 16. 7 17.0 16.6 16. 3 11.a 

lEl1P MF.AN MAX 23 0 as. l 24.41 as. l 24. 7 24.0 2a.3 2:1.0 23.2 a~.o 23.9 24.a 24.0 

TEHP "'AN !'!JN 9.3 10 l 10. 7 H.4 12 3 ll. 2 10.B 10.3 10. l 9.9 9.3 8. 4 10.3 

TE11P l'IEAN DAY ao o ao. 'l 20. 4 20 7 20. 1 19.9 18.6 18.2 19. 0 19.5 19.2 19. I 19 .• 

TE:.MP MN NlQH"!' 14 :s 15 0 1'. 3 l :S B lt. 3 1'. 3 14. 4 13.9 14. 2 14.2 13.8 13.a 14. 7 

VAPOUR PRESS. 12.2 12. 1 13.2 U. B lt. 4 l t. l lS l 14.2 
"· 4 

13.8 13.2 10.7 14.0 

WIND SPEED 211 1. 3 l .. 1. ti 1 l I. l 1. 0 \. 0 0.1 0.6 1. 4 I. :S l. 6 t. a 
SUNSt'lNE x 73 74 7S 69 b~ !t3 42 43 42 73 Bl 77 63 

lOf RADIATION 469 sot.. 538 :124 49:1 44:S 407 418 41' :Sil :S04 469 47:S 

EVAPOTRANSP. 103 103 123 ll 1 109 9:S 91 93 89 llO 99 103 1aa• 

T~P~ OF QkOWINQ SEASON . NORMAL ~ROWINO 6~ASON <WITH DHY PERIOD> 
DAY DAYS : 137 INTERt1. D" "S : :S9 WET DAVS : 16Y 

SEASON NR : 1 
SEASON BEGINS ON l:S FED 

BEGIN HUl11D ON 7 11AR. 
HVt1lD PERIOD C 24 DAYS> ENDS ON 30 MAR. 
BEQIN HUt11D ON 4 ;1AV 
HUt1lD PERIOD <147 DAV6l ENDS ON 27 SEP. 

END OF SEASON r~ I OCT 
TuTAL LENiHH SEASON IS 229 DAVS 



CJ L __ ; ,. 
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COUNTRY : ErHIOPIA • 8TATION :IMO BHEWA • NU111P :63357 

• LATITUDE: 9.07 • LONOITUDIE : 37.05 • ELEVATION : IHO ,.,, 
JNt FEI """ MIR ttAV JUN JUL MIO 8EP DCT NOV DEC YllM 

PRECIPITATION .. 29 •• 69 130 199 a .. ... Ill IS 34 •• 11a7 

TEHP. AVERAGE •••• 21. a aa.7 aa.4 21. a 19 .• 18.8 18.8 19. I &9.a 18.8 18.9 ao.o 
TEttl' tEAN t\AI a•.3 a•.• 30.9 30.S ae.2 ao.• 23.• a3.• as.o 27.0 27.1 H.11 17.4 

TE.,._ tEAN "!N 10.3 ta.3 ta.• U.3 l4. I 13 .• 13.9 13.• 13. I ti. 3 10.1 ••• 12.4 

TE~ tEAN DAV a3.2 24.3 1114.9 as.3 23.7 aa. 8 ao.s ao.• 11. a 11. 9 111.' aa.11 aa.• 

TE ..... NIGHT 16.6 ta. I 18.7 , ... 18.6 17.4 •••• 16.8 .. 16 .• 16.I 15.4 as.a 11.a 

VAPOUR PRE88. ti .• 13.0 111.7 13.0 16.4 17. I 17. I 17.4 11.2 14.9 11.e 11 .• 14.6 

WIND &PEED a" 1. s I. 7 1. 7 i. 6 I. I i. a I. a I. I '·a ••• •. 7 I. 7 • •• 
lkJNSHINE 1C 70 67 60 64 80 43 23 H 40 •4 76 74 H 

TOT RADIATION 452 477 480 506 446 412 340 3•7 407 475 481 4H 441 

EYMIOTRANSI'. 121 126 ISi 150 126 •• 92 ... •• Ul3 &16 117 1413 

TVPE OF QROWINQ BEASON : NORl'\AL OROWINQ BEASON CWITH DAY PERIODt 
DRY DAYB : 192 INTc;;R". DAVB : 31 WET DAVB : 138 

SEASON NA : l 
BEASON 8EiUN8 ON 21 MIR. 

IEQIN ~ID ON 14 ttAV 
t«MID PERIOD 1139 DAYlt ENDS ON 29 &EP. 

ENll Of' BEAdON ON II OCT. 
TOTAi.. LENOTH OF 8EA80N 18 174 DAVI 

COUNTRY : ETHIOPIA • STATION : CU"'I • NUt11P :63318 

• LATITUDE: 9.05 • LONO ITUDlt : 35.47 • aiYATION : 1870 tWT. 
~ 
~ 

JNt FEI """ MR ttAY JUN JUL MIO liEP DCT NOV DEC VKAR 

PRECIPITATION s a 34 99 234 34S 373 ='"' 299 127 38 • 1920 

TE... AVERAGE 19.6 21. 4 aa.a ;u. • 20.6 lB.6 17.• H.4 18.7 19.7 19.6 ao.a 19.9 

TE.. tEAN ttAI 26.3 28.4 29. I 28.I 27.1 H.4 24.1 24.4 14.8 as.• 17.0 27.9 a..9 

TE .. tEAN HIN aa.11 14. 3 ts.a 14. 6 13.7 1a.1 .... 1a.4 12.e 13.7 aa. t 12.9 13.a 

TE .. nEAN DAY aa.o 23 .• 24. 7 24. I 23. I ao.7 .ao.a ao.9 ao.• a1. e 111.11 u.a aa.11 

TE .. t'9I NIGHT 11.a ... ., 19. 7 19. I 18. I 16.4 15.6 16. I 16.3 17.3 16.6 17. 3 17.4 

VAPOUR l"REU. 10.9 aa.o 12.8 11.9 ••. o 17.8 17.6 •••• 17.9 1•.7 11.0 13.1 11. 3 

WIND SPEED IH I. l I. 3 l.4 a. 3 0.9 0.1 a. a o.9 0.9 I. I I. I a. I I. I 

8UN8HINE 1C 77 1S :93 67 42 32 23 II 43 H 63 7:1 :n 
TOT RADIATION 475 :tt·l: 454 117 416 371 340 311 418 4S7 438 449 429 

EVAPOTRANSP. 106 116 135 133 108 87 86 H H 107 IOI lO• 12.:1 

TYflE OF 8ROWINQ BEASON : NORttM. 8ROWING 8EA80N CWITH DAY PERIOD) 
DRY DAYB : 162 INTER". DAYS : 30 WET DAYS : 173 

SEASON NR : l 
SEASON IEOIN8 ON 19 MIR. 

IEOIN t«MID ON 29 APR. 
HUttlD PERIOD Cl74 DAV8) ENDB ON 19 OCT. 

END OF &EMION ON 8 NOV. 
TOTAL LENGTH OF BEASON IB 204 DAYS 



COUNTRY . ETHIUP IA • STAT IOI~ GC.tlA TSION • NUMBER :63345 

• LATITUDE 10.02 • LONGITUDE 38. 14 • ELEVATION : a550 t£T 

.JAN n:o MAR APR MAV JUN .JUL AUO SEP OCT NOV DEC YEAR 

PREC IP ITAT ION 2 11 2b 40 131 146 a91 245 144 33 ao • 1o•n 

TEMP AVERAGE lb 4 17 4 18 a 18 b 17 9 lb.8 14 5 14.2 15. l 15.11 15. 0 14.D Ha. a 

TEMP MEAN MAX 23 l ~4 3 248 ~5.2 23. 9 ~2. 1 1a 8 18 4 ao.o a1.' a1.2 a1. a aa. 1 

TEl"\P l'IEAN l'llN 9 b 10. , 11 5 12 0 11 9 l0.8 10. l 10.0 10. l lO. l a. 7 7.8 10. 3 

TEMP MEAN DAV 18 8 19. 9 i&!O b 21 0 20 l 18. 9 lb 0 15. 7 lb.8 17.8 17.2 17. 3 18. 3 

TEMP MN NIGHT 14. l 15 l 15 " lb 3 15 a 14.b 12 e 1a.b 1J. l 13.b ta. ' 12.0 14. 0 

VAPOUR PRESS 9 3 9. 1 10. 2 120 10 7 ta. 4 12 1 12. a la.3 9. 7 a. 1 8. a 10. 7 

WIND ~PEED 2M l 7 1 8 1. 8 1 e 1. 1 l. 4 l 2 1. 3 l .• a.a a. 2 1 .• 1. 7 

SUNSHINE 1' 69 b7 55 ::ib ::i5 '43 25 25 40 64 83 1• 55 

TOT RADIATION 443 472 4b0 47b 467 415 349 354 40b 47a 498 461 43'i 

EVAPOTRANSP. 103 106 127 124 120 100 86 86 'i4 112 102 96 1256 

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

DRY DAYS : 202 INTERl"I DAYS : 22 WET DAYS 141 

SEASON NR : 1 
SEASON BEGINS ON ao APR 

BEGIN HUMID ON 10 MAY 
HUMID PERIOD (142 DAYS) ENOS ON ;;za SEP 

ENO OF SEASON ON 6 OCT 
TOTAL LENGTH OF SEASON IS lb4 DAYS 

COUNTRY ; EHtlOPIA • STATION .HOBI • NUMBER :63346 

• LATITUDE 10. 01 • LONGITUDE : 39. 59 • ELEVATION : 1300 l'IET. 
I 

.JAN FEB l'IAR APR MAY .JUN .JUL AUQ SF.P OCT NOV DEC YEAR f-' 

PRECIPITATION 62 lb4 72 lb9 124 178 195 a95 9iil 4a 3lt 40 l46B 0 

TEMP AVERAGE ao. 3 21 4 23. iii 23 9 ~4 9 'fl7. iii iil4.4 ii13. , ii13. 6 a2.7 ao.9 1411. 6 a3 o 0 

TEMP MEAN MAX iilB. o 20. 8 30.8 30 9 32. 6 37. 3 31 9 JO. 1 30.6 30.7 a9.0 iii&. 0 30. 7 

TEMP l'IEAN "IN liil. 6 140 IS. 5 U1 B 17. l 17. l lb.8 16. ' 16.6 14.6 12. 1 ll. ' 15 iii 

TEMP MEAN CAY ii13. 1 24. I 25 9 46 4 27.6 30. 8 27. 1 ~5.9 26. l 25.:t a3.7 2a. s a5.7 

TEMP MN NIGHT 17. 7 18 9 20 ' 21 4 22 l 23. ' 21.S 21. 0 20.9 ... , 17.6 16. it ao. t 

VAPOUR PRESS. 13 3 15 e 13 9 178 16 4 17. 3 16.2 18.B 18. 1 15. 4 13. l 1a. ' 15. 1 

WIND SPEED 2M 0.9 0. 9 1. 0 l 0 l 2 l. 5 t. 3 1. 0 0.8 o.• 0.9 t. 0 l. 0 

SUNSHINE 1' 73 74 biil 61 64 53 32 49 , .. 73 83 77 62 

TOT RADIATION 456 497 486 495 501 4lt:2 375 444 459 504 498 45' 468 

EVAPOTRANSP 105 106 137 133 1'0 u.o 137 126 121 129 110 103 1:117 

TYPE OF GROWING SEASON NORMAL GROWING SEASON <WITH DRY PERIOD> 

DRY DAYS : 127 INTERM. DAYS : 80 WET DAYS 158 

SEASON NR l 
SEASON BEGINS ON 13 .JAN 

BEGIN Hut1ID ON 29 JAN. 
HUMID PERIOD ( 31 DAYS• ENDS ON 28 FED 

END OF SEASON ON 10 MAR 
TOTAL LENGTH OF SEASON 15 ~1 DAYS 

SEASON NR 2 
SEASON BEGINS ON 24 MAR 

BEGIN HUMID ON I APR 
HUMID PERIOD ( 31 DAYS> ENDS ON l MAY 

BEGIN HUMID ON 2 .JUNE 
HUMID PERIOD ( 99 DAYS> ENDS ON 8 SEP 

LNU Of SEASON ON 22 SEP 
TOTAL LENGTH OF SEASON IS 103 DAYS 





COUNTRY ETHIOPIA • STATION : ASMARA • NU"BER :63021 

• L"TITUDE: 15. 17 • LONQITUDE : 38. II • ELEYl!ITIDN : 2325 ttET. 

JAN FEI 11AR APR 11AV .JUN JUL AUG BEP OCT NOV DEC YEAR 

PRECIPITATION 5 3 10 30 21 41 194 ··u.a 161 13 211 D Da:S 

lE11P. AVERAGE 15 0 l 5. 9 17. 3 18. 1 UI. 5 ltl. 3 lb.7 17.0 l•.• u .• 14 •• 14.7 l•.6 

TEl'\P t1EAN t1AX aa. 7 23.7 24.9 25. I 24. 9 25.a a1. 8 aa.o a3.a iU. D a1. 3 aa. • a:a. lil 
TEMP t1EAN t11N 1. a B l 9.7 u. l sa. 1 1a.a ii. 8 u. 8 10.8 9.8 ·a.D 7.D lO. l 

TEMP t1£AN DAY 17. E: &8. 1 ao. a ao.• ao.8 ;u.o aa.• 18.7 H.2 17.7 17.' l7.a 19.0 

TEt1P 11N NIGHT aa. 4 13.4 .... 15.7 i•.a lb.3 14.9 14.9 14.• 13.3 12.!I u. 7 &4.a 

VAPOUR PRESS. 6. 7 7.2 7. 7 10.3 10.0 9.6 13. 1 13.a l0.8 10.ll 10.3 •. 9 9.9 

WIND SPEED 2t1 1. 5 1 .• 1.7 I. 8 a. o I. 9 t. 8 I. B I. 7 a. l .•. 4 ' I. 3 a. 1 

&Ul~BHINE "3' 'l:J 71 88 88 ~:.! 87 73 •9 84 93 • 90 91 81 

TOT RADIATION 471 44~ 55• 1811 612 589 530 · DlO HI D41 47D . '°" D27 

EYAPOTRANSP. 91 98 131 131 141 l3a 114 113 114 104 ' 78 76 1323 

TYPE OF OROWlNQ SEASON : NORl1AL QROWINQ SEASON <WITH ORV PERIOD» 

ORV DAYS : 294 INTER". DAYS : 11 WET DAYS : bO 

SEASON NR : 1 
SEASON BEGINS ON 23 .JUNE 

BECHN HU"ID ON 30 JUNE 
HU"ID PERIOD C fal Dl!IY6) ENDS ON a9 AUG. 

END Of" SEASON ON 2 SEP. 
TOTAL LENGTH OF SEASON 18 72 DlllVB t--' 

0 
I\) 

I 

COUNTRY : ETHIOPIA • STATION :t1A6SAWA • NUMBER :63023 

• LATITUDE: 15.37 • LONGITUDE : 39.27 • ELEVl!ITIQl\J : 10 .. "'. 
\ 

JAN FEB """ APR t1AY JUN .JUL lllUQ SEP OCT NOV DEC YEAR 

PHEC IP JTAT ION 30 31 17 14 b 0 5 7 3 UJ •• 35 181 

TEl'IP. AVt::AAQE 25. 5 25.3 26.7 28.6 30.8 3;i a 34. 5 34.4 32.• 30.9 aa.4 26. l'J a•.• 

TEMP t1l:.AN t1AX 28 3 27.9 29. 5 31.,. 33.8 3b. 7 37. 7 37.8 3b. I 33.8 31. D 29 .• 32. 8 

TU1P t1EAN t11N 22 7 a2.6 23.9 a5. 1 27.8 29 l aa. 2 31 .• 29.9 as. 1 1ii15. 4 23.7 2•.B 

TEl'IP t1EAN DAY 2b 5 ab.a a1. 1 a•. 1 31. 9 34.3 35. 6 35.B 34. I 3il.O 29.tt 27.1 30.9 

TEMP MN NIGHT 24 • 24.4 25.8 27.6 29.7 ::u. 5 33.iil 33. s 31. 8 29.8 21.a 25.4 28.7 

VAt>OUR PRESS 24. ) 24.I as. 3 as. 5 30. 1 27. l 28. 5 30.S 30.4 28.7 a•.7 21'1. • 27. 5 

w mo SPEED '" a a 1. 4 I. 9 2 3 2. 0 1. 9 , . 9 3. 2 a ' a.3 liil.O a.o a. 1 

SUNSHINE lC. 65 bO 1a 83 78 ea 1a 7• ea 81 79 78 75 

TOT r«iliDJATJON 300 405 493 5b8 5:)5 ~b9 526 139 142 496 438 405 493 

EVAPOTRANtiP. aoo 99 143 lb8 104 l'il4 203 22S 191 170 lil9 ua 1933 

TYPE OF GROWING SEASON ALL YEAR ROUND DRY 

DHV DAYS : 3b5 INTERl1. DAYS : 0 WET DAYS 0 
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I.3.3. LIGHTING 

This portion of the project is a technical report 
on sol4r 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 fu.rther 
funding, The rJNESCO advisor is also involved in the 
World Bank evoluation for a further 200 schools and 
this lighti~g 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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~ 1. Survey Sulon;o ry 

llADIATION STATIO" UllCt1I or 
IUllCET OOST IYSTrll SYSTIM TRACKING OUTPUT PUlll' ADAY FAD INDEJI DIOP CASU IUDCET IUDCIT IUDCET AlllAY ' l'.l!UIPllUll' UGI<* S l TI POPULATION 

CAil.i PIMP CXISr HEAD .H' HODULI COIT STAllD OOST TOTAL f .o.111 • ·----·-
GO!IDd llnEllA Vtlla&e I I Ul6 so., FIXE.ll 15• TILT 9.1 sr1-2a 1 • 4 "ETDIA I 6ll U 1,. $692.U '2176 S90U.l0 $1100 South $1))1J.55 

FIXED 20° TILT 9.0 .. " " " " South 11100 $1Ull.5S 

FIXED 15• TILT 11-1 .. 
" $1100 North unu.ss 

DOUBLE AXIS 12.6 .. " " " lla11uellr too SllSIJ.55 
-IZ(N-S) AXIS 12.2 c..,Ucated . (LIHIT ANGU: 10°) 

" " " '2200 •u~u.,, 
llOllZ(N-S) AXIS U.9 - -
(LIHIT ANCLI 45°) 

" f2116 19015.lO '2200 fU61l.5' 

llDDlt. "fUlaae I 2 1100 so. FUED IS" TILT 19. l SP2-ll 1 x 4 l:ISS KlTDtA ' 6))14 l511 U2l.OS f:Sl9 f90U.l0 SllOO tt)027.JS 

so. HOltlZ(N-S) AXIS 25.2 " " ,,. un.os USlt f90!S.l:> U2oo flUZ1.JS I-' 
t461.SO 0 

NnD1A Vtllaae I l 10)1 S2• FIXED 15° TILT 11.6 " .. " 50. •nH f9015.l0 fllOO Ullt.5.IO --4 

sz. HOltlZ(N-S) AXIS 24.l " " '°" f46l.SO USlt •~o·s.JO 0200 fl4J65.IO 

llSTlllA 14, lOllT 1019 10. FIXED Is• TILT 9.4 SPl-21 1 x 4 IUS HrrD'IA IS. f114.S5 0116 f9015.JO $1100 UJ675.95 

10. HORIZ(N-S) AXIS 12.2 sr1-21 " ·- f714.5S U776 •toU.lO 0200 tuns.n 
SllCD 554 17• PIXIJl IS• Tl LT 62. l SPl-4 1•4H55 Hf:TIMA 27• '24'.21 USlt ftOU,)(I tllOO tUtol.Sl 

17• llORIZ("-S) AXIS sa.2 SPl-4 1 • l IUS 21• '24t.2l USl9 f6761.41 "''° Sllltt.H 
11. .. .. 81.2 SPl.4 1 • 4 "" 21• '249. 2l ~Ult f901S. l0 snno SUOOJ.57 

JI]~ •ETIMA 1500 41.0·· FIXEO 15° TILT 22.s SP2-ll 1 • 4 "" HETEl'IA .,,. UH.20 USO '9015.)0 SllOC Ul029.50 
41 O·· llOUZ(N-S) AXIS 29.0 SPZ-11 1 • 4 "" 

.,. no.zo fU45 f6i61.41 U6SO SllUS.61 
SIUllDI llUllCATION 22. FIXED 1~• TILT 45.S SP4-1 1 • 4 "" 40. uu.zo US45 0015. JO 12200 114129.)f.I 

llORIZ(N-S) AXIS 46.6 SP4-I 1 • l HS) 40. f41S.l5 0519 $9015,JO fdOO $U075.65 
S7 .II sr•-• 1 • 4 "" 40. $415,JS $2589 $9015.J& $2200 fl4ll9 6S 

OlJAM ClllA 90.. flU.D IS" TIL"? 8.S SPl-28 
1 • 4 "" 

HETDIA 1()0• $923.- $2716 $90U. l0 fl 100 $11814.)0 
llOMll(N-S) AXIS 11.0 SPl-28 i x 4 100. Stzl.- $2776 $901). )0 uzoo $14914. lO 



UGION S l T £ 

I i.UJllA80! llAllA Al()L Ol 
l'lNt.:AO \111.1,\IJ'S 
s. ~ ~ J 

SllDIA 

GN4.f 
COFA 

UllAL\ V 111 Age t6 
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(CtlliAtDl) 
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t\ 9SO 
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WACH'ti:A IUSllA a) llllat tn1 Olatr 
sooo 

b) On Point Dtatt 
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llAOEW 
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H 
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80 

60 

60 

80. 
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46 
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TRAci INC O\ITPUT 
11• 

PUKI' 

r1nn l\ 0 TILT 16.6 SP2-ll 

UOMIZ(N·S) IJll5 21.• SPl-11 

FIXED Is• TILT 1.4 SPl-21 

110RIZ(N-S) AXIS t.t SPl-21 

llORIZ(N-5) AXIS 11.6 sn-1• 

FIXED IS ' Tl LT l2.I SP4•1 

ltORlZ(N-5) AXIS ll.5 Sh-I 

U.2 SP4-I 

FIXEI> IS" TILT 16.t sr2-1e 

UORIZ(N-S) AXIS J2.6 SP2-ll 

FIXED u• TILT 16.t sri-11 

llORIZ(H-5) AXIS J2.6 SP2-ll 

FIXED IS" Tl~T 1.1 SPl-21 

ltORl2(H-5) AXIS I 1.5 SPl-21 

flXEll IS" TILT lA.1 SPl-11 

HOllZ(H-5) AXIS 19.6 SP2-ll 

FIXED IS" TltT 9.2 SPl-21 
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FIXEC u• TILT 20.2 SP2-ll 

HORIZ(N-5) AXIS 26.) SPZ-11 

FIXED IS' TILT 11.5 SP2-ll 

llORIZ(N-S) AXIS 24.1 SP2-ll 

flXED IS' TILT )0.t SP4-I 

llOllZ(N-5) AXIS 40.6 SP4-I 

•·1xr.o 1s• nu n.t srz-11 

ltl\Rll(N-S) AXIS 10.J SP?-11 

.. l ,,_......, 

IW>IATIOM STATION L!llGTH or ' l"ITDI 
AJlllAY FAO INDIX HOP CAILI IVDCET COIT IUl>CET llllGn IUllCET ADAY IQUIMJrf 

_t:_·_· •-- CAILI PtllP COST te:IDULI COIT nll!ID COST 'IOTAL f ·•· • • 

' 4 CAlllELLA I 6J)J1 

1 • 4 

• 4 AIOIO ' 6l44S 

1 • 

1 • AIOIO ' 61445 

' 1 • OCOU.llA I 6 )440 

1 • 

1 • 4 

1 •• CIDOLI I 6)521 

1 • 4 CIDOLI 

1 • 4 CIDOLI 

1 • 4 CIDOLI 

1 K 4 SODO , 6104 

1 • 4 

1 • 4 

1 • 4 

7 K 4 HAllEll ' 63'70 

7 ~ 4 .JIJICA I 6)67) 

1 • 
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60. 
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90. 

90. 
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,,. 
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40. 
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... ,.1, 
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U>5.)4 

U25.l4 

t507 .65 
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'501.U 

$501.6~ 

'692.25 

$692.25 

$461. 50 

$461. 50 

$491.42 

149'.U 

U69. 20 

$)69. 20 

$169.20 

069. 20 

'2519 

U51S 

U116 

U176 

U519 

usu 
usu 
usu 
f2519 

t25H 

USH 

0519 
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0116 

'2519 

0519 

U116 

U176 

$2519 

U589 

$2589 

$2519 

$2545 

$2545 

$2519 

$2589 

ftOU.30 

ftOU.JO 

ftOU.lO 

ttOIS.JO 

'9015.)0 

ttoU. JO 

H7'1.41 

ttolS.lO 

ttol5.30 

ttOU.lO 

'9015.lO 

ftOU.lO 

ttOIS.30 
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ttOU.lO 

ttOU.lO 

ttOU,JO 

11 lllO 

'2200 

fllOO 

'2200 

tUOO 

fllOO 
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U200 

fllOO 

fUOO 

fllOO 

0200 

fllOO 

U200 
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f 1100 

U200 

0100 

0200 

0100 

$2200 

11100 

nioo 

SllOO 

U200 

tUUS.10 

flUSl.10 

tnna.oa 

fUIU.00 

tl051.10 

fU015.65 

fll)1l ,IJ 

'14115.65 

out>.4t 

f142tJ ., 

tnnt.64 

flO>t.66 

,.,,, •. o 

'""" 
flJZI I.~, 

fl4Jll .H 

IU51l.'5 

1146'J.'5 

tu1n.ao 

flU65.IO 

uuoa.12 

fl&lOI, '2 

fU02t.50 

uuzt.50 

IU01J.50 

tUIJJ.50 
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CAD 

lllU 

llAll"-'A 

WAIJ>tlt WELL . fl 
(!'ilota open 11te!~) 
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l'lAD 
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l2 
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JO 

61 

61 
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24 
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nent Settle~nt SO.O 

2000 50.0 
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20\JO 80.0 
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.--,_., 

RAOIATl\JM STATION LEWCTll or IYSTDI 
T:tACU NC OUl?UT ~U~I' AMAT PAO I NUt:x P'OP CAIL! MJl>(;tT COST llJSX.ET IUDCET IUDCr:? AOAY IQUlftllllf 

-----'-'"-'------·-·-----------·------ -- 1:~11.t: ----~·~~~:o_~r MODULE COST ITAllO COST !OTAL f,e.~. 
rlXlD IS' TILT )) SP4·8 

JIORIZ(N-S) AXIS 4).) sr4-I 

FIXED U' TILT 16.1 SP2-la 
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FIXlD as• TILT la.4 SP2-la 1 • 
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IECtOll 

UDIATION STATION 

SYSTl:M OUt1'VT PUIG' AalAT FM JNDDI 

SI T t POPULATION HEAil Tll.ACll I llC "' 
CMIUllGO S•••on•l 19.0 FIXED U" TILT 1.0 IPl·21 1. 4 Kr.cA l6lS4S 

11A:A 

lt>t•· 

No 1 

11.0 llOIUZ(ll-S) AX!S 10.1 lfl-21 . . " 
Seaaon11l 21.0 ru:m .,. TILT )1.1 IP4-I 1. 4 MECA " 

..... 20,000 
21.0 llOllZ(ll-S) AXJS 4t.S IP4-I 1. 4 . . 
21.0 .. " n.t ll'4-I 1. l " " 

The array ls •ade up of ARCO solar MSS •odules for this output/cost au .. ary. 
The f!aure of 7 x 4 or 7 x l represents the nwaber of •odules in series 
(lst f11ure) •ult1pl1ed by the nomber in parallel. Hence, 7 x 4 represents 
an array of 21 •odules with each block of17 series vlred •odule~vired in parallel. 

2. The costs are based on esti•ates relevant to tender estl•ates. They account 
for volU11e reductions and relevant "•arlcups" (there are no •anufacturers who 
produce both p.v. •odules and pumps). 

l. The costs are strictly confidential and are fur UNJDO internal consu.ptlon alone. 

4. At every site visited tlie veils ••re cased with a •inl•wa if 6" dia•eter casina 
(steel or pvc); the wells had also been screened. This uniformity of caslna 

...... 1,_. 
(6" or 10") and the choice of a.c. sub•erslbles up to I. S rw ran1e accounts for 
the o•ittlna of site casina details. 

S. The water outputs are •aximiscd usina tracklnc approach. For sites such as 
Dalo ~tekala, with output of only I. 7 •'. E.11.W.C.A. • co-unity dlalo1ue •ust 
occur before installation. Is •ini•u• daily potablo water better than lntcr•lttent 
water (in this case their cxlsting gcncr:uor h'1S been Jown for so•c l •onths wJth 
• ·~~rlc fu•c •al£unction)~ 

LDl:11I or 
DIOP CAILI 1uocn con IUOCET 

CAIL& PIMP COST 

7511 .. u.u fU16 

7511 '"ti.ZS SU16 

,,.. nn.os USO 

I• un.os fUO 

uu.os ttSO 

lllDCET IUDCft MaA1 
HOllUL& COIT ITAlll COIT 

••on.JO tllOO 

ttoU.JO fZZOO 

ftoU.JO tllCIO 

"11s.JO szzoo 

f'761.41 '"'° 

"""' mQllllllllT 
IVIAL f.e ••• .. ,,.,,,, 

•a&41J.H 

lllfl>.>5 

11401>.>5 

fll21t.S> 

I-' 
I-' 
0 
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NOTES ON N.W. REGION - GONDER AND GOJAM 

In Gonder the excellent sites at Metema were visited 
(see survey records). 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 5udan. Information on the wells here should be 
provided to E.N.E.C. for evaluation. 

In Gojam the large 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 in 
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. 
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NOTES 

Metema 

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

2. 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.. 

3. 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. 

4. The standardisation of equipment in the Metema wells 

is i;ommendable. 

5. 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 th~ hills above the army/RCC compound. 
A well with a good yield, 10 L/S, 45 meter deep and 
a 2"!" pipeline with Shanzi DVA 1500 generator and 
Bornemann 14.4m 3 /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 a 
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 villages with fuel from 
Shehdi is compounded by a poor road system. 
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Installation sites: 

Gonder: 

1. Met em a village 1 

2. " " 2 

3. " " 3 

4. " " 4, Kobit 

s. " " 4' K,,bit 

6. Kwner 

7. Johannes Ketema 

8. Shehdi (Gandawuha) irrigation site 

9. Kwner i rri ga t ior~ site. 

Pump allocation at sites not visited. 

1. Guba ( Go jam) 

2. Humera 

3. " 

hydrogeological and system head 

data avail ab le. 

RCC wells, no information 

available yet. 

" 



Location 

Radiation s'tation: 

Population: 

No. of wells: 

Wells: aquifer type 

depth 

yield 

drawdown 

· Pumping uni ts: 

motor 

pump 

no. of hours of operation 

fuel -:onsumption 

Distribution: pipework 0 

length 

storage 

Array location: 

Design: 

- 115 

Metema Village No. l 

Metema 

1236 

1 

Weathered Basalt 

60m (originally drilled 78m but partial collapse) 

- pump at S7m 

l.S L/S. 

Slanzi OVA 1030 

Bornemann Mono, 7.2m3/hr 

1 1/2 hrs/day 

2 litres/day 

2" 0 

240m, elevation + 13.4m 

4m3 tank (Top 3.6m above G.L.) 

Some tree clearing required, 

Foundation on good soi. with aggregate available. 

1 L/S TOH ::: Si • 1:. -t + 3. 6 + 2. 4 

::: i5.4m 

= i6m 
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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 WAT!ll PUMPING 

DATE: 7DEC86 
OPER: DJS 

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

LATITUDE: 12.95 DEG N LONGITUDE: 36.07 DEG E 
Gll011ND REFLECTANCE: • 20 ( J) --- --- --- --- --- --- --- --- --- -~- --- ---

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

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 
7 (S) X 

3.05 A. @ 17.4 V. 
4 (P) • 28 TOTAL 

---------PUMP SYSTEM--------­
Grundf os SPl-28 
102 VDC 1500 W XX-4 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM READ: 

9.1 CU.M 
80.0 M. 

----------SYSTEM DESIGN ANALYSIS----------

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 ~A 8.6 
JUN 484 454 27. 8 NA 8.0 
JUL 4 7 7 452 26. l NA 8. l 
AUG 414 405 26.0 NA 7 . l 
SEP 479 489 26.0 NA 8.9 
OC'l' 511 552 2 7. 3 NA 9.9 
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 WEATBFR CONDITIONS AND ADEQUACY OF INSTALLATION AND HAINTENA~CE. 



( j 

. ' 
-~ 
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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 l 

DATE: 7DEC86 
OPER: DJS 

INSOLATION DATA LOCATION: METEMA ETHIOPIA (User Supplied) 

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

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

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

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

AS INC M55 
7 ( S) X 

3.05 A. @ 17.4 V. 
4 (P) • 28 TOTAL 

---------PUMP SYSTEM--------­
Grund f o s SPl-28 
102 voe 1500 w xx-4 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

11.9 Ct:.M 
80.0 ~-

----------SYSTEM DESIGN ANALYSIS----------

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 NA 11. 5 
JUL 477 588 26. l NA 11. 5 
AUG 414 507 26.0 NA 9. 9 
SEP 479 607 26.0 NA 11. 9 
OCT 511 664 2 7. 3 NA 12. 6 
NOV 497 654 27.9 NA J. 2 . 3 
DEC 465 613 27.5 NA 11. 4 

NO'rE: TRACKER LIMIT ANGLE IS 45.0 DEGREES FROM THE VERTICAL POSITIO~. 

PERFORMANCE OF SYSTEM A·r 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 

- UR -

Metema - Village 2 

Metema 

1100 

1 

Basalt 

24m (pump at 2lm) 

10 L/S. 

Slanzi OVA 1030 

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

no. of hours of operation 3 hrs/day (because of no storage) 

fuel consumption 

Distribution: pipework 0 

length 

storage 

Array location: 

Desi~n: 

2" 0 

700m, elevation• 8.03 + 7.40 - 15.43 

not yet installed 

at ~ell head, aggregate available, good 

found at i ~m. 

~fax Q == 5 L/S 

TOH = 21 • 15.43 + 14 

= SOm. 



, 
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DESIGN PROVIDED BY: Solar Electric International 
STAND-AL0~1E SYSTEM DESIGN PROGRAM (PV/WATER POMP) 

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

CUSTOMER: UNIDO SURVEY 
ADDRESS: ETHIOPIA 

DATE: 8TH DECEMBER 1986 
OPER: J GOODMAN 

APPLICATION: AC WATER PUMPING 
--- --- --- --- --- --- --- --- ---

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

LATITUDE: 12.95 DEG N LONGITUDE: 35.07 DEG E 
GROUND REFLECTANC"E: . 20 (J) --- --- --- --- --- --- --- --- --- --- --- --- --- ---

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

WIRING INFORMATION: 60 FT. ·cROUND 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) = 2& TOTAL 

---------PUMP SYSTEM--------­
Grundf os SP2-18 
XX-5 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

19.4 CU.M 
50. 0 l1. 

----------SYSTEM DESIGN ANALYSIS----~-----

FLAT PANEL MEAN AIR RAIN~ALL AVG. 
MONTH LANG LANG TE11P CC) (AVG. 1-l.'1) CU.M/DAY 

JAN 457 527 26.9 NA 20.2 
FEB 514 566 29.6 NA 20.7 
MAR 535 557 20.1 NA 20.3 
APR 554 548 28.9 NA 20.0 
MAY 516 493 28.7 NA 18.4 
JUN 494 465 27.8 NA 17.7 
JUL 477 453 2&.l NA 17.6 
AUG 414 406 26.0 NA 1~.7 
SEP 479 489 26.0 NA 19.2 
OCT 511 551 27.3 NA 20.9 
NOV 497 566 27.9 NA 21. 2 
DEC 465 545 27.5 NA 20.6 

NCTE: ARRAY TO FACZ TRUE SOUTH 

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL Vlu<.Y DEPENDENT 
UPON WEATHER CONDITIONS AND ADEQUAC·i· OF INSTALLATI0N AND MAINTENANCE. 



i, 
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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 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING 

NOTE: VILLAGE 2 
INSOLATION DATA LOCATION: METEMA 

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

DATE: 8TH DECEMBER 1986 
OPER: J GOODMAN 

(User Supplied) 

36.07 DEG E 

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

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

------------ARRAY------------
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 ( S ) X 4 ( P ) = 2 8 TOT AL 

-----PUMP SYSTEM--------­
Gru:!df os SP2-18 
XX-5 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

25.2 CU.M 
50.0 M. 

----------SYSTEM DESIGN ANALYSIS----------

MONTH 

JAN 
FEB 
MAR 
A~R 
t1AY 
~TUN 
JUL 
AUG 
SEP 
OCT 
NOV 
DEC 

FLAT 
LANG 

457 
514 
535 
554 
516 
494 
477 
414 
479 
511 
497 
465 

PANEL 
LANG 

598 
670 
686 
696 
638 
607 
584 
501 
601 
660 
651 
611 

t-1EAN 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 

RAINFALL 
(AVG. MM) 

NA 
NA 
NA 
NA 
NA 
NA 
N.U. 
NA 
NA 
NA 
NA 
:~A 

AVG. 
CU.M/DAY 

24.4 
26.1 
26.6 
27.0 
25.5 
24.8 
2"1 . 4 
21. 2 
25.2 
26.6 
25.9 
24.5 

NOTE: TRACKER LIMIT Ai~GLE IS 45. 0 DEGREES 'PROM THE VER.TICA:. POSITION. 

PERFORMANCE OF SYSTEM AT INST.'l.Li..ATION SITE Wl LL VA.RY ;)£PENDENT 
UPON WEATHER SONDITIONS AND ADEQUP.CY OF Il':ST.-'.LLATI0N AND MAINTENANCE. 



Location 

Radiation station: 

Population: 

No. of wells: 

Wells: aquifer type 

depth 

yield 

drawdown 

Pwnping units: 

motor 

pump 

no. of hours of operation 

fuel consumption 

Distribution: pipework 0 

length 

storage 

Array location: 

Design: 
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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 

2" 0 

350 metres, elevation + 8.Sm 

Well is adjacent t~ river course, a 

tree will have to be removed. 

Q max = 1.5 L/S. 

TOH = 36 + 8.8 + 7 

= 51. 80m 
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DESIGN PROVIDED BY: Solar Electric International 
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WA!ER PUMP) 

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

CUSTOMER: ONIDO SURVEY 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING 

NOTE: VILLAGE 3 
INSOLATION DATA LOCATION: METEMA 

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

DATE: 8TH DECEMBER 1986 
OPER: J GGODMAN 

(User Supplied) 

36.07 DEG E 

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

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 
7 (S) X 

3.05 A. @ 17.4 V. 
4 (P) = 28 TOTAL 

----------PUMP SYSTEM------ --­
Grundfos SP2-18 
XX-5 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

18.6 CU.H 
52.0 M. 

-----------SYSTEh DESIGN ANALYSIS----------

FLAT PANEL t1EAN AIR RA1:NFALL AVG. 
MONTH LANG LANG TE:1P ( s) lAVG. t-!M) CU.M/DAY 

JAN 457 527 26.9 NA 19.5 
FEB 514 566 29,6 PA 2'."J. 0 
MAR 535 557 30.l NA 1':1.6 
APR 554 548 23.9 l·1A 19.3 
MAY 516 493 28.7 NA 17.7 
JUN 494 465 21.e t~A 1 7 ~ 1j 

JUL 477 453 26.l rt\ l E . i3 
AUG 414 406 Zo.'J l'J.~ l 5. :.:; 
SEP 479 489 26.0 N.\ lP ..l 

OCT 511 551 27.3 tr A 20.2 
NOV 497 566 27.9 NA ;;(J . ::, 

DEC 465 545 27.5 tE l 9' ::· 

NOTE: ARRAY TO FACE TRUE SOUTH 

PERFORMANCE OF SYSTEM AT INSTALLATION SIT:~ WILL V />.RY DEF FU DENT 
UPON WEATHER CONDITIONS AND ADEQUACY ()!" INSTALLATION A:;D MA:::lr:'S~: ·~::CE. 
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LES!GN PROVIDED BY: Solar Elec::-.ric !nternat:.cna~ 
STAND-ALONE SYSTEM DESIGN ?i:GG~.W (PV/WATEii PUMP) 

{SASY/M Ver 5.0 Z/20/36) --- --- --- --- --- --- --- --- --- --- --- --- ~-- --- --- ---
CUSTOMER: UNIDO SURVEY 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING 

DP-.'i'E; 8TH DECEMBER 1986 
CPER: .. -: GGODMAN 

--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
NOTE: VILLAGE 3 
INSOLATION DATA LOCATION: METEMA (lJ!;er Supplied) 

LATITUDE: 12.95 DEG N LONGITUDE: 36. 07 DEG E 
GROUND REFLECTANCE: .20 (J) 

--- --- --- --- --- --- --- --- ~-- --- --- --- --- ---

ri 

J 

----------SELECTED SY:7EM DATA----------

WIRING INFORMATION: 60 FT. ·(ROUND TRIP) vF 8 GAUGE WirtE 

-------------ABJ>.t..Y------------
BORIZONTAL CN-S) AXIS 'i'RACKING 
MAX. ?WR. CURRENT: 12.2 A. 
MAXIMUM POWER: 1486.0 W. 

AS INC M55 3.05 A. @ 17.4 V. 
7 (5) X 4 (P) = 28 TOT.AL 

---------PUMP SYSTEM--------­
Grundfo; SP2-18 
XX-5 
COUPLED TO ARP..AY @ 105 VOLTS 

AVG. DAILY OCTTPUT: 
SYSTEM BE.'\D: 

24.3 CU.M 
52.0 M. 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL MEAN AIR RAINFALL AVG. 
MONTH LANG LANG TEMP (C) (AVG. t".M) CU.M/DAY 

JAN 457 598 26.9 NA 23.5 
FEB 514 670 29.6 NA 25.2 
MAR 535 686 30. l NA 25.8 
APR 554 696 28.9 NA 26.1 
MAY 516 638 28.7 NA 24.6 
JUN 494 607 27.8 NA 23.9 
JUL 477 584 26.l t:A 23.5 
AUG 414 501 26.0 !·~A ~0.2 

SEP 479 601 26.0 t-;;_ I') • ... -: . ·-· 
OCT 511 660 27.3 NP. 25.i 
NOV 497 651 27.9 NA '"/ ~ .') 

... ..>. v 

DEC 465 611 27.5 NA 23.7 

l~OTE: TRACKER LIMIT ANGLE IS 45.0 DEGREES FROI1 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 0 

length 

storage 

Array location: 

Design: 
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Metema Kobit, Village No. 4. 

Metema 

1079 

2 

Basalt" 

6Sm (pump at 56m) 

2.3 L/S 

Slanzi OVA 1030 

Bornemann 7.2m3/hr belt driven 

1 hr/day 

1 litre/day 

2" 0 

30m elevation - wi "t..h a. proposal for a 
200m extension ( + s~ head ) 

~orth side of road. 

Q = 1.2 L/S 

TOH = 56 + 5.6 + 5 + 3 

= 70m. 

Note: Then· is a ,su a hanJ pump vn a well 0.1.. depth 48m, 

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



----------- ---
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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 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING 

NOTE: VILLAGE 4, KOBIT 
INSOLATION DATA LOCATION: METEMA 

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

DATE:. 8TH DECEMBER 1986 
OPER: J GOODMAN 

(User Supplied) 

36.07 DEG E 

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

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 MSS 3.05 A. @ 17.4 V. 
7 (5) X 4 (P) = 28 TOTAL 

---------PUMP SYSTEM--------­
Grundf os SPl-28 
102 VDC 1500 W XX-4 
COUPLED TO A:RRA.Y @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

9.4 CU.M 
30.0 M. 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL MEAN AIR RAINFALL AVG. 
MONTH LANG LANG TEMP ( C) (AVG. MM) CU.M/DAY 

JAN 457 527 26.9 NA s. e· 
FEB 514 566 29.6 NA 10.0 
MAR 535 557 30.1 NA 9.8 
APR 554 548 28.9 NA 9.7 
MAY 516 493 28.7 NA 8.9 
JUN 494 465 27.6 NA 8.6 
JUL 477 453 26.1 HA 8.5 
AOG 414 406 26.0 NA 7.e 
SEP 479 489 26.0 t;A 9.2 
OCT 511 551 27.3 NA 10.1 
NOV 497 566 27.9 HA 10.2 
DEC 465 545 27.5 NA 10.C 

NOTE: ARRAY TO FACE TRUE SOUTH 

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL Vf_~y DEPENDENT 
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND HAINTENANCE. 
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DESIGN PROVIDED BY: Solar Electric Internation~l 
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP) 

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

CUSTOMER: UNIDO SURVEY 
ADDRESS: ETHIOPIA 

DATE: STH DECEMBER 1986 
OPER: J GOODMAN 

APPLICATION: AC WATER PUMPING --- --·· --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
NOTE: VILLAGE 4, KOBIT 
INSOLATION DATA LOCATION: METEMA 

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

(User Supplied) 

36.07 DEG E 

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

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

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

AS INC M55 
7 (5) x 

MONTH 

JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
OCT 
NOV 
DEC 

3.05 A. @ 17.4 V. 
4 (P) = 28 TOTAL 

----------SYSTEM DESIGN 

FLAT PANEL MEAN AiR 
LANG LANG TEMP ( c) 

457 598 26.9 
514 670 29.6 
535 686 30.l 
554 696 28.9 
516 638 28.7 
494 607 27.8 
477 584 26.1 
414 501 26.0 
479 601 26. (J 

511 660 27.3 
497 651 27.9 
465 611 27.5 

---------PUMP SYSTEM--------­
Grundf os SPl-28 
102 VDC 1500 W XX-4 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAiLY OUT?U~: 12. 2 cu.!·! 
SYSTE'.):1 HEAD: 8 0 . 0 :.~1. 

ANALYS!S----------

F~il. INF ALL AilG. 
U·.VG. MM) CU.t1/DAY 

NA 11. 7 
NA 12.6 
NA 12.9 
NA 13. 1 
NA 12.4 
~T ' l i .. -t ;,_ 2. 1 
>T • :1.9 ~';~ .. 
r·;~ .. : (j. 3 
" . .. --.~ 12.2 
tlA 1 :2. 8 
NA 12.5 
!\ •• 
.. ~ ..... lo. 11. 7 

NOTE: TRACKER LIMIT ANGLE IS 45.0 D~GREES ~RCM Ti-1i;;o 
··~ 

'lERTICi\L POS ITIO~:. 

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DE?ENDENT 
UPON WEATHER CONDITIONS AND ADEQUACY OF I'.·JSTALLATIQ1·; A:JD MAINTEt~ANCZ. 



Location 

Radiation station: 

Population: 

· No. of wells: 

Wells: aquifer type 

depth 

yield · 

drawdown 

Pumping units: 

motor 

pump 

no. of hours of operation 

fue 1 consumpt; on 

Distribution: pipework 0 

length 

storage 

Array location: 

Design: 

- 127 -

Metema Kumer 

Metema 

554 

1 

Basalt but rig couldn't penetrate below lSm 

!Sm pump at 12m 

1 - 2 L/S. 

Slanzi OVA 1030 

Bornemann Mono, 7.2m3/hr (belt driven) 

1 hr/day 

1 litre/day 

.,., 

l62m, elevation + 2.S included to top of tank. 

15m ~est of existing pump station 

Black cotton soil - raft foundation. 

lL/S TOH = 12 + :.s + 1.62 

., 
= 16.-l-m 

= 1 im 
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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 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING 

NOTE: KOMER 
INSOLATION DATA LOCATION: METEMA 

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

DATE: 8TH DECEMBER 1986 
OPER: J GOODMAN 

(User Supplied) 

36.07 DEG E 

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

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--------­
Gruncif os SP8-4 
102 VDC 1500 W XX-5 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

62.1 CU.M 
17.0 M. 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL MEAN AIR RAINFALL AVG. 
MONTH LANG LANG TEMP CC) (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 494 465 27.8 NA 56.4 
JUL 477 453 26.1 NA 56.0 
AUG 414 406 26.0 NA 49. fi 
SEP 479 489 26.0 NA 61.3 
OCT 511 551 27.3 NA 67.5 
NOV 497 566 27.9 NA 68.3 
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. 
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DESIGN PROVIDED BY: Solar Electric International 
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP) 

CSASY/M Ver 5.0 6/20/86) --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
CUSTOMER: UNIDO SURVEY 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING --- --- --- --- --- --- --- --- ---
NOTE: KOMER 
INSOLATION DATA LOCATION: METEMA 

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

DATE: 8TH DECEMBER 1986 
OPER: J GOODMAN 

(User Supplied) 

36.07 DEG E 

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

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

------------ARRAY------------EORIZONTAL (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 CS) X 4 CP) = 28 TOTAL 

--- --- --- --- --- --- --- ---

---------POMP SYSTEM---------
Grundf os SP8-4 
102 VDC 1500 W XX-5 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM BEAD: 

81. 2 CO .. M 
17.0 M. 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL MEAN AIR RAINFALL AVG. 
MONTH LANG LANG TEMP ( C) (AVG. MM) CU.M/DAY 

JAN 457 598 26.9 NA 78.6 
FEB 514 670 29.6 NA 84.4 
MAR 535 686 30.1 NA 86.l 
APR 554 696 28.9 NA 87.3 
MAY 516 638 28.7 NA 82.4 
JUN 494 607 27.8 NA 80.3 
JUL 477 5'14 26.1 NA 78.9 
_AUG 414 501 26.0 NA 67.4 
SEP 479 601 26.0 NA 81.3 
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 PUi-lP) 

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

CUSTOMER: UNIDO SURVEY 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING 

NOTE: KUMER 
INSOLATION DATA LOCATION: METEMA 

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

DATE: 8TH DECEMBER 1986 
OPER: .. T GOODMAN 

(User Supplied) 

36.07 DEG E 

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

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

------------ARRAY------------
HORIZONTAL (N-S) AXIS TRACKING 
MAX. PWR. CURRENT: 9.1 A. 
MAXIMUM POWER: 1114.5 W. 

AS INC M55 3.05 A. @ 17.4 V. 
7 (S) X 3 (P) = 21 TOTAL 

---------PUMP SYSTEM--------­
Grundf os SP8-4 
102 VDC 1500 W XX-5 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 58.2 CU.M 
SYSTEM HEAD: 17. O 1-l. 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL t1EAN 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 535 686 30.l NA 62.9 
APR 554 696 28.9 NA 61.0 
MAY 516 638 28.7 NA 58.4 
JUN 494 607 27.8 NA 56.1 
JUL 477 584 26.l 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. Ci 
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 ADEQUA:Y OF INSTALLP.TION AND I1AINTENANCE. 



Locati'ln 

Radiation station: 

Popula~ion: 

No. of wells: 

Wells: aquifer type 

depth 

yield 

drawdown 

Pumping units: 

motcr 

pump 

no. of hours of operation 

fuel consumption 

Distribution: pipework 0 

length 

storage 

Array location: 

Design: 
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Metema - Johannes Ketema 

~etema 

1500 

1 

· 38m (pump at 30m) 

11 L/S 

Slanzi DVA 10.30 

Bornemann 7.2m3/hr belt dri '1. 

3 hrs/day 

2" 0 

lSOm elevation + 4m 

~one - ~~3 ~ro?osec ( + 3.6m ) 

Large tree due East of B~ 

Flood protection from down slope. 

Q max = 5 L/S 

TOH = 30 + 4 + 3 + 3.6 

= 40.60m 
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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 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING 

NOTE: JOHANNES KETEMA 
INSOLATION DATA LOCATION: METEMA 

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

DATE: 8TH DECEMBER 1986 
OPER: J GOODMAN 

(User Supplied) 

36.07 DEG E 

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

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 
7 (S) X 

3.05 A. @ 17.4 V. 
4 ~P) = 28 TOTAL 

---------PUMP SYSTEM--------­
Grundfos SP2-18 
XX-5 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

22.5 CU.M 
41.0 M. 

----------SYSTEM DESIGN ANALYSIS----------

MONTH 

JAN 
FEB 
MAR 
APR 
'1AY 
,JUN 
JUL 
AUG 
SEP 
(JCT 
NOV 
DEC 

FLAT 
LANG 

457 
514 
535 
554 
516 
494 
477 
414 
479 
511 
497 
465 

PANEL 
LANG 

527 
566 
557 
548 
493 
465 
453 
406 
489 
551 
566 
545 

MEAN AIR 
TEl-lP ( C) 

26.9 
2S.t3 
30.l 
2 1'3. 9 
28. 7 
27.8 
26.l 

:25. 0 
•') - ~ 
I.... I • •J 

0 '7 a "'I •\.I 

21 . ~1 

RAINFALL 
(AVG. MM) 

NA 
NA 
NA 
l·!A 

, .. 
~ ~ .r. 

NOTE: ARRAY TO F:~CE TRUE SOUTH 

AVG. 
CU.HIDAY 

23.3 
23.9 
23.5 
~ .., ., 
.:...·-' .. •.J 

21.6 
20.9 
20.7 

22.3 

2 .3. 7 

?S~·FORMANCE OF SYSTEM AT INSTALL:~TIC;N :2I'!'E WILL VARY DEPEUDEHT 
UPON WEATHER CONDITIONS AND ADEQUACY CF ItJSTALLATION AND MAINTENANCE. 
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DESIGN PROVIDED BY: Solar Electric International 
STAND-ALONE SYSTEM DESIGN PROGRAM CPV/WATER PUMP) 

(SASY/M Ver 5.0 6/20/86) . --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
CUSTOMER: UNIDO SURVEY 
ADDRESS: ETHIOPIA 

DATE: 8TE DECEMBER 1986 
OPER: J GOODMAN 

APPLICATION: AC WATER PUMPING 
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

NOTE: JOHANNES KETEMA 
INSOLATiON DATA LOCATION: METEMA 

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

(User Supplied) 

36.07 DEG E 

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

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

------------ARRAY------------
HORlZONTAL CN-S) AXIS TRACKING 
MAX. PWR. CURRENT: 12.2 A. 
MAXIMUM POWER: 1486.0 W. 

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

---------PUMP SYSTEM--------­
Grundf os SP2-18 
XX-5 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEl"l F..EAD: 

29.0 CU.M 
41.0 !1. 

----------SYSTE11 DESIGN ANALYSIS----------

FLAT PANEL MEAN AIR RAINFALL AVG. 
MONTH LANG LANG TEMP CC) (i-.VG. l"ll1) CU.HIDAY 

JAN 457 598 26.9 NA 27.9 
FEB 514 6i0 29.6 NA 29.e 
MA.~ 535 686 30.1 NJ.. 30.5 
APR 554 696 28.9 NA 30.9 
MAY 516 638 28.7 NA 29.4 
JUN 494 607 2i.8 NA 28.8 
JUL 477 584 "I"' ' ,,~ t:. 28.4 .:.::i .... ..., . 
AUG 414 501 25.C: ).~;I .,_. 25.0 
C'C;'"O 479 601 ,., ,.. r ::.:i.. 29.~ .... _ ... -0 . ...; 

OCT ::-11 660 27.3 !·iA 30. 2 
NOV .;97 651 2.i.8 , .. ")Q ::: 

.:~ :!.. -- .. ...,,, 

DEC 465 611 27.4 l!.I:J.. '"lO . 
.. v. -

NOTE: TRACKER LIMIT ANGLE IS 45.0 DEGREES FRC!·! THE VERTICAL ?OSITIO!;. 

PERFORMANCE OF SYSTEM AT INST.:..:.LATION SITE W:LL VA.~Y DEPENDENT 
UPON 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 sola~ powered irrigation. 

1. Shehdi or Gandawuha demonstration site 

Source: 

Propose 1: 

"Gandawuha river. This is a seasonal 
river with an approx. 6 metre variation 
in riveT 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. 

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 equipm~nt capacity) 
in the alluvial deposits at the site. 
A solar pump installed here would then 
pump to a storage/distribution tank 
beside the agriculture training school 
on the hill which would command the 
whole arec. 

Max head (without friction losses) 19 metre 
Length of pipe 150 metre 
Pipe diameter Z" • 3" 

See printout for average monthly output. 
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2. Shehdi irrigation site adjacent to e~isting water 
supply well. 

This area of just 1 ha has a similar situatioa to the 

demonstration site at Shehdi altho~gh the required TDH 
is 14 meter wit~ approx. 150 of pipework to command 

point. The :;;:n-oximi ty of site to the Shehdi settlement 
water supply borehole suggests: 

a) Monitaring well for performance during dry 
season and 

then b) 

3. Kumer 

using the town supply system for irrigation 
water. 

Along the same Gandawuha river as the first 
tea 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 d:-y S1?ason of 13. 5 meter with pipework 

requirements of 50 m. Due to flooding a hand dug 
well would be necessary. 

It was notived during the site investigation 
that, particularly in the small b~sin 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 Gorndar regional 
::id:ninistr::itcr. 



- 136 -

DESIGN ?ROVIDED BY: So1.ar F.lectric International 
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP) 

(SASY/M Ver 5.~ 6/?.0/86) 

CUS70MER: UNIDO SURVEY 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUttPING 

DATE: BTH DECEMBER 1986 
CF:s:.R; J GOODMAN 

--- --- --- --- --- --- --- --- --- --- -·- --- --- -- . --- --- --- ---
NOTE: SHEHDI IRRIGATION SITE 
INSOLATION DATA LOCATION: MET:o-4..A 

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

(User Supplied) 

36.07 DEJ E 

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

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

------------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 SP4-8 
102 vDC 1500 W XX-5 
COUPLED TO ARRAY @ 105 VOLI~ 

AVG. DAILY OUTPUT: 
SYSTE~l HEAD: 

45.5 CU.li 
22.0 M. 

----------SYSTEM DESIGN ANALYSIS----------

..,.T A 'l' 
l! .un.i. PANEL MEAN AIR RA1:NFALL AVG. 

MONTH LANG LANG TEMP (C) (AVG. i-t'1) CU.M/DAY 

JAN 457 527 26.9 NA 46.7 
FEB 514 566 29.6 NA 47 6 
MAR 535 557 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 479 489 26.0 :~A 45.2 
OCT 511 551 27.3 L~A 48.0 
NOV 497 566 27.9 NA 48.3 
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 6/20/66) 

CUSTOMER: ONIDO SURVEY 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING 

NOTE: SHEHDI IRRIGATION SITE 
INSOLATION DATA LOCATION: METEMA 

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

DATE: 8TH DECEMBER 1986 
OPER: J GOODMAN 

(User Supplied) 

36.07 DEG E 

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

WIRING INFORMATION: 60 FT. ·(ROUND TRIPJ OF 8 GAUGE WIRE 

------------ARRAY------------
HORIZONTAL (N-S) AXIS TRACKING 
MAX. PWR. CURRENT: 9.1 A. 
MAXIMUM POWER: 1114.5 W. 

AS INC M55 3.05 A. @ 17.4 V. 
7 (5) X 3 (P) = 21 TOTAL 

---------PUMP SYSTEM--------­
Grundf os SP4-8 
102 VDC 1500 W XX-5 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

46.6 CU.M 
22. 0 M. 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL MEAN AIR RAINFALL AVG. 
MONTH LANG LANG TEMP (C) (AVG. MM) CU .11/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 479 601 26.0 NA 46.7 
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. 



- 138 -

DESIGN PROVIDED BY: Solar Ele~tric International 
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WBTER PUMP) 

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

CUSTOMER: UNIDO SURVEY 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING 

NOTE: SHEHDI IRRIGATION SITE 
INSOLATION DATA LOCATION: METEMA 

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

DATE: 8TH DECEMBER 1986 
OPER: J GOODMAN 

(User Supplied) 

36.07 DEG E 

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

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

------------ARRAY------------
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 (5) X 4 (P) = 28 TOTAL 

-~-------PUMP SYSTEM--------­
Grundfos SP4-8 
102 VDC 1500 W XX-5 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEA!:J: 

57.8 CU.M 
22.0 M. 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL MEAN AIR RAINFALL AVG. 
MONTH LANG LANG TEMP ( c) (AVG. MM) CU.M/DAY 

JAN 4i::-7 ..; . 598 26.9 NA 55.9 
FEB 514 670 29.6 NA 59.2 
MAR 535 686 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.l NA 56.9 
AUG 414 501 26.0 NA 51. 2 
SEP 479 601 26.0 NA 58.l 
OCT 511 660 27. 3 NA 60.0 
NOV 497 651 27.9 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 6/20/86) 

CUSTOMER: UNIDO SURvEY 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING 

NOTE: KOMER 
INSOLATION DATA LOCATION: METEMA 

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

DATE: 8TB DECEMBER 1986 
OPER: J GOODMAN 

{User Supplied) 

36.07 DEG E 

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

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

------------ARRAY------------
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 (S) X 4 (P) = 28 TOTAL 

---------PUMP SYSTEM--------­
Grundf os SP8-4 
102 VDC 1500 W XX-5 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

81. 2 CU. M 
17.0 H. 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL MEAN AIR RAINFALL AVG. 
MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY 

JAN 457 598 26.9 l 78.6 
FEB 514 670 29.6 0 . 84. 4 
MAR 535 686 30.1 0 86.1 
APR 554 696 28.9 1 87.3 
MAY 516 638 28.7 67 82.4 
JUN 494 607 27.8 160 80.3 
JUL 477 584 26.1 209 78.9 
AUG 414 501 26.0 211 67.4 
Sb:P 479 601 26.0 187 81. 3 
OCT 511 660 27.3 45 85.8 
NOV 497 651 27.9 4 83.5 
DEC 465 611 27.5 0 79.2 

NOTE: TRACKER LIMIT ANGLE IS 45. 0 DEGREES FROM THE VERTICAL POSITION . 

... 
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DESIG~ PROVIDED BY: Solar Electric International 
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP) 

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

CUSTOMER: UNIDO SURVEY 
ADDRESS: ETEIOPIA 

DATE: BTH DECEMBER 1986 
OPER: J GOODMAN 

APPLICATION: AC WATER PUMPING 
--- --- --- --- --- --- --- --- --- --- --- --·I --- --- --- --- --- ---

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

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

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

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

-------------A:B:R.AY--------- ---
TILT ANGLE: 15. 0 DEGREES 
MAX. PWR. CURRENT: 12.2 A. 
MAXIMUM PO~~R: 1486.0 W. 

AS !NC M55 3.05 A. @ 17.4 V. 
7 '5) X 4 (P) = 28 TOTAL 

---------PUMP SYSTEM--------­
Grundfos SPl-28 
102 VDC 1500 W XX-4 
COUPLED TO AKRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

8. 5 CU.M 
90.0 M. 

----------SYSTEM DESIGN ANAI,YSIS----------

FLAT PANEL MEAN AIR RAINFALL AVG. 
MONTH LANG LANG TEMP (C) (AVC. MM) CU.M/DhY 

JAN 457 527 26.9 NA 8.8 
FEB 514 566 29.6 NA 9.1 
MAR 535 557 30.1 NA 8.9 
APR 554 548 28.9 NA 9.7 
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 r. 8.3 
OCT 511 551 27.3 NA 9.2 
NOV 497 566 27.9 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 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: ONIDO SURVEY 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING 

DATE: BTH DECEMBER 1986 
OPER: J GOODMAN 

--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
NOTE: GUBA 
INSOLATION DATA LOCATION: METEMA (User Supplied) 

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

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

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

------------ARRAY------------
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 (S) X 4 (P) = 28 TOTAL 

---------PUMP SYSTEM--------­
Grundfos SPl-28 
102 VDC 1500 W XX-4 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

11.0 CU.M 
90.0 M. 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL MEAN AIR RAINFALL AVG. 
MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY 

JAN 457 598 26.9 NA 10.5 
FEB 514 670 29.6 NA 11. 4 
MAn 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 6Jl 27.5 NA 10.6 

N'1TE: 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 W..ELLS, ILLUBABOR 
AND WELEGA 

Only the wells in the settlement villages in 

Gambella were visited where the well drilling 
programme is now fonr.ally closed. New areas, with 
a large proposed drilling progTamme, 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 extension of the grid into development areas. 
Of particular interest to this project is the progress 

of the mirri-hydro scheme north of Asosa. This area 
has been the focus of a large well drilling programme, 

extensive settlement and ~xpansion 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.K.C.A. in Jima were 
strongly in favour of the utilisation of solar ~ater 

pumping because of the real difficulty in proviJing 

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. installations will be considered. 
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NOTES: 

Illubabor 

1. In metamorphic and volcanic rocks in the Jilne /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 
recharge can account for. 

Hence in design considerations to account for this 

drop in yield - assume 40% of initial yield. 

Original yield tests in Illubabor were either done 
by step drawdown tests or airlift tests, using a 
compressor for 3 hours, with discharge measured by 

Vee :-.latch. 

As the well drilling programme for thi5 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) viJlage # 5 

2. Bara Abol (Finkao) village # 6 

3. Bara Abol (Fink-ao) village I# 7 

4. Ubala village I# 1 

5. Ubala village I# 2 

6. Ubala village I# 3 

I• Ubala village # 4 

8. Ubala village # 5 

9. Ubala village # 6 



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: pip~work 0 

length 

~torage 

.\rny location: 

Design'. 
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Baro Abol or Finkao Village No. S 

Gambell a 

950 

2 

Basalt 

35 - 60m (for design purposes SOm) 

3 L/S 

Hand Pump. 

8 hrs/day each. 

\one 

\one 

\ext to 1\'el l 

\ote: With : Kells, one fitted Kith solar and one remaining as hand pump is 

ideal fail safP solution. 
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Location Bara Abol or Finkao Village No. 6 

Radiation station: Gambell a 

Population: 1787 

No. of wells: 2 

Wells: aquifer type Basalt 

depth 35 - 60m (for design SOm) 

yield 3 L/S . 

• 
drawdown 

Pumping units: Hand pump 

motor 

pump 

no. of hours of operation 6 - 8 hrs/day. 

fuel consumption 

Distributiop· pipework 0 \one 

length \one 

storage \ane 

\rray location: 

Design: 

~ote: As for village ~. 



- 147 -

DESIGN PROVIDED BY: Solar Electric International 
STAND-ALONE SYSTEM DESIGN PROGR&'1 (PV /WATER PUMP) 

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

CUSTOMER: UNIDO SURVEY 
ADDRESS: ETHIOPIA 

DATE: 8TH DECEMBER 1986 
OPE.~: J GOODMAN 

APPLICATION: AC WATER PUMPING 

NOTE: BARA ABOL OR FINKAO VILLAGES N0.5,6,7 
INSOLATION DATA LOCATION: GAMBELA (User Supplied) 

LATITUDE: 8.25 DEG N LONGITUDE: 34.58 DEG E 
GROUND REFLECTANCE: . 20 ( .J) 

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

WIRING INFORMATION: 60 FT. 0 (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: 
SYSTEM HEAD: 

16.6 CU.M 
50.0 M. 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL MEAN AIR RAINFALL AVG. 
MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY 

JAN 468 527 28.0 NA 19.9 
FEB 474 511 29.2 NA 19.3 
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 26.6 HA 13.3 
JUL 370 351 26.8 NA 13.0 
AUG 314 307 26.3 NA 10.7 
SEP 407 410 26.7 NA 16.0 
OCT 439 464 27.0 NA 18.2 
NOV 440 488 26.1 NA 19.2 
DEC 455 519 27.2 NA 19.9 

NOTE: ARRAY TO FACE TRUE SOUTH 

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT 
UPON WE~THER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE. 



Location 

Radiation station: 

Population: 

"o. of wells: 

\~ells: aquifer type 

depth 

yield 

Pur.tping units: 

motor 

pump 

no. of hours of operation 

fuel consumption 

Distribution: pipework 0 

length 

storage 

Arr:iy location: 

Design: 

\ote: As for village ~. 
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Bara Abol, or Finkao Village No. 7 

Gambel la 

1140 

2 

Basalt 

35 - 60m 

2 - 3 L/S 

2 Hand pumps 

\one 

\one 
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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) 

CUSTOMEP.: UNIDO SURVEY 
ADDRESS: ETH:OPIA 

DATE: 8TH DECEMBER 1986 
OPER: J GOODMAN 

APPLICATION: AC WATER PUMPING 

NO~E: BARA AB0L OR FINKAO VILLAGES N0.5,6,7 
INSOLATION DATA LOCATION: GAMBELA (User Supplied) 

LATITUDE: 8.25 DEG N LONGITUDE: 34.58 DEG E 
GROUND REFLECTANCE: .20 (J) 

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

WIRING INFORMATION: 60 FT. 0 (ROUND TRIP) OF 8 GAUGE WIRE 

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

~S 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: 
SYSTEM HEAD: 

21. 6 CU .M 
50.0 M. 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL MEAN AIR RAINFALL AVG. 
MONTH LANG LANG TEMP ( c) (AVG. MM) CU.M/DAY 

JAN 468 604 28.0 NA 24.4 
FEB 474 605 29.2 NA 24.4 
MAR 448 559 30.5 NA 22.8 
APR 486 603 29.7 NA 24.6 
MAY 398 481 27.4 NA 20.0 
JUN 380 457 26.6 HA 19.0 
JUL 370 443 26 . .'3 l~A 18.3 
AUG 3J4 368 26.3 NA 14.2 
SEP 407 4·99 26.7 NA 21. 0 
OCT 439 552 27.0 NA 23.1 
NOV 440 562 26.l NA 23.5 
DEC 455 588 27.~ NA 24.1 

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 ADECUACY OF INSTALLATION AND MAINTENANCE. 
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Location 

Radiation station: 

Ubala, Villages! - 5 

Abobo 

Population: 1500 

1 No. of wells: 

Wells: aquifer type Basalt 

depth SOm. 

yield 2 - 3 L/S 

drawdown 

Pumping units: Hand pump 

motor 

pump 

no. of hours of operation 12 hours/day 

fuel consumption 

Distribution pipework 0 \one 

iength \one 

storage \one 

Array locDtio:1: next to well 

Design: 

>l'ote: The queues at all village hand p~~p locations and the 
general complaint of the amount of time waiting for water 
(an opportunity time cn~t) warrant pump. With deep wells 
it is more difficult for older people and with 400 
families on average taking 2 minutes minimum, that is 
13.3 hrs/day. 

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

(SASY/K Ver 4.2 12/20/85) 
·- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

CUSTOMER: UNIDO SURVEY 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING 

DATE: 7DEC86 
OPER: DJS 

·- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
NOTE: UBALA VILLAGES 1-5 
INSOLATION DATA LOCATION: ABOBO ETHIOPIA (User Supplied) 

LATITUDE: 7.80 DEG N LONGITUDE: 34.40 :.,EG E 
GROUND REFLECTANCE: .20 (J) 

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

JIRING INFORMATION: 60 FT. (ROUND TRtP) OF S GAUGE WIRE 

------------ARRAY------------
IORIZONTAL (N-S) AXIS TRACKING 
iAX. PWR. CURRENT: 12.2 A. 
1AXIMUM PO~ER: 1486.0 W. 

\S INC MSS 
7 (S) X 

3.05 A. @ 17.4 V. 
4 (P) • 28 TOTAL 

---~-----PUMP SYSTEM--------­
Grundfos SP2-18 
xx-s 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT~ 
SYSTEM HEAD: 

17.6 CU.M 
58.0 M. 

----------SYSTEM DESIGN ANALYSIS----------

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 
~AR 449 567 28.3 69 19. l 
APR 493 619 27.5 93 21. 0 
~AY 389 474 25.1 139 l 5. 2 
JUN 381 463 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 54S 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 CONDITIC~S AND A:EQUACY ...... 

Utt t::STALLATIC~: AND MAit•T~Nn:;cc:. 



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 0 

length 

storage 

Array location: 

Design: 
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Ubala, Villa,cre No. 6 (labelled. UB 1~.) 

:\bobo 

800 

1 with motor, 2 handpumps. 

Basalt 

86m 

3 - 4 L/S 

Kirloskar RD-2, 12.S KVA 

Submersible 

1 hr/day 

~" 0, 4 \o. 90° bends 

4000 litre, J metres top e!e~ation above 

borehole. 

Irrunediately ad.iacent to B.H. 

\ote: b villages in UB:\LA all fitted with I~II except UB14. min. depth 24m, 

max depth 86m fUB14l average 40 - Som. yield 2-3 L/S. 
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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 
ADDRESS: ETHIOPIA 

DATE: STE DECEMBER 1986 
OPER: J GOODM..l\.N 

APPLICATION: AC WATER PUMPING 

NOTE: UBALA VILLAGE N0.6 (OB 14 EWWCA) 
INSOLATION DATA LOCATION: ABOBO (User Supplied) 

LATITUDE: 7.80 DEG N LONGITUDE: 34.60 DEG E 
GROUND REFLECTANCE: .20 (J) 

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

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

------------ARRAY------------
TILT ANGLE: lB. O 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--------­
Grunc!f os SPl-28 
102 VDC 1500 W XX-4 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

7.4 CU.M 
86.0 M. 

----------SYSTEM DESIGN ANALYSIS----------

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 
t1AY 389 371 25.l NA 6.0 
,TUN 381 358 25.9 NA 5.6 
JUL 375 355 25.4 NA 5.6 
AUG 313 305 25.4 NA A ,, 

"t • "t 

SEP 404 406 24.2 NA 7.2 
OCT 433 456 24.4 NA 8.2 
NOV 440 487 25.4 NA 8.7 
DEC 457 520 23.9 NA 9.3 

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 CPV/WATER PUMP) 

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

CUSTOMER: UNIDO SURVEY 
ADDRESS: ETHIOPIA 

DATE: BTH DECEMBER 1986 
OPER: J GOODMAN 

APPLICATION: AC WATER PUMPING 

NOTE: UB.Ai..A VILLAGE N0.6 (UB 14 EWWCA) 
INSOLATION DATA LOCATION: ABOBO (User Supplied) 

LATITUDE: 7.80 DEG N LONGITUDE: 34.60 DEG E 
GROUND REFLECTANCE: .20 CJ) 

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

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

------------ARRAY------------
HORI ZONTAL (N-S) AXIS TRACKING 

---------PUMP SYSTEM--------­
Grundfos SPl-28 

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 

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

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

£1.8 CU.M 
86. 0 M. 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL MEAN AIR RAINFALL AVG. 
MONTH LANG LANG TEMP (C) (AVG. Ml·1) 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 NI\ 11. 4 
MAY 389 469 25.1 NA 8.7 
~TUN 381 458 25.9 NA 8.4 
JUL 375 450 25.4 NA 8 ") .... 
AUG 313 367 25.4 NA 6.1 
SEP 404 494 24.2 NA 9.4 
OCT 433 543 24.4 NA 10.4 
NOV 440 562 25.4 NA 10.6 
DEC 457 590 2?·. 9 NA 11.2 

NOTE: TRACKER LIMIT ANGLE IS •l 5. 0 DEGREES FROM THE VERTICAL POSITION. 

PERFORt-4.1.NCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT 
U?ON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE. 
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II.4 ARUSI PROVINCE 

Location 

Radiation station: 

Population: 

No. of wells: 

Wells: aquifer type 

depth 

yield 

drawdown 

Pumping units: 

motor 

pump 
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Aburra Village or Ogolcha 

Ogolcha 

3500 

1 

63m 

5.8 L/S for 24 hours 

lm 

Broken hand pump. 

~o. of hours of operation 

Fuel consumption 

Distribution: pipe~ork 0 

length 

storage 

Array locations: 

Design: 

l '' 0 

2:JO m. 

1 ~ 3 This Kill be removed and 3 

storage tank to elevation oi 
~m. placed beside the B.H. anJ 
gravity feed to school and 
village. 

Besides B. H. 

Q = 2. 5 L/ S 

TOH "" 33m . 



- 156 -

DESIGN PROVIDED BY: Solar Electric International 
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PU11P) 

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

CUSTOMER: UNIDO SURVEY 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING 

NOTE: OGOLCHO-ABURRA VILLAGE 
INSOLATION DATA LOCATION: OGOLCHO 

LATITUDE: 8.06 DEG N LONGITUDE: 
GROUND REFLECTANCE: . 20 ( J) 

DATE: 8TH DECEMBER 1986 
OFER: J GOODMAN 

(User Supplied) 

39.03 DEG E 

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

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--------­
Grundf os SP4-8 
102 VDC 1500 W XX-5 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

32.8 CU.M 
33.0 M. 

------·----SYSTEH DESIGN ANALYSIS----------

FLAT PANEL MEAN AIR P..AINFALL AVG. 
MONTH LANG LANG TE11P CC) (AVG. 1111) CU.M/DAY 

JAN 505 569 18.3 NA 37.9 
FEB 524 565 19.4 NA 37.6 
MAR 520 ti 32 20.1 NA 35.7 
APR 501 489 20.9 NA 32.7 
MAY 484 457 20.7 NA 30.3 
~TUN 474 440 20.2 NA 29.0 
JUL 403 381 19.5 Kl\ r) .1 II 

'---: ... ..: 
AUG 433 419 19.1 t1 . , 1\. 27.3 
SEP 422 425 18.8 i-JA 28.4 
OCT 504 533 19.3 NA 35.9 
NOV 501 557 17.9 Nil. 37.4 
DEC 472 539 17.5 NA 26.4 

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 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING 
--- --- --- --- --- --- --- --- ---

NOTE: OGOLCHO-ABURRA VILLAGE 
INSOLATION DATA LOCATION: OGOLCHO 

LATITUDE: 8.06 DEG N LONGITUDE: 
GROUND REFLECTANCE: .20 (J) 

DATE: 8TH DECEMBER 1986 
OPER: J GOODMAN 

(User Supplied) 

39. 03 DEG E 

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

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

------------ARRAY------------
HORIZONTAL (N-5) AXIS TRACKING 
MAX. PWR. CURRENT: 9.1 A. 
MAXIMUM POWER: 1114.5 W. 

AS INC M55 3.05 A. @ 17.4 V. 
7 (S) X 3 (P) = 21 TOTAL 

---------PUMP SYSTEM--------­
Grundf os SP4-8 
102 VDC 1500 W XX-5 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

31. 5 CU. M 
33.0 M. 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL MEAN AIR RAINFALL AVG. 
MONTH LANG LANG TElvjp ( 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 20.9 NA 32.9 
MAY 484 597 20.7 NA 31. 1 
.JUN 474 583 20.2 NA 30.3 
JUL 403 487 19.5 liA 23.2 
AUG 433 529 19.1 N!:.. 25.6 
SEP 422 519 13.8 NA 2~1. 9 
OCT 504 642 18.3 NA 34.3 
NOV 501 648 17.9 1'1A 3~.7 

DEC 472 612 17.5 NA 32. '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 Elect::::-ic International 
STAND-ALONE SYSTE11 DESIGN PROGRAH (PV /WATER PUMP) 

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

CUSTOMER: UNIDO SURVEY 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PU~iPING 

NOTE: OGOLCHO-ABURRA VILLAGE 
INSOLATION DATA LOCATION: OGOLCHO 

LATITUDE: 8.06 DEG N LONGITUDE· 
GROUND REFLECTANCE: .20 (J) 

DATE: BTP. DECEMBER 1986 
OFER: J GOODMAN 

(User Supplied) 

39.03 DEG E 

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

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

------------ARRAY------------
HORI ZONTAL (N-S) AXIS TRACKING 
MAX. PWR. CORP.ENT: 12. 2 A. 
MAXIMUM POWER: 14&6.0 W. 

AS INC M55 3.05 A. @ 17.4 V. 
7 (S) X 4 (P) = 28 TOTA~ 

---------PUMP SYSTEM--------­
Gruncifos SP4-8 
102 VDC 1500 W XX-5 
COUPLED TO ARP..AY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTE11 HEAD: 

43. 2 CU. M 
33.0 M. 

----------SYSTEM DESIGN ANALYSIS----------

110NTH 

JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
OCT 
NOV 
DEC 

FLAT 
LANG 

505 
524 
520 
501 
484 
474 
403 
433 
422 
504 
501 
472 

PANEL 
LANG 

656 
675 
660 
624 
597 
583 
487 
529 
519 
642 
648 
612 

1·1EAN AIR 
TEt-1P ( C) 

18.3 
19.4 
20.l 
20.9 
20.7 
20.2 
19. 5 
18. 1 
"": ~ 0 

~. \.) 

19.3 
17.9 
17.5 

RAINFALL 
(AVG. HM) 

NA 
NA 
NA 
NA 
NA 
NP. 
N.-". 
l~A 

NA 
li ;.. 
RA 

AVG. 
CU.M/DAY 

46.6 
47.8 
47.l 
44.8 
43.1 
42.2 
34.9 
38.5 
37.8 
46.l 
46.3 
4 4. (j 

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

PERFORMANCE OF SYSTEM AT INSTALLA7ION SITE WILL VM<.Y DEPENDENT 
UPON WEATHER CONDITIONS AND ADEQUACY OF I 1~STALLATION AND MAINTE~~AUCE. 
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II.S. 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 tr~ditional 
wells, ellas, en route. Many of the new wells drilled by 
the EWWCA/Canadian aid team are situated in these traditional 
w~ll locations where t~~re are some small oermanent settlements 
such as El leh and .EL .Gofa The seasonal de.mand 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 
o~curing at EL Gofa Storage facilities at these sites could 
be greatly extended, initially utili:ing the cattle troughs 
which are not very well designed for stock watering (0.3m ~ide 
walls are too K1de for sheep and goats). 

Xo population figure was available for Chilango, and 
with a system head of 89 metres TOH and output of 10.8 m3 

this is a marginal site unless there are traditional Kells 
nearby. Dalo ~ek~la Xo. 1, where the ~iP<:el pump has been 
cut of action fo:- months, th~ <:,·::re~ ::i.::iJ at 111. 3r:i TDH is 
\·ery high \\ith an output of 8.-:- i.1 3 /Jay h·ith tr3cking. 
HoKever, if onsite storage and distribution system is provided, 
the TDH reduces to 95m and output increases to 10.Zml/dav. 
There are traditional wells here. 

All information on the current ~ell drilling programme 
should be obtained by ENEC from EWWCA for ~valuation in this 
and future projects. 
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NOTES - SIDAMO, GA.MU GOFA, BALE 

1. In Sidamo region the.,.~ is an ongoing prog:~amme of 

well drilling by E.i'i.W.C.A. with 3 wells wh:.ch have 

just been drilled at: 

Kidale No. 1 ) 7 Km north of Yave:.lo 

Chalkasa ) 
Derdoto ) all in Arero 

Information on these ~ells should be obtained by the 
Ministry ~ell dat~, populations serve~ 3nd 

system sized for viabi~ity. 

2. In Gann.i- ;fa, only the wells south of Arba ~finch were 

reviewed (apart from Wachyga Busha). 

a) Kc-,si No.l; town supply with booster station. 

b) Gato No. l; 120m well depth produced artesian 

flow. 

c) Gardula ~o. -!. or TISHDIELE (10 km south of Gato). 

d) 

aquifer: ..\11 fine sands + Silts with some clays 

(i.e. c.lluvials) 

depth: 82::i 

S.\\ .. L.: 3.-1.m 

. .\irlift test: l 1J s L/'.!in for - hours. I 

G..\RDUL\ \o. ... 
-

1:Guma ide \o. 2) 

acqui fer type: Broken basalt 

deptri 70m 

S.W.L. j-1.. 08 Pl\L. 43m 
Drawdown: 9m at Q = 150 Lniin. after 9 hrs pumping 

Specific capacity: 16.7 L/~in./hr. 

Safe yield: ? 1.5 L/S assume 
Recommended pump level 45m. 
Population: approx. 5000 



Installaticn: 

Design: 

- 16l -

Mono lift pumping with Lister diesel 
and 4m3 storage. 

Q 1.5 L/S, TDH = SSm 

Note: See survey. 

3. In BALE province, where 21% of the population now 

have access to potable water, the highest percentage 

in Ethiopia, there are no deep boreholes. EKKCA is 

heavily involved in the highlands, where spring 

development and hand dug ~ells with hand pumps are 

the basis of this encouraging committment. 
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Installation Sites: 

Sidamo 

1. El Leh No. 1 

2. El Gof a No. 2 

3. Melbana No. 1 

4. Melbana No. 2 

5. Chilango - to be reviewed by EWWCA. 

6. Bokul Bona No. 3 

i. Dalo Mekala ~o. 1 

8. Tuka No. 1 

Gamu Gofa 

1. Gebele Bono :\o. 1 

2. Gardula ).;o. ' 

~- Wachyga Busha (on point distribution and ~ell surged) 



Location 

Radiation station: 

Population: 

No. of wells: 

Wells: aquifer type 

depth 

yield 

drawdown 

Pwnping units: 

motor 

pump 

no. of hours of operation 

fuel consumption 

Distribution: pipe~ork 0 

length 

storage 

. \rray location: 

Design: 
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El Leh No. 1 

Moyale/Mega 

Small permanent settlement nearby: SiOO people 
and approx. 50,000 cattle. 
I.B.H. and several traditional wells. 

Alluvial & Elluviall over burden 

42.Sm S.W.L. 18.16m P.W.L. 20.80m 

90 L/min, specific capacity 97.3 L/min/metre 

2.64 after 19 hrs pumping at 114 L/min. 

Farymann Diesel single cylinder (S ~.P.) 

Mono flow 1.-ay pump, belt driven rated 90 L;'::-.in 
(The engine h~s been replaced once in 3 yea~5 
operation) 
4 hours a day 21.60m3/day but max seasonal 
demand 90m3/day 

200 - 250 litre/month. 

..,., 

40m 

Sm~ Gm ele\·ation serving trough 1:rn~ 
capacitv and 2 tap stands . 

0.1\., ad_ia-:ent to B.H. in exist in$ garden 

Q :: 1.5 [./Sec 

TOH :: .::o.9 • 6 • o.9 
:: -,- --·., m 
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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 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING 

NOTE: EL LEH N0.1 
INSOLATION DATA LOCATION: MEGA 

LATITUDE: 4.08 DEG N LONGITUDE: 
GROUND REFLECTANCE: .20 (J) 

DATE: 8TH DECEMBER 1986 
OPER: J GOODMAN 

(User Supplied~ 

38.33 DEG E 

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

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

------------ARRAY------------
TII.T 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--------­
Grundf os SP4-8 
102 VDC 1500 W XX-5 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

36.5 CU.M 
28 .0 M. 

----------SYSTEM DESIGN ANALYSIS----------

MONTH 

JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
OCT 
NOV 
DEC 

FLAT 
LANG 

518 
527 
51!3 
484 
383 
442 
410 
.373 
498 
442 
475 
456 

PANEL 
LANG 

574 
560 
524 
468 
362 
406 
382 
359 
495 
460 
518 
510 

MEA~. AIR 
TEMP (C) 

20.9 
19.5 
20.6 
19.6 
18.2 
16.9 
16. :i 
16.9 
17.9 
18.3 
18.8 
20.4 

RAINFALL 
(AVG. MM) 

NA 
NA 
NA 
NA 
NA 
Ni~ 
NA 
NA 
NA 
NA 
NA 
NA 

NOTE: ARRAY TO FACE TRUE SOUTH 

AVG. 
CU.M/DAY 

43.6 
42.8 
40.6 
37.0 
28.2 
32~0 
30.0 
28.1 
38.9 
36.8 
40.6 
39.9 

2ERFORMANCE 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 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING 

NOTE: EL LEH NO.l 
INSOLATION DATA LOCATION: MEGA 

LATITUDE: 4.08 DEG N LONGITUDE: 
GROUND REFLECTANCE: .20 (J) 

DATE: 8TH DECEMBER 1986 
OPER: J GOODMAN 

(User Supplied) 

38.33 DEG E 

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

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

------------ARFAY------------
BORIZONTAL (N-S) AXIS TRACKING 
MAX. PWR. CURRENT: 9.1 A. 
MAXIMUM POWER: 1114.5 W. 

AS INC M55 3.05 A. @ 17.4 V. 
7 (S) X 3 (P) = 21 TOTAL 

---------PUMP SYSTEM--------­
Grundfos SP4-8 
102 VDC 1500 W XX-5 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

36.4 CU.l1 
28.0 M. 

----------SYSTEM DESIGN ANALYSIS----------

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 19.6 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 
OCT 442 551 18.3 NA 35.2 
NOV 475 604 18.8 NA 39.0 
DEC 456 582 20.4 NA 37.l 

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

PERFORMANCE OF SYSTEM AT INSTi~LLATION 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: ONIDO SURVEY 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING 

NOTE: EL LEH N0.1 
INSOLATION DATA LOCATION: MEGA 

LATITUDE: 4.08 DEG N LONGITUDE: 
GROUND REFLECTANCE: .20 (J) 

DATE: 8TH DECEMBER 1986 
OPER: J GOODMAN 

(User Supplied) 

38.33 DEG E 

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

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

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

AS INC M55 
7 (5) x 

3.05 A. @ 17.4 V. 
4 (P) = 28 TOTAL 

---------PUMP SYSTEM--------­
Grundfos SP4-8 
102 VDC 1500 W XX-5 
COUPLED ~O ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

48 .1 CU .M 
28.0 M. 

----------SYSTEM DESIGN ANALYSIS---------·-

FLAT PANEL MEAN AIR RAINFALL AVG. 
MONTH LANG LANG TEMP ( c) (AVG. .Ml·l) CU.M/DAY 

JAN 518 667 20.9 NA 53.8 
FEB 527 673 19.5 i1A 54.5 
HAR 518 654 20.6 l·~A 53.6 
APR 484 603 19.6 NA 50.4 
MAY 383 465 18.2 NA 39.8 
~TUN 442 546 15.9 NA 4P.5 
JUL 410 502 16.3 NA 43.1 
AUG 373 450 16.9 NA 38.4 
SEP 498 624 17.9 NA ~l. 9 
OCT 412 551 1 i3. 3 NA 47.0 
NOV 475 604 18.8 NA 50.4 
DEC 456 582 20.4 NA 48.7 

HOTE: TRACKER LIMIT ANGLE IS 45. 0 DEGP.EES FROM THE VERTICAL POSITION. 

PERFOR~ANCE OF SYSTEM AT INSTALLATION S!TE WILL VARY DEPENDENT 
UPON WEATHER CONDITIONS AND ADEQUACY OF IN3T.l\LLATION AND MAINTENANCE. 



Location 

Radiation station: 

Population: 

No. of wells: 

Wells: aquifer type 

depth 

yield 

drawdown 

Pumping uniu: 

motor 

pump 

no. of hours of operation 

fuel consumption 

Distribution: pipework 0 

length 

storage 

Array l.:>cation: 

Design: 

.!..0 I 

EL l.iof:J No. ., 

Moya le/Mega 

Small peTil!anent settlement, seasonal grazing 

I.B.H. and several • litional wells (ellas) 

Alluvium 

48m S.W.L. 27.36, P.W.L. 27.76 

2. S L/Sec Specifi:capacity 810.8 L/min/metre. 

0.4m after 9 hrs pumping at Q = 300 L/min. 

12.4 H.~. Lister, lOKVA 

i.S H.P. Pleuger submersible rated 109 l/min. 
at lSOm head. Pump set 38m. below ground. 

Full storage but \>Ould pump 12 hrs a day if 
cattle aroun~ Max Demand 86m3/day. 

2" 0 

64m. 

8m3, 6m elevation serving 2 t p stands and 
1 cat t~e trough ( 1 1/2 m \ :om \ O. -Im) 

Would have to be placed south oi :he storage 

tank - purr.r house and B.H. are north cf 

storage. 

Q :: ., L/Sec max. 

TDH = 3f. + 6 + 6 = Som 
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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 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING 

NOTE: EL GOFA N0.2 
INSOLATION DATA LOCATION: MEGA 

LATITUDE: 4.08 DEG N LONGITODE: 
GROUND REFLECTANCE: . 20 (J} 

DATE: 8TH DECEMBER 1986 
OPER: J GOODMAN 

(User Supplied) 

38.33 DEG E 

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

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 (5) X 4 (P) = 28 TOTAL 

---------PUMP SYSTEM--------­
Gru:idf os SP2-18 
XX-5 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

18. 4 CU. M 
50.0 M. 

----------SYSTEM DESIGN ANALY~lS----------

FLAT PANEL MEAN AIR RAINFALL AVG. 
MONTH LANG LANG TEMP (C) (AVG. ~l) CU.M/DAY 

JAN 518 574 20.9 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 NA 13.8 
SEP 498 495 17.9 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 

PERFORMANCE OF SYSTE11 AT INSTALLATION SITE WILL VARY DEPENDENT 
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE. 



- .J.V:;I' -

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 
ADDRESS: ETHIOPIA 

DATE: 8TH DECEMBER 1986 
OPER: J GOODMAN 

• APPLICATION: AC WATER PUMPING 
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

NOTE: EL GOFA N0.2 
INSOLATION DATA LOCATION: MEGA (User Supplied) 

LATITUDE: 4.08 DEG N LONGITUDE: 38.33 DEG E 
GROUND REFLECTANCE: .20 (J) 

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

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

------------ARRAY------------
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 (S) X 4 (P) = 28 TOTAL 

---------PUMP SYSTEM--------­
Grundf os SP2-18 
XX-5 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

24.5 CU.M 
50.0 M. 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL MEAN AIR RAINFALL AVG. 
MONTH LANG LANG TEMP ( c) (AVG. ~il1) CU.11/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 
APR 484 603 19.6 NA 25.8 
MAY 383 465 18.2 NA 19.8 
JUN 442 546 16.8 NA 23.6 
JUL 410 502 16.3 HA 21. 6 
AUG 373 450 1 t3 . 9 NA 19.0 
SEP 498 624 17.9 l~A 26.5 
OCT 442 551 18.3 NA 23.8 
NOV 475 604 18.8 NA 25.8 
DEC 456 582 20. "1 NA 24.9 

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

PERFORMANCE OF SYSTEM AT INSTAI..LATION SITE WILL VARY DEPENDENT 
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTEUANCE. 



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 0 

length 

storage 

Array location: 

Design: 
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Melbana No. l 

Mega/Moya le 

2000 people 

I .B.H. 

46m 

100 L/min airlift test. 

not visited. 

Sm~ storage at J ~etre elevations 

Q = LIS 

TOH = 50m. 
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DESIGN PROVIDED BY: Sol~r Electric international 
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP) 

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

COSTOMER: UNIDO SURVEY 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING 

NOTE: MELBANA N0.1 
INSOLATION DATA LOCATION: MEGA 

LATITUDE: 4.08 DEG N LONGITUDE: 
GROUND REFLEC~ANCE: .20 (J) 

DATE: 8TH DECEMBER 1986 
OPER: J GOODMAN 

(User Supplied) 

38.33 DEG E 

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

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

------------ARRAY------------
TILT ANGLE: 15.0 DEGREES 
MAX. PWR. CURRENT: 12. 2 A. 
MAXIMUM POWER: 1436.0 W. 

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

---------PUMP SYSTEM--------­
Grundf os SP2-18 
XX-5 
COUPLED TC l1.RRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

18.4 CU.M 
50.0 M. 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL MEAN AIR RAINFALL AVG. 
MONTH LANG LANG TEMP (C) (AVG. l'-lM) CU.M/DAY 

JAN 518 574 20. 9 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 HA 13.8 
SEP 498 495 17.9 NA 19.8 
OCT 442 460 18.3 NA 18.6 
NOV 475 518 lb.8 NA 20.7 
DEC 456 510 20.4 NA 20.3 

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) 

CUSTOMER: UNIDO SURVEY 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING 

NOTE: MELEANA N0.1 
INSOLATION DATA LOCATION: MEGA 

LATITUDE: 4.08 DEG N LONGITUDE: 
GROUND REFLECTANCE: .20 (J) 

DATE: 8TH DECEMBER 1986 
OPER: J GOODMAN 

(User .Supplied) 

38.33 DEG E 

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

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

------------ARRAY------------
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 (S) X 4 (P) = 28 TOTAL 

---------PUMP SYSTEM--------­
Grundfos SP2-18 
XX-5 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

24.5 CU.M 
50.0 M. 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL l"".iEAN AIR RAINFALL AVG. 
MONTH LANG LANG TEMP CC) (AVG. 1-111) 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 
APR 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 17.9 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 -,-. 
l.::> 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 0 

length 

storage 

.l.rray location: 

Design: 

~elbana No. 2 

Mega/Moyale 

2000 

PllDI? in.stalled at "lOm. 

2 L/S (airlift test) 

Belt driven Moyno. 

not visited. 

4m3 elevated storage adjacent to B.H. 

Q = 1.5 L/S. 

TOH = 'Or . 
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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 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING 

NOTE: MELBANA N0.2 
INSOLATION DATA LOCATION: MEGA 

LATITUDE: 4.08 DEG N LONGITUDE: 
GROUND REFLECTANCE: .20 (J) 

DATE: 8TH DECEMBER 1986 
OFER: J GOODMAN 

(User Supplied) 

38.33 DEG E 

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

WIRING INFORMA'rION: 60 FT. "(ROUND TRIP) OF 8 GAUGE W~RE 

-------··----ARRAY------------
TILT ANGLE: 15. 0 DEGREES 
MAX. PWR. CURRENT: 12.2 A. 
MAXIMUM POWER: i486.0 W. 

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

---------PUMP SYSTEM----~---­
Grundf os SPl-28 
102 VDC 1500 W XX-4 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

8.8 CU.M 
80.0 M. 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL MEAN AIR RAINFALL AVG. 
MONTH LANG LANG TEMP ( c) (AVG. MM) CU.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 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 373 359 16.9 HA 6.4 
SEP 498 495 17.9 NA 9.6 
OCT 442 460 18.3 ~;A 9.0 
NOV 475 518 18.8 NA 10.0 
DEC 45b 510 20.4 NA 9.8 

NOTE: ARR.r·· TO FACE TRUE SOUTH 

PERFORMANCE OF SYSTEM AT IH;.'-f.:..LATION ;:. . AfiY DEPENDENT 
UPON WEATHER CONDITIONS AND ;~!: _:!ACY C: ION AND MAINTENANCE. 
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DESIGN PROVIDED BY: Solar Electric International 
STAND-ALONE SYSTEM DESIGN PROGRAM (~V/WATER PUMP) 

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

.. 

CUSTOMER: UNIDO SURVEY 
ADDP..ESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING 

DATE: 8TH DECEMBER 1986 
OPER: ,J GOODMAN 

--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
NOTE: MELBANA N0.2 
INSOLATION DATA LOCATION: MEGA (User Supplied) 

LATITUDE: 4.08 D~G N LONGITUDE: 38.33 DEG E 
GROUND REFLECTANCE: .20 (J) 

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

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

------------ARRAY------------
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 (S) X 4 (P) = 28 TOTAL 

---------PUMP SYSTEM--------­
Grundf os SPl-28 
102 VDC 1500 W XX-4 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

11. 8 CU .M 
80.0 M. 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL MEAN AIR RAINFALL AVG. 
MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY 

JAN 518 667 20.9 NA 13.4 
~B 527 673 19.5 NA 13.5 
MAR 518 654 20.6 NA 1.'3 . 3 
APR 484 603 19.6 ' l A l..n l~' - 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 9.0 
SEP 498 624 17.9 NA 1? ,, 

-·'-' 
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 rs 45.0 DEGREES FROM THE VERTICAL POSI7ION. 

'PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT 
uPON WEATHEP CONDITIONS AND ADEQUA~Y OF INSTALLATION AND MAINTENANCE. 



Location 

Radiation station: 

Population: 

~o. of wells: 

Wells: aquifer type 

depth 

yield 

drawdown 

Pumping units: 

moto·r 

pump 

no. of hours of operation 

fuel consumption 

Distribution: pipework 0 

length 

storage 

l.rray loca· io.1: 

Design: 

176 -

Chilango 

Mega 

Seasonal demand 

I.E.H. ~ traditional wells. 

Soft clay rich limestone. 

lOSm. s.w.L. SOm 

20 L/min. 1/3 L/Seo spec capacity 
4.27 L/min/m 

16 KW Petter generator 

8 HP ESP with 20 stages 

Install pump at 83m. 

3 4m 4.5~ above G.L. 

Max Q = 1/3 L/Sec 

TDH = 8~ + .l. 5 + 1.5 
= 89m. 

• 
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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/GS) 

CUSTOMER: ONIDO SURVEY 
ADDRESS: ETHIOPIA 

• APPLICATION: AC WATER PUMPING 

NOTE: CHILANGO 
INSOLATION DATA LOCATION: MEGA 

LATITUDE: 4.08 DEG N LONGITUDE; 
GROUND REFLECTANCE: .20 (J) 

DATE: 8TH DECEMBER 1986 
OPER: J GOODMAN 

(User Supplied) 

38.33 DEG E 

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

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

------------AJffi.AY------------
TILT ANGLE: 15.0 DEGREES 
MAX. PWR. CURRENT: 12.2 A. 
MAXIMUM POWER: 1486. 0 W. 

AS INC MSG 3.05 A. @ 17.4 V. 
1 (S) X 4 (P) = 28 TOTAL 

---------PUMP SYSTEM--------­
Grundf os SPl-28 
102 VDC 1500 W XX-4 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

8.0 CU.M 
89.0 M. 

----------SYSTEl1 DE.~IGN ANALYSIS----------

FLAT PANEL NEAN AIR RAINFA!..L AVG. 
MONTH LANG LANG TEMP (C) (AVG. Ml1) CU.NIDAY 

JAN 518 574 20.9 NA 10.0· 
FEB 527 560 19.5 NA 9.8 
t1AR 518 524 20.6 NA 9.2 
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 lM 6 ';> .... 
AUG 373 359 15.9 Pit 5. '7 

SEP 498 485 17.9 UA 8. I 

OCT 442 460 18.3 NA 8.1 
NOV 475 518 18.8 NA 9.2 
DEC 456 510 20.4 NA 9.0 

NOTE: ARRAY TO FACE TRUE SOUTH 

PERFORMANCE OF SYSTE11 AT INSTALLATION SITE 'WILL VARY DEPElmENT 
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE. 
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DESIGN PROVIDED BY: Solar Electric International 
STAND-ALONE SYSTEH DESIGN PROGRAM (PV /WATEF~ PUl".'P) 

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

CUSTOMER: UNIDO SURVEY 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING 

DATE: 8TH DECEMBER 1986 
OPER: J GOODMAN 

--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
NOTE: CHILANGO 
INSOLATION DATA LOCATION: MEGA (Oser· Supplied) 

LATITUDE: ~.08 DEG N LONGITUDE: 38.33 DEG E 
GROUND REFLECTANCE: .20 (J) 

--- --- -··- _.,. ... _ --- --- --- --- --- --- --- ---
----------SELECTED SYSTEM DATA---------­

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

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

AS INC M55 
7 ( S) X 

3.05 A. @ 17.4 V. 
4 (P) = 28 TOTAL 

---------PUMP SYSTEM---·-----­
Grundfos SPl-28 
1C2 VDC 1500 W XX-4 
COUPLED TO A:P.RAY @ 105 VOLTS 

AVG. DAILY OCTPUT: 
SYSTEM HE.AD: 

10.8 CU.M 
89.0 M. 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL l"lEAN AIR RAINFALL AVG. 
1-lONTH LANG LANG TEMP ( c) (AVG. 1·il'1 ) CU.M/DAY 

JAN 518 667 20.9 NA 12.4 
FEB 527 673 19.5 NA 12.6 
MAR 518 654 20.6 NA 12.3 
APR 484 603 19.6 NA 11. 4 
MAY 383 465 u:.2 NA 8.5 
JUN 442 546 1 E:. 8 NA 10.3 
JUL 410 502 16.3 p fi , .. 9.4 
AUG 373 450 16.9 ll ' l."ul 8.1 
SEP 498 624 l 7. 9 i~;.. 11.8 
OCT 412 551 18.3 NA 10.4 
NOV 475 604 18.8 NA 11. 4 
DEC 456 582 20. <l NA 10.8 

NOTE: TRACKER T_.IMIT ANGLE rs 45.0 DEGREES FROM THE VERTICAL POSITION. 

PERFOfov!AN CE Oli' SYSTE:1 AT Il-lSTALLATION SITE WII.L Vi.F~Y DEPENDENT 
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AlW 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 0 

length 

storage 

:\rray location: 

nesign: 
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Bokul bona No. 3 

Me ea. 
50,000 nomods and 10,CCO c~ttle seasonall)· 

1 Borehol"e, 2 Boreholes in Army camp a 
small settlement l Km away, seasonal demand. 

S&nd, weatneri.n~ product of granite. 

7lm, S ••• L. 39.5, Drawdown 2.59m at 
R • 200 L/mn (67 hours pump test) 

200 L/Min or 3.3 L/Sec 

2 .59m at yield in Janu.ry. 

Lister 12 HP, 10.6 KVA 

7 .5 EP Pluger rateti 2CC L/?•:in at 100 - 120:;'. 
pump installed at 68.3~ below G.L. 

Army take up to 10m3/c2y; during peak 
stocking ~ea3ons up to 8 hrs a day 
pumping lOOm with fuel consumption 
25 litres/day. The cattle owners pay for 
the diesel. 

2" fJ 

Total ice:: 

Stora~ tar,}: is :.~~e-=.i':'.tel~· Soct~ of pu.'!!:p 
r..ou'9e ana borehole so arra~· location -to l:e 
South of stora.17e. 

Q • ':I .. 
.)OJ L/S ma.x 

TDF. • 63 + 0 + - • 80m ir. worst 
time of yea?". 
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DESIGN PROVIDED BY: Solar Electric International 
STAND-ALONE SYSTEM DESIGN PROGP..AM (PV /WATER PUMP) 

(SASY/H Ver 5.0 6/20/86) 
--- --- --- --- ·--- --- --- --- --- --- --- --- --- --- --- ---

CUSTOMER: UNIDO SURVEY 
ADDRESS: ETHIOPIA 

DATE: 8TH DECEMBER 1986 
OFER: J GOODMAN 

APPLICATION: AC WATER PUMPING 
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --~ 

NOTE: BOKUL BONA N0.3 
INSOLATION DATA LOCATION: MEGA 

LATITUDE: 4.08 DEG N LONGITUDE: 
GROUND REFLECTANCE: .20 (J) 

(User Supplied) 

38.33 DLG E 

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

WIRING INFORMATION: 60 FT. CROUN~ TRIP) OF 8 GAUGE ~IRE 

------------P_RRAY--~---------
TILT ANGLE: 15.0 DEGREES 
MAX. PWR. CURRENT: 12. 2 A. 
MAXIMUM POWER: 1486.0 W. 

AS INC M55 
7 (S) x 

3.05 A. @ 17.4 V. 
4 (P) = 28 TOTAL 

---------PUMP SYSTEM--------­
Grundf os SPl-28 
102 VDC 1500 W XX-4 
COUPLED TO ARF.AY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

8.6 CU.M 
80.0 :M. 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL NEAN AIR RAINFALL AVG. 
MONTH LANG LANG TE.MP (C) (AVG. MM) CU.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 :1A 9. Q. 

MAY 383 362 18.2 ~~A 6.4 
JUN 442 406 16.9 NA 7.5 
JUL 410 382 16.3 NA 7.0 
AUG 373 359 16. ~] llA 6.4 
SEP 498 495 17.9 l~A 9.6 
OCT 442 460 18.3 NA 9.0 
NOV 475 518 18.8 NA 10.0 
1)EC 456 510 20.4 11A 9.8 

NOTE: ARRAY TO FACE TRUr:: SOTJTH 

PERFORMANCE OF SYSTEM AT INSTALLATION SITZ WILL VARY DEPENDENT 
UPON WEATHER CONDITIONS AND ADEQUACY OF ,.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 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING 

NOTE: BOKUL BONA N0.3 
INSOLATION DATA LOCATION: MEGA 

LATITUDE: 4.08 DEG N LONGITUDE: 
GROUND REFLECTANCE: .20 (J) 

DATE; 8TH DECEMBER 1986 
OPER: J GOODMAN 

(User Supplied) 

38.33 DEG E 

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

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

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

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

---------PUMP SYSTEM--------­
Grundfos SPl-28 
102 VDC 1500 W XX-4 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
S'fSTEM HEAD: 

J.1.8 CU.M 
80.0 M. 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL MEAN AIR RAINf.;LL AVG. 
MONTH LANG LANG TEMP (C) (AVG. t~l~1 ) CU.HIDAY 

JAN 518 667 20.9 NA 13.4 
FEB 527 673 19.5 NA 13.5 
MAR 518 654 20.6 nA 13.3 
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 9.0 
SEP 498 624 17.9 NA 12.8 

. OCT 442 551 13.3 NA 1 ~ .. 5 
NOV 475 604 18.8 NA 12.5 
DEC 456 582 20.4 NA 12.0 

l~OTE: TRACKER LIMIT ANGLE I3 45.0 DEGREES FR~rJl rrµr. ..... ~ Vi'.:RTICf.L POSITIOl~. 

PERFORMANCE OF SYSTEM AT INSTAL~ATION SITE f .......... 
W.iL;,., VAEY DEPENDENT 

UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE. 



location 

Radiation station: 

Population: 

No. of wells: 

Wells: aquifer type 

depth 

yield 

drawdowr. 

Pumping units: 

motor 

pump 

no. of hours of operation 

fuel consumption 

Distribution: pipework 0 

length 

storage 

.~rray location: 

Design: 
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Dolo Mekala ~o.l 

Mega 

2600 + 10,000 cattle. 

l borehole and traditional wells (ellas) 

F~actured Zones b&sement rock 

13lm, S.W.L. 42.5, P.W.L. 66.6 

24.lm at 75 L/min. after 25 hrs 

High Fe ccntent 0.7rng/l almost double allowable 

Mitsui Deut: 32 HP, l6KVA (co~tactcr is broken) 

8 H.P. Andoli submersible rated 2G01/min at 
135 - loom i!1stalle<l a1: depth of 86m. 

S hrs/day, seasonal 

25 litre/day at peak. 

,,. 

2-:-0 metre tota.l 

\o ·roblems 

Q = 2. i:; L/Sec max 

TOH= SJ+ 1.7 + 5.82 • ~.~ + 13.5 

= 111.52 at Q max. 

'.'iote: If storage removed to B.H. site near trough, head would be 95m (this is 

more realistic) . 
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DESIGN PROVIDED BY: Solar Electric International 
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/Wf.TER PUMP) 

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

CUSTOMER: UNIDO SURVEY 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING 
... ~--- --- --- -- -

ciOTE: DOLO MEKb.LA NO.l 
INSOLATION DATA LOCATICN: MEGA 

LATITUDE: 4.08 DEG N LONGITUDE: 
GROUND REFLECTANCE: .20 (J! 

DATE: 8TH DECEMBER 1986 
OPER: J GOODMAN 

cqser Supplied) 

38.33 DEG E 

-----------SELJi.C'I'ED SYSTEM DATA----------

WIRING !NFORMA"::LON: 60 FT (ROUND TRIP) OF 8 GAUGE WIRE 

------------P.?..RA~---------~--
TIL'f ANGI..E: 15. 0 DEGF.EES 
l"'..AX. PWt~. CUI'.RENT: 12. 2 A. 
MAXI!'filM POWER: 1486.0 W_ 

AS INC M55 3.05 A. @ 17.4 V. 
7 ( 5) x 4 (?) = 28 TOTAL 

---------PUMP SYSTEM--------­
Grundf os SPl-28 
102 VDC 1500 W XX-4 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAIL~ OUTPUT: 
SYSTEM HEAD: 

6.4 CU.M 
111. 5 M. 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL l1EN,J AiR F~AINFALI.. AVG. 
l10NTH LANG LANG TEMP ( c) (AVG. MM) CU.M/DAY 

JAN 518 574 20.9 NA 8.2 
FEB 527 560 19.5 NA 8.1 
MAR 518 524 20.6 NA 7.5 
APR 484 468 19.7 NA 6.4 
MAY 383 202 18.2 NA 4.3 
JUN 442 406 16.9 NA 5.1 
JUL 410 382 16.2 NA 4.7 
AUG ':I '7 -:i 359 16.9 NA 4.2 .., '.., 
SEP 498 495 17.9 NA 7.0 
OCT 44'2 460 13.3 NA 6.4 
NOV 475 518 18.8 NA 7.5 
DEC 456 510 2G.4 NA 7.3 

NOT::!:: ARRAY TO FACE TRUE SOUTH 

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT 
\JPON 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 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING 

NOTE: DOLO MEKALA N0.1 
INSOLATION DATA LOCATION: MEGA 

LATITUDE: 4.08 DEG N LONGITUDE: 
GROUND REFLECTANCE: .20 (J) 

DATE: 8TH DECEMBER 1986 
OPER: J GOODMAN 

(User Supplied) 

38.33 DEG E 

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

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

------------ARRAY------------
HORIZONTAL (N-S) AXIS TRAC~·-TNG 
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--------­
Grundf os SPl-28 
102 VDC 1500 W XX-4 
COUPLED TO AFCRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYST..!:M HEAD: 

8.7 CU.M 
111.5 M. 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL MEAH AIR RAINFALL AVG. 
MONTH LANG LANG TEl·lP ( c) (AVG. MM) CU.M/DAY 

JAN 518 667 20. 9 NA 10 3 
FEB 527 673 19.5 NA 10.4 
MAR 518 654 ~0.6 NA 10.2 
APR 484 603 19.7 NA 9.3 
MAY 383 465 18.2 NA 6.5 
~TUN 442 546 16.9 NA 8.2 
JUL 410 502 16.3 NA 7.2 
AUG 373 450 Hi.9 N.t\ 6 ,.~ . ._ 

SEP 498 624 17.9 NA G ..., 
~ • I 

OCT 442 551 18.3 NA 8.4 
NOV 475 604 18.8 NA 9.4 
DEC 456 582 20.4 l\;\ 8.9 

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

PERFORMANCE OF SYSTEM AT INSTf'.LLATION SITE WILL VARY DEPEi~DENT 
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE. 



', 

Location 

Radiation station: 

Population: 

No. of wells: 

Wells: aquifer type 

depth 

yield 

drawdown 

Pwnping units: 

motor 

pump 

no. of hours of operation 

fuel consumption 

Distribution: pipework 0 

length 

storage 

.\rray location: 

Design: 

Tuka No. l 

Moya le/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). 

-l hrs/day 

200 litres/month 

:-.io Distribution 

\o Storage lproposed at old road camp site) 
"" ~' Som, elevati~n • 6ma 

East of Borehole on slope above flood level 

Q = 1 L/Sec. 

TOH= 20 + b + 0.- = 2b.7m 

\ote: The casing protrudes I.Sm out of ground and is ~elded on at an angle. 

This would have to be removed. 
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DESIGN PROVIDED BY: Solar Electric International 
STAND-ALONE SYSTE11 DESIGN PROGRAM (PV /WATEH PUMP) 

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

CUSTOMER: UNIDO SURVEY 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING 

NOTE: TUKA NO.l 
INSOLATION DATA LOCATION: MEGA 

LATITUDE: 4.08 DEG N LONGITUDE: 
GROUND REFLECTANCE: .20 (J) 

DATE: 8TH DECEMBER 1986 
OPER: .} GOODMAN 

(User Supplied) 

38.33 DEG E 

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

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 
7 (S) X 

3.05 A. @ 17.4 V. 
4 (P) = 28 TOTAL 

---------Put1P SYSTEM--------­
Grundf os SP4-8 
102 VDC 1500 W XX-f 
COUPLED TO ARRAY @ 10~ .OLTS 

AVG. DAILY OUTPr 
SYSTE11 HEAD: 

37.7 CU.M 
27.0 M. 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL MEAN AIR RAINFALL AVG. 
HO NTH LANG LANG TEMP ( c) (AVG. 1-11-l ) CU.:t-1/DAY 

JAN 518 574 20.9 NA 44.9 
FEB 527 560 19.5 NA 44.1 
MAR 518 524 20.6 NA 41. 8 
APR 484 468 19.6 NA 38.1 
MAY 383 362 18.2 NA 29.3 
JUN 442 406 16.9 NA 33.2 
JUL 410 382 16.3 tiA 21. 2 
AUG 373 359 16.9 )1" 

... '1 ......... 29.3 
SEP 498 495 17.Q :·~:~ 40.1 
OCT 442 460 18.3 1·· .• . . r. 37.9 
NOV 475 518 18.8 n1~ '11. 8 
DEC 456 510 20.4 tJ • .:.. •11. l 

NOTE: ARRAY TO Fi\ CE TRUE SOUTH 

?ERFORMANCE OF SYSTEM AT I NS Ti\L.L,\ TI ON SITE \·1~ILL VARY DEPElrnENT 
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE. 
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DESIGN PROVIDED BY: Solar Electric Intcrna-:.icDal 
STAND-ALONE SYSTEM DESIGl.~ PROGRAM ( ?V /WATER PUMP) 

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

CUSTOMER: UNIDO SURVEY 
ADDRESS: ETHIOPIA 

• APPLICATION: AC W~TER PUMPING 

NOTE: TUKA ~0.1 
INSOLATION DATA LOCATION: MEGA 

LATITUDE: 4.08 DEG N LONGITUDE: 
GROUND REFLECTANCE: .20 (J) 

DATE: 8TH DECEMBER 1986 
OFER: J GOODMAN 

(User Supplied) 

38.33 DEG E 

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

WIRING INFOR.'iATION: 60 FT. (ROUND TRIP) OF 8 GAUGE WIRE 

------------ARRAY------------
HORI ZONTAL (N-S) AXIS TRACKING 
MAX. PWR. CURRENT: 12.2 A. 
MAXIMUM POWER: 1486. 0 H. 

AS INC M55 
7 ( S) X 

3.05 A. @ 17.4 V. 
4 (P) = 28 TOTAL 

---------PUMP SYSTEM--------­
Grundf os SP4-8 
102 VDC 1500 W XX-5 
COUPLED TO ARRAY ® 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

49.5 CU.M 
27.0 M. 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL t-ill."'.N AIR RAINFI1.LL I.VG. 
MONTH LANG LANG TE11P ( c) (AVG. MM) CU.M/DAY 

,TAN 518 667 20.9 1\7 ;\ 55.2 
FEB 527 673 19.5 NA 55.9 
MAR 518 654 20.6 NA 55.0 
APR 484 603 19.6 NA 51.8 
MAY 383 465 18.2 PA 41.3 
JUN 442 546 16.9 NA 47.9 
,TTJL 410 502 l6.3 NA 44.5 
;..UG 373 450 - ~ 0 

- tJ . ~ NA 39.8 
SEP 498 624 17.9 N' ;\. 5 ':l ,., ._,. (.. 

OCT 442 551 18.3 NA 48 .. 3 
NOV 475 604 13.8 NA 51.8 
DEC 456 582 20.4 NA 50. 0 

NOTE: TRACKER LIMIT ANGLE IS 45.0 DEGREES FRO~l THE VERTICAL POSITIO!J. 

PERFORMANCE OF SYSTEM AT I NS T d ... :.,1~ TI ON SITE WILL VARY DF.PENDE:n 
UPON WEATHER CONDITIONS AND P.DEQCACY GF INSTALLATION AND MAINTENANCE. 
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DESIGN PROVIDED BY: Solar Electric International 
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP) 

(SASY/H Ver 5.0 6/20/86) 
--- --- --- --- --- --- --- --- --- --~ --- --- --- --- --- ---

CUSTOMER: UNIDO SURVEY 
ADDRESS: ETHIOPIA 

DATE: 8TH DECEMBER 1986 
OPER: J GOODMAN 

APPLICATION: AC WATER PUMPING 
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

NOTE: TUKA NO.l 
INSOLATION DATA LOCATION: MEGA (User Supplied) 

LATITUDE: 4.08 DEG N LONGITUDE: 38.33 DEG E 
GROUND REFLECTANCE: .20 (J) 

--- --- --- --- --- --- --- --- --- --- --- --- --- ---

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

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

------------ARRAY------------
HORI ZONTAL (N-S) AXIS TRACKING 
MAX. PWR. CURRENT: 9.1 A. 
MAXIMUM POWER: 1114.5 W. 

AS INC M55 
7 ( S) X 

3.05 A. @ 17.4 V. 
3 (P) = 21 TOTAL 

---------PUMP SYSTEM--------­
Grundf os SP4-8 
102 VDC 1500 W XX-~ 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAI:Y OUTPUT: 
SYSTEM HEAD: 

37.9 CU.M 
27.0 M. 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL MEJl.U AIR RAHff i-.LL AVG. 
1-JONTH LANG LANG TEl--J? ( c) (AVG. MM) CU.M/DAY 

JAN 518 667 20.9 
, .. 
l'~i~ 43.9 

FEB 527 673 19.5 r~ ' . , ... ...,. •l 4. 4 
MAR 518 654 20.G l!A 43.4 
APR 484 603 19.6 ,. ' 40.2 ~·, t1. 

MAY 383 465 18.2 lTP ... 29. 3 
,TUN 442 546 16.9 !lA '."-) 6. 2 
,JUL 410 502 16.3 '1 ·. l..t'. 32.6 
AUG 373 450 16.9 : 7 J\ 23.0 
SEP 498 624 17.9 \ 1 .• '11 . 

~ 

.. ., ~ ~ I 

OCT 442 :i 51 .: ;3. '.'"J. 1'<~1 '.1 i" '7 
·- :..J. 

NOV 475 604 18.8 >1 A ;.L, .. 4 (I • I~ 

DEC 456 ~ " ') ::,; 0 ._ 20. Ll : ~ ..:-~ 'J " ~ '-' 0' :) 

l<C;TE: TRACKER LIMIT ANGLE I~ 115. 0 DEGREES F?~'J:"l THE VERTIC!~L POSITION. 

PERFORMANCE OF SYS':'EM AT INSTALLliTION SITE w::,L Vi.RY DEPEtrnEN'i' 
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCS. 
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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 
ADDRESS: ETHIOPIA 

DATE: 8TH DECEMBER 1986 
OPER: J GOODMAN 

l . APPLICATION: AC WATER PUMPING 
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

NOTE: GEBELE BONO N0.1 
INSOLATION DATA LOCATION: GIDOLE 

LATITUDE: 5.62 DEG N LONGITUDE: 
GROUND REFLECTANCE: .20 (J) 

(User Supplied) 

37.48 DEG E 

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

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

------------ARRAY------------
TILT ANGLE: 15.0 DEGREES 
~..AX. PWR. CURRENT: 12.2 A. 
MAXIMUM POr?ER: 1486. 0 W. 

AS INC M55 
7 (S) X 

3.05 A. @ 17.4 V. 
4 (P) = 28 TOTAL 

---------PUMP SYSTEM--------­
Grundf os SP2-18 
XX-5 
COUPLiD TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

16.9 CU.M 
55.0 11. 

----·------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL MEAN AIR RAINFALL AVG 
MONTH LANG LANG TEMP ( c) (.AVG. l1M) Cll.M/DAY 

JAN 510 568 16.4 NA 20.6 
FEB 5::12 569 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 HA 14.3 
,"TUN 466 429 15.4 UA 15.1 
.JUL 397 373 15.4 t;A 12.5 
AUG 380 367 15.S !1:.\. 12.4 
SEP 445 44 5 16.8 1'1 u ' .. 16. 1 
OCT 465 4 (j 7 16.9 NA 17.8 
NOV 492 541 16.8 NA 19.7 
DEC 498 563 16.4 1'' ,; ". 20.4 

NOTE: AP.RAY TO FACE TRUE SOUTH 

PER FORMAN CE ·JF SYSTEM AT INSTALLATIOH SITE WILL VARY DE?ENDENT 
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTEN.Al~CE. 
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DESIGN PROVIDED BY: Solar Electric International 
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP) 

CSASY/M Ver 5.0 6/20/86) 
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

CUSTOMER: UNIDO SURVEY 
ADDRESS: ETHIOPIA 

DATE: 8TH DECEMBER 1986 
OPER: J GOODMAN 

APPLICATION: AC WATER PUMPING 
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

NOTE: GEBELE BONO NO.l 
INSOLATION DATA LOCATION: GIDOLE 

LATITUDE: 5.62 DEG N LONGITUDE: 
GROUND REFLECTANCE: .20 (J) 

(User Supplied) 

37.48 DEG E 

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

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

------------ARRAY------------
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 (SJ X 4 (P) = 28 TOTAL 

--- --- --- --- --- --- --~ ---

---------PUMP SYSTEM--------­
Grundfos SP2-18 
XX-5 
COUPLED TO Af(RAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

22.6 CU.M 
55. 0 t-:. 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL MEAN AIR RAINFALL AVG. 
MONTH LANG LANG TEMP ( c) (AVG. MM) CU.11/DAY 

JAN 510 658 16.4 NA 25.5 
FEB 532 683 17.1 NA 26.3 
MAR 452 563 17.6 NA 22.l 
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 t.82 15.4 NA 18.4 
AUG 380 458 15.8 NA 17.2 
SEP 445 551 16.8 NA 21. 6 
OCT 465 585 16.9 UA 23.0 
NOV 492 631 16.8 NA 24.6 
DEC 498 643 16.4 t~A 25.0 

NOTE: TRACKER LIMIT ANGLE IS 45.0 DEGREES FROI1 THE VERTICAL POSITION. 

PERFORMANCE OF SYSTEM AT INSTALLATION s::TE WILL VARY L'EPENDENT 
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE. 
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DESIGN PROVIDED BY: Solar Electric International 
STAND-ALONE SYSTEM DESIGN PROGP..AM (PV/WATER PUMP) 

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

CUSTOMER: UNIDO SURVEY 
ADDRESS: ETHIOPIA 

DATE: 8TH DECEMBER 1986 
OPER: J GOODMAN 

APPLICATION: AC WATER PUMPING 
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

NOTE: GARDULA N0.2 (GUMAIDE) 
INSCLATION DATA LOCATION: GIDOLE 

LATITUDE: 5.62 DEG N LONGITUDE: 
GRODND REFLECTANCE: .20 (J) 

(User Supplied) 

37.48 DEG E 

--- --- --- --- --- --- --- --- --- --- --- --- --- ---
----------SELECTED SYSTE~ DATA---------­

WI~ING INFORMATION: 60 FT. (ROUND TRIP) OF 8 GAUGE WIRE 

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

AS INC M55 
7 (5) x 

3.05 A. @ 17.4 V. 
4 (P) = 28 TOTAL 

---------PUMP ~YSTEM--------­
Grr.·;.df os SP2-13 
XX-·:-. 
SOUPLED TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTE~T: 
SYSTEM HEAD: 

22.6 CU.M 
. 55.0 M. 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL l"iEAN AIR RAINFALL AVG. 
MONTH LANG LANG TE~1P ( c) (AVG. MM) CU.HIDAY 

JAN 510 658 16.4 NA 25.5 
FEB 532 683 17.l NA 26.3 
MAR 452 563 17.6 NA 22.1 
APR 497 620 17.3 NA 24.3 
MAY 435 534 17.8 HA 20.8 
JUN 466 576 15.4 NA 22.6 
JUL 397 482 15.3 NA 18.4 
AUG 380 458 15.8 :'u. 17.2 
SEP 445 551 16.8 HA 21. 6 
OC'f 465 585 16.S NA 2~1. 0 
N0V 492 631 16.8 NA 24.6 
DEC 498 643 18. '~ t:A 25.0 

NOTE: TRACKER LIMIT ANGLE IS •15. 0 DEGF~EES FROM 1rr-rs VERTICAL POSITION. 

?ERFOR11ANCE OF SYSTEM AT INST.iiLLATION SITE WILL VAF:Y DEPENDENT 
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE. 
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DESIGN PROVIDED BY: Solar Electric Inte=national 
STAND-ALONE SYSTEM DESIGN PROGRA.'1 ( PV /WATER PUMP) 

(SASY/M Ver 5.0 G/20/86) 
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

CUSTCMER: UNIDO SURVEY 
ADDRESS: ETHIOPIA 

DATE: 8TH DECEMBER 1986 
OFER: J GOODMAN 

APPLICATION: AC WATER PUMPING 
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

NOTE: GARDULA N0.2 (GUMAIDF.) 
INSOLATION DATA LOCATION: GIDOLE 

LATITUDE: 5.62 DEG N LONGITUDE: 
GROUND REFLECTANCE: .20 (J) 

(User Supplied) 

37.48 DEG E 

--- --- --- --- --- --- --- --- --- --- --- --- --- ---

----------SELECTED SYSTEM D . .- ---------­

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 ~-

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

--- --- --- --- --- --- --- ---

---------PUMP SYSTEM--------­
Grundf os SP2-18 
XX-5 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 
--- --- --- --- ---

16.9 CU.M 
55.0 1-1. 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL MEAN AIR RAINFALL AVG. 
MONTH LANG LANG TE11P ( c) (AVG. MM) CU.M/DAY 

JAN 510 568 16.4 NA 20.6 
FEB 532 559 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 15.3 NA 1 'i 4 ..... 
SEP 445 445 16.8 l~A 16.1 
OCT 465 4g7 16.8 tlA 17.8 
NOV 492 541 16.8 NA 19.7 
DEC .J.98 563 16.4 ~LA 20.4 

NOTE: ARRAY TO FACE TRliE SOUTH 

PERFORMANCE OF SYSTEM AT INST/;.LLATION SITE WILL VARY DEPEHDENT 
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENA11CE. 



Location 

Radiation station: 

Population: 

No. of wells: 

11clls: aquifer type 

depth 

yield 

drawdown 

Pumping units: 

motor 

pump 

no. of hours of operation 

fuel consumption 

Distribution: pipe~ork 0 

length 

storage 

.i..rr::iy location: 

Dc-;ign: 

tla.chy gc Eusha. 

Sodo 

50GC 

1 B.H. ahd some shallow seasor.e.l wells 

Clinkers between lava flows 

lCCm s.:i.L. 30.54m, P.11.t .• 40. 78m 

Specific capacity 23.44 l/rrrin/met~e 
but seasonal variation. 

10.24m after 22 hrs at ' = 4 L/Min. 

Lister 3 H.P. 

~el t driven l"obC:ins .:: rr.eyer ?fono pump. 
pumpi n;c- c:t 5C~ for t es't, inst al a.t 7Cm. 

6 hr/da.y. 

2" fl 

375m 

~ 3 
;:::.!".'. ~tc!'a.~e, 7'7' elev2-:ic:1 ~er•:i!"!g 
3 ~oi~t~ ~i~~ fawcet~2 • 

Q. :: 1 L/S max. 
TDE = 5c + 17 • .12 

= 7C .IL2 

If storaee moved to site witt no 
distribution ther. TDE = 50 + 7 + 1 
say 6Cm 

~..:_ The well ne~ds cleaninE- er s..irging - origional gravel for screen 
was no-t washed ~nd <> high clay content we.a reported in driilinf!.­
Log. 
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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 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING 

DATE: 8TH DECEMBER 1986 
OPER: J GOODMAN 

--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
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) 

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

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 
7 (S) X 

3.05 A. @ 17.4 V. 
4 (P) = 28 TOTAL 

---------PUMP SYSTEM--------­
Grundfos SPl-28 
102 VDC 1500 W XX-4 
COUPLED TO AP.RAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

8.7 CU.P. 
80.0 M. 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL MEAN AIR RAINFALL AVG. 
MONTH LANG LANG TEMP ( c) (AVG. MM) CU.M/DAY 

~TAN 479 536 ') 1 ') 
'- ..... '- HA 10.2 

FEB 488 523 21. 9 NA 10. (J 

MAR 504 514 .~ i. 4 NA 9.8 

APR 488 475 20.8 NA 9.1 
MAY 438 414 19.8 NA 7.8 

JUN 421 392 18.5 NA 7.2 
JUL 347 329 17.2 NA 5.5 
AUG 374 363 .:. 7. 4 NA 6.5 
SEP 430 431 19. l NA 8.4 

OCT 476 501 20. 0 NA 9.6 
NOV 510 564 21.l NA 10.6 
DEC 473 537 2i. 0 NA 10.2 

NOTE: ARRAY TO FACE TRUE SOUTH 

PERFORMANCE Of SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT 
CPON WEATHEX CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENA~!r.F. 
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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 
ADDRESS: ETHIOPIA 

DATE: 8TH DECEMBER 1986 
OPER: J GOODMAN 

• . APPLICATION: AC WATER PUMPING 
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

NOTE: WACHYGA BUSHA CEXISTING DISTRIBUTION SYSTEM) 
INSOLATION DATA LOCATION: SODO (User Supplied) 

LATITUDE: 6.83 DEG N LONGITUDE: 37.72 DEG E 
GROUND REFLECTANCE: .20 (J) 

--- --- --- --- --- --- --- --- --- --- --- --- --- ---

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

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

------------1.Jffi.AY------------
HORIZONTAL (N-S) AXIS TRACKING 
MAX. PWR. CURRENT: 12.2 A. 
MAXIMUM POWER: 1486. O W. 

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

---------PUMP SYSTEM--------­
Grundf os SPl-28 
102 VDC 1500 W XX-4 
COUPLED TO J\RRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

11.5 CU.M 
80.0 M. 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL MEAN AIR RAINFALL ... 4,.., 
J"..Yu. 

MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY 

JAN 479 617 21. 2 NA : 2.. 5 
FEB 488 623 21. 9 NA 12.6 
t-f.AR 504 636 21. 4 NA l2.9 
APR 488 607 20.8 NA :2.5 
MAY 438 536 19.8 NA 11.2 
JUN 421 513 18.5 NA 10.7 
JUL 347 413 1 7.:: NA 7.9 
AUG 374 449 , ... ll. 

• I .. n . .:... 9.0 
SEP 430 530 19.1 NA ::.1 
OCT 476 602 20.0 l>T •, 

!.'1~'"\ 12.3 
NOV 510 658 21.1 NA :.. 3. 1 
DEC 473 611 21. 0 NA 12.4 

NOTE: TRACKER LIMIT ANGLE IS 45.0 DEGREES FRCM 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 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING 

DATE: 8TH DECEMBER 1986 
OPER: J GOODMAN 

--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
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) 

--- --- --- --- --- --- --- --- --- --- --- --- --- ---

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

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

------------ARRAY------------
TILT ANGLE: 15.0 DEGREES 

---------PUMP SYSTEM--------­
Grundf os SP2-18 

MAX. PWR. CURRENT: 12.2 A. 
MAXIMUM POWER: 1486.0 W. 

AS INC M55 
7 (S) X 

3.05 A. @ 17.4 V. 
4 (P) = 28 TOTAL 

XX-5 
COUPLED TO AFIB.AY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

14.7 CU.M 
6C.O H. 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL MEAN AIR RAINFALL AVG. 
MONTH LANG LANG TEMP ( c) (AVG. MM) CU.M/DAY 

JAN 479 536 21. 2 NA 17.6 
FEB 488 523 21. 9 NA 17.1 
MAR 504 514 21. 4 NA 16.8 
APR 488 475 20.8 NA 15.3 
MAY 438 414 19.8 NA 12.7 
JUN 421 392 18.5 NA 11. 7 
JUL 347 329 17.2 NA Cl ::i u . ..._> 

AUG 374 363 17.4 NA 10.5 

SEP 430 431 19.l NA 12.7 
OCT 476 501 20.0 NA 10.4 

NOV 510 564 21. 1 NA 18.4 

DEC 473 537 21. 0 NA 17.6 

NOTE: ARRAY TO FACE TRUE SOUTH 

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT 
~PON WEATHER CONDITIONS AND .t..DEQUACY OF INSTALLATION AND MAINTENANCE. 
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DESIGN PROVIDED BY: Solar Electric International 
STAND-ALONE SYSTE~ DESIGN PROGRAM (PV/WATER PUMP) 

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

CUSTOMER: UNIDO SURVEY 
ADDRESS: ETHIOPIA 

DATE: 8TH DECEMBER 1986 
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) 

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

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

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

AS INC M55 
7 ( s) x 

3.05 A. @ 17.4 V. 
4 (P) = 28 TOTAL 

---------PUMP SYSTEM--------­
Grundf os SP2-18 
XX-5 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HZ.Ar•: 

19.6 CU.M 
60.0 M. 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL MEAN AIR RAINFALL AVG. 
MONTH LANG LANG TEMP (C) (AVG. I"'.M) CU.M/DAY 

JAN 479 617 21. 2 ~IA 21.6 
FEB 488 623 21. 9 NA 21. 9 
MAR 504 636 21. 4 NA 22.5 
APR 488 607 20.8 NA 21. 4 
MAY 438 536 19.8 NA 18.7 
JUN 421 513 18.5 NA 17.7 
JUL 347 413 17.2 NA 12.8 
AUG 374 449 17.4 NA 14.6 
SEP 430 530 19.l NA 18.5 
OCT 476 602 20.0 tr A 21. 3 
NOV 510 658 21. l NA 23.0 
DEC 473 611 21. 0 ~JA 21. 4 

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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II. NOTES ON HARERGE WELLS 

The E.W.W.C.A. is extremely well organised in this 

region, a region charecterised in the ~emoter areas 

by too many people with too few boreholes. This i5 
particularly true of the Ogaden region where the town 

water supplies have been well rationalised but the 
settlements, a cen~ral wa .er point often serves for 
3 - 4 communities with their stock. However, the 
UNHCR fundei ., WUSC executed, rehabili ta ti on project 

is placing major emphasis on water supply with two 

new drilling rigs about to start operation and a 
good ralationship has been setablished ~ith 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
lying to an extent on the enterprise and goodwill 

of individuals in the community to purchase fuel 
in Dire Dawa and sell the ~ater to cover the costs. 

~laintenance problems are severe and have 
overloaded the EWNCA resulting in broken equipment 

at many of the sites. 
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Installation Sites 

• 

1. Hassene 

2. Hadew 

3. Elamhar 

4. Warder Well 1 

s. 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 0 

length 

storage 

..\rray location: 

Design: 
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Hassene 

Harer 

2 - 2500 (nearly villages use this point 
whe~ river dries) 
1 

Probably limestone - cool air is constantly 
expelled from borehole 

118m, 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 

2" 0 

60m 

1Sm3 masonary, elevation 4m 

Besides ~~11, good foundation 

TOH = 70m 

4 



• 
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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 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING 

NOTE: HASSENE 
INSOLATION DATA LOCATION: HARER 

LATITUDE: 9.20 DEG N LONGITUDE: 
GROUND REFLECTANCE: .20 (J) 

DATE: 8TH DECEMBER 1986 
OFER: J GOODMAN 

(User Supplied) 

42.07 DEG E 

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

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

------------ARRAY------------
TILT ANGLE: 1:5. 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--------­
Grundf os SPl-28 
102 VDC 1500 W XX-4 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

9.2 CU.M 
80.0 M. 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL MEAN AIR RAINFALL AVG. 
MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY 

JAN 478 541 18.4 NA 10.4 
FEB 476 515 20.0 NA 9.9 
MAR 488 501 20.5 NA 9.6 
APR 487 477 20.0 NA 9.2 
MAY 476 451 20.1 NA 8.6 
~JUN 449 420 19.0 NA 7. 'J 
JUL 432 408 19.6 NA 7.7 
AUG 428 416 17.9 NA 7.9 
SEP 448 452 18.3 NA 8.8 
OCT 479 508 18.6 NA 9.8 
NOV 471 526 18.5 NA 10.1 
DEC 458 525 18.1 NA 10.1 

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 
ADDRESS: ETHIOPIA 

DATE: 8TH DECEMBER 1986 
OPER: J GOODMAN 

APPLICATION: AC WATER PUMPING 
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

NOTE: BASSENE 
INSOLATION DATA LOCATION: HARER (User Supplied) 

LATITUDE: 9.20 DEG N LONGITUDE: 42.07 DEG E 
GROUND REFLECTANCE: .20 (J) --- --- --- --- --- --- --- --- --- --- --- ---

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

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

------------ARRAY------------
HORIZONTAL (N-S) AXIS TRACKING 
MAX. PWR. CURRENT: 12. 2 A. 
MAXIMUM POWER: 1486.0 W. 

AS INC M55 3.05 ~- @ 17.4 V. 
7 (S) X 4 (P) = 28 TOTAL 

--- --- --- --- --- --- ---

---------PUMP SYSTEM--------­
Grundf os SPl-28 
102 VDC 1500 W X.X-4 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

12.0 CU.M 
80.0 M. 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL MEAN AIR RAINFALL AVG. 
MONTH LANG LANG TEMP (C) (AVG. HM) CU. i1/DAY 

JAN 478 620 18.4 NA 12.6 
FEB 476 G10 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 19.0 NA 11. 4 
JUL 432 525 19.6 NA i1. 0 
AUG 423 521 17.9 NA 10.9 
SEP 448 550 18.3 NA 11.6 
OCT 479 609 13.S 1\T •, 

l.•i"l. lZ.5 
NOV 471 6')8 13.5 ~iA 1 r, A 

~ .. 
DEC 458 594 13. 1 NA 12.2 

NOTE: TRACKER LIMIT ANGLE IS 45.0 DEGREES FROM THE VE?.TICA.L 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 0 

length 

storage 

Array loca Lon: 

Design: 
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Hadew 

Jijiga 

1500 

1 

45m, SWL. 6m, PWL. 40m 

3 L/Sec. 

Mitsui Oeutz, 17.6KW 

Pluger 8.5 KW 

8 hrs/day (including nursery irrigation) -
23m3/day demand. 

N/A. 

,..,,. 

18m 

4m3 storage at 4m elevation 

Besides i.ell 

TOH = 40 .. 4 + 2 = 46 

Note: The Harer - j ij iga 45 KVA transmission line runs within 1 Km of 

Hadew but it is unlikely that electricity for Hadew well be a 

~riority. 
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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 
ADDRESS: ETHIOPIA 

DATE: 8TH DECEMBER 1986 
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) 

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

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

------------ARRAY------------
TILT ANGLE: 15.0 DEGREES 

---------PUMP SYSTEM--------­
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: 
7 (S) X 4 (P) : 28 TOTAL SYSTEM HEAD: 

20.2 CU.M 
46.0 M. . --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---- ---

----------SYSTEM DESIGN ANALYSIS----------

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 2L6 
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.l NA 19.6 
OCT 475 504 18.3 NA 21. 4 
NOV 470 525 17.0 NA 22.2 
DEC 461 529 16.5 NA 22.4 

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 CPV/WATER PUMP) 

(SASY/M Ve~ 5.0 6/20/86) 
---- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -~-

CUSTOMER: UNIDO SURVEY 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING 

DATE: 8':.'H DECEMBER 1986 
OPER: J GOODMAN 

--- --- --- --- --- --- --- --- ---
NOTE: BADEW 
INSOLATION DATA LOCATION: JIJIGA (User Supplied) 

LATITUDE: 9.33 DEG N LONGITUDE: 42.72 DEG E 
GROUND REFLECTANCE: .20 (J) 

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

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

------------ARRAY------------
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 (5) X 4 (P) = 28 TOTAL 

---------PUMP SYSTEM--------­
Grundf os SP2-18 
XX-5 
COUPLED TO AF.:RAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

26.3 CU.M 
46.0 M. 

--- --- --- --- --- --- --- ---
----------SYSTEM DESIGN ANALYSIS----------

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 424 516 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: aquifer type 

depth 

yjeld 

drawdown 

Pumping units: 

motor 

pump 

' no. of hours of operation 

fuel consumption 

Distribution: pipework 0 

length 

storage 

Array location: 

Design: 

~VO -

Elamhar. 

1000 with seasonal variation 

1 horehole, S traditional wells used for 
stock watering 

54m, S.W.L. ll.6m, pump level 44m 

0.8 L/S. 

Lister STl 

Mono BNK 1 

4 hrs/day 

4 litres/day 

2" 0 

20m 

4m3 steel tank at 4m elevation 

Bes~.des well 

TOH = ~4 + 4 + 2 

= Som 

.. 
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DESIGN PROVID~D BY: Solar Electric International 
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP) 

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

CUSTOMER: UNIDO SURVEY 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER POMPI.NG 

NOTE: ELAMHAR 
INSOLATION DATA LOCATION: JIJIGA 

LATITUDE: 9.33 DEG N LONGITUDE: 
GROUND REFLECTANCE: .20 (J) 

nATE· 8TH DECEMBER 1986 
OPER: J GOODMAN 

(User Supplied) 

42.72 DEG E 

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

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--------­
Grundf os SP2-18 
XX-5 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

18.9 CU.M 
50.0 M. 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL MEAN AIR RAINFALL AVG. 
MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY 

JAN 487 552 16.9 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 
JUN 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 5?9 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. 
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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 SURVFf 
ADDRESS: ETHIOPIA 

DATE: BTH DECEMBER 1986 
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) 

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

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

------------ARRAY------------
HORIZONTAL (N-S) AXIS TRACKING 

---------PUMP SYSTEM--------­
Grundfos SP2-18 

MAX. PWR. CURRENT: 12.2 A. XX-5 
MAXIMUM POWER: 1486.0 W. COUPLED TO ARRAY @ 1C5 VOLTS 

AS INC M55 3.05 A. @ 17.4 V. AVG. DAILY OUTPUT: 
7 (5) X 4 (P) = 28 TOTAL SYSTEM HEAD: 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL MEAN AIR RAINFALL 
MONTH LANG LANG TEMP (C) (AVG. MM) 

JAN 487 633 16.9 NA 
FEB 469 600 !7.7 NA 
MAR 488 616 19.4 NA 
APR 472 584 20.3 NA 
MAY 484 596 21. 0 NA 
JUN 442 539 20.9 NA 
JUL 432 525 20.0 NA 
AUG 4 ~::-1 516 20.0 NA 
SEP 45~ 561 20.1 NA 
OCT 475 604 18.3 NA 
NOV 470 606 17.0 NA 
DEC 461 599 16.4 NA 

AVG. 

24.7 CU.M 
50.0 M. 

CU.M/DAY 

26.5 
25.5 
26.0 
24.9 
25.3 
23.1 
22.6 
22.2 
24.1 
25.6 
25.6 
25.3 

NOTE: TRACKER LIMIT ANGLE IS 45.0 DEG~ES FROM THE VERTICAL POSITION. 

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

fl 
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Location Warder Well No. 1. 

Radiation station: Kebri Dehar 

Population: 2000 

No. of wells: 3 open wells 

. - "ells: aquifer type 

No. 1 2Sm SWL 18 

yield ALL 2 L/S 

drawdown 

Pumping units: 

motor Lister ST2 18 H.P. 

pump Mono 

no. of hours of operation 

fuel consumption 

Distribution: pipework 0 2" 0 

length 60m 

storage 80m3 open masonary 

Array location: ;\ot visited 

Design: TOH = 24m 

I··, 
I ~ 

' ' L 
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DESIGN PROVIDED BY: Solar Electric International 
STAND-Ai.ONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP) 

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

CUSTOMER: ONIDO SURVEY 
ADDRESS: ETHIOPIA 

DATE: 8TH DECEMBER 1986 
OPER: J GOODMAN 

APPLICATION: AC WATER PUMPING 
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

NOTE: WARDER WELL 
INSOLATION DATA LOCATION: KEBRI DEHAR (Oser Supplied) 

LATITUDE: 6.67 DEG N LONGITUDE: 44.30 DEG E 
GROUND REFLECTANCE: .20 (J) 

--- --- --- --- --- --- --- --- --- --- --- ---

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

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

------------ARRAY------------
TILT ANGLE: 15.0 DEGREES 

---------PUMP SYSTEM------~-­
Grundf os SP4-8 

MAX. PWR. CURRENT: 12.2 A. 
1'1..AXIMUM POWER: 1486.0 W. 

AS INC H55 
7 ( s) x 

3.05 A. @ 17.4 V. 
4 (P) = 28 TOTAL 

102 VDC 1500 W XX-5 
COUPLED TO ARP..AY@ 105 VOLTS· 

AVG. DAILY OUTPUT: 45. 1 cc. t·! 
SYSTEM HEAD: 24. 0 M. 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL M!!:AN AIR RAINFALL AVG. 
MONTH LANG LANG TEMP (C) (AVG. MM) CU.HIDAY 

JAN 555 623 26.3 NA 49.6 
FEB 548 588 27.3 NA 47.5 
HAR 578 589 28.2 NA 47.6 
APR 557 540 28.C NA 44.3 
MAY 491 461 26.5 NA 40.2 
JUN 510 469 ..,~ .., 

.:.. 0. <... NA 40.5 
JUI. 478 445 26.1 ~ 1.:. 

... 1.o.J. 39.2 
AUG 534 511 26.2 NA 43.5 
SEP 5i9 ~7~ 

:::. '';j z:. 1 N:\ 47.4 
OCT 493 519 26.4 NA 4 •1. 3 
NOV 520 575 26. 1 llA 4 7. J. 
DEC 541 51~ ... o 25.8 UA 49.~ 

NOTE: ARRAY TO FACE TRUE SOUTH 

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDEN'f 
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE. 

,. 
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DESIGN PROVIDED BY: Solar Electric International 
STAND-ALONE SYSTEM DESIGN PROGRA..~ (PV/WATER PUHP) 

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

CUSTOMER: UNIDO SURVEY 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING 

NOTE: WARDER WELL 

DATE: 8TH DECEMBER 1986 
OPER: J GOODMAN 

INSOLATION DATA LOCATION: KEBRI DEHAR (User Supplied) 

LATITUDE: 6.67 DEG N LONGIT~LZ: 44.30 DEG E 
GROUND REFLECTANCE: .20 (J) 

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

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

------------ARRAY------------
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 (S) X 4 (P) = 28 TOTAL 

---------PUMP SYSTEM--------­
Grundf os SP4-8 
102 VDC 1500 W XX-5 
COUPLED TO A.>:.r.It.AY @ 105 VO~TS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

58.5 CU.M 
24.0 M. 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL MEAN AIR RAINFALL AVG. 
HO NTH LANG LANG TEMP ( c) (AVG. Ml-!) CU.M/DAi 

JAN 555 723 26.3 NA 60.4 
FEB 548 706 27. :J NA 59.7 
MAR 578 739 28.2 NA 61.4 
APR 557 7U2 28.0 NA 60.0 
MAY 491 608 26.5 NA 55.3 
JUN 510 634 26.2 NA 56.7 
JUL 478 590 26.1 NA 54.3 
AUG 534 668 26.2 NA 58.6 
SEP 579 736 27.1 ~· . ... ~~. 61. 8 
OCT 493 625 26.~ NA 5 t3 . 1 
NOV 520 672 26.1 NA 53.2 
DEC 541 705 25.8 NA 59.5 

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

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VA::..Y DZFENDENT 
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAINTENANCE. 



- 212 -

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 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING 

DATE: 8TH DECEMBER 1986 
OPER: J GOODMAN 

--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
NOTE: WARDER WELL 
INSOLATION DATA ~OCATION: KEBRI DEllAR (User Supplied) 

LATITUDE: 6.67 DEG N LONGITUDE: 44.30 DEG E 
GROUND REFLECTANCE: .20 (J) 

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

W1RING INFORMATION: 60 FT .. (ROUND n.RIP) OF 8 GAUGE WIRE 

------------ARRAY------------
HORIZONTAL (N-S) AXIS TRACKING 

---------PUMP SYSTEM--------­
Grundf os SP4-8 

MAX. PWR. CURRENT: 9. 1 A. 
MAXIMUM POWER: 1114.5 W. 

AS INC M55 3.05 A. @ 17.4 V. 
7 ( S) X 3 ( P) = 21 TOTAL 

102 VDC 1500 W XX-5 
COUPLED TO ARRAY @ 105 VOLTS 

~VG. DAILY OUTPUT: 47.3 CU.M 
SYSTE('l HEAD: 24 .0 M. 

----------SYSTEM DESIGN ANALYSIS----------

MONTH 

JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
OCT 
NOV 
DEC 

FLAT 
LANG 

555 
548 
578 
557 
491 
510 
47 8 
534 
579 
493 
520 
541 

PANEL 
LANG 

723 
706 
739 
702 
608 
634 
590 
668 
736 
625 
672 
705 

MEAN AIR 
TEMP (C) 

26.3 
27.3 
2.3.2 
28.0 
26.5 
26.2 
26. l 
26 2 
27.l 
26.4 
26.l 
25.8 

P~"'.INFALL 
( . .:.:»G. HM) 

NA 
NA 
NA 
NA 
NA 

NA 

AVG. 
CU.M/DAY 

49.4 
48.6 
50. 1 
48.7 
44.0 
45.5 
42.9 
-± 7. 4 
5C. 5 
4·L 9 
·17. 2 
<i8. 6 

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

PERFORMANCE OF SYSTEM AT INSTALLATIOH SITE WILL VA2..Y DEPENDENT 
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND !-!AINTENANCE. 

• 



Location 

Radiation station: 

Population: 

No. oi wells: 

Wells: aquifer type 

depth 

yield 

drawdown 

Pumping units: 

motor 

pumi-

no. of hours of operation 

fuel consumption 

Distribution: pipework 0 

length 

storage 

. .\rray location: 

Design: 
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Warder Wells No. 2 & 3. 

Kebri Oehar 

3 open wells. 

No. 2 2Sm, S.W.L. 17m, No.3 27m, S.W.L. 18m 

2 L/S. 

Both lister STl, 6HP 

Mono BNK 1 

'.'lot visted 

TOH = 24m 
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DESIGN PROVIDED BY: Solar Electrir. International 
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER P1JMP) 

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

CUSTOMER: UNIDO SURVEY 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING 

NOTE: WARDER WELLS N0.2 AND 3 

DATE: 8TH DECEMBER 1986 
OPER: J GOODMAN 

INSOLATION DATA LOCATION: KEBRl DEHAR (User Supplied) 

LATITUDE: 6.67 DEG N LONGITUDE: 44.30 DEG E 
GROUND REFLECTANCE: .20 (J) 

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

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

------------ARRAY------------
TILT ANGLE: 15.0 DEGREES 

---------PUMP SYSTEM--------­
Grundfos SP4-8 

MAX. PWR. CURRENT: 12. 2 A. 
MAXIMUM POWER: 1486.0 W. 

AS INC M55 
7 ( s) x 

3.05 A. @ 17.4 V. 
4 (P) = 28 TOTAL 

102 VDC 1500 W XX-5 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

45.1 CU.M 
24.0 H. 

----------SYSTEM DESIGN ANALYSIS----------

MONTH 

JAN 
FEB 
MAR 
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
OCT 
NOV 
DEC 

FLAT 
LANG 

555 
548 
578 
557 
491 
510 
478 
534 
579 
493 
520 
541 

PANEL 
LANG 

623 
588 
589 
540 
461 
469 
445 
511 
579 
- 1 0 o_ .... 
575 
616 

MEAN AIR 
TEMP (C) 

26.3 
27.3 
28.2 
28.0 
26.5 
26.2 
26.1 
26.l 
?~ 1 
- I . -

26 1 
25.8 

RAINFALL 
(AVG. M:·! .) 

NA 
l~A 

NA 
NP. 
NA 
NA 
NA 
nA 

NA 
NA 
NA 

NOTE: ARRAY TC FACE T~UE SOUTH 

AVG. 
CU.M/DAY 

43 6 
47.8 
47.6 
44- 8 
40.2 
40.5 
39.2 
43.5 
~7.4 

47.4 
~9.2 

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL ··./A?..Y DEPENDENT 
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND r1AINTENANCE. 
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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 
}~ryDRESS: ETHIOPIA 

~ APPLICATION: AC WATER PUMPING 

DATE: 8TH DECEMBER 1986 
OPER: J GOODMAN 

--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

. ' 
: ! 

NOTE: WARDER WELLS NO. 2 AND 3 
INSOLATION DATA LOCATION: KEBRI DEHAR (User Supplied) 

LATITUDE: 6.67 DEG N LONGITUDE: 44.30 DEG E 
GROUND REFLECTANCE: .20 (J) 

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

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

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

AS INC M55 
7 cs) x 

3.05 A. @ 17.4 V. 
4 (P) = 28 TOTAL 

---------PUMP SYSTEM--------­
Grundfos SP4-8 
102 VDC 1500 W XX-5 
COUPLED TO AfCR.AY @ 105 VOLTS 

AVG. DA:LY CJT?UT: 
SYSTEM E:S.f.:): 

58. 5 cu. t·! 
24.0 M. 

-· --------SYSTEi1 DESIGN ANALYSIS----------

FLAT PANEL ~IEAN AIR RAINFALL AVG. 
MONTH LANG LANG TEMP ( c) (AVG. t!l-1) CU.M/DAY 

JAN 555 723 26.3 NA 60.4 
FEB 548 706 27.3 NA 59.7 
MAR 578 7':,3 28.2 t~A 61. 4 
APR 557 702 28.0 NA 60.0 
MAY 491 608 26.5 NA 55.3 
JUN 510 634 26.2 NA 56.7 
JUL 478 590 26.l '"A :..t ... 54.3 
AUG 534 668 26.l ::A 53.6 
SE? 579 736 27. 1. :;.". -. .. n 

0 l. (• . 

OC:T 493 625 26.4 ~TA ........ ~6.1 
• NOV 520 672 26.l NA 58.2 

DEC 541 705 25.8 ~lA 59.5 

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

PERFORMANCE OF SYSTEM AT INSTALLATION SITE ·.vrLL v.: .... RY DEPENDENT 
UPCN 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 

.-\rray location: 

Design: 

- 216 

Shinile uNHCR/RRC we 11. 

Dire Dawa 

3000 

3 B.H. 

30m, S.W.L. lSm. 

2 L/S. 

Lister 

Mono 

(Has not functioned for 3 monthsJ- operated 
6 hrs/day. 

2" 

200m 

6m3 at 6m elevation 

I 

Beside 1.-ell, on 1•adi ban'."' 

TOH = 34m. 
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DESIGN PROVIDED BY: Solar Electric International 
STAND-ALONE SYSTEH DEJIGN PROGRAM (PV/WATER PUMP) 

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

CUSTOMER: UNIDQ SURVEY 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING 
~-- --- --- --- --- --- --- --- ---

NOTE: SHINILE-UNHCR/RRC WELL 
INSOLATION DATA LOCATION: DIRE DAWA 

LATITUDE: 9.60 DEG N LONGITUDE: 
GROUND REFLECTANCE: .20 (J) 

DATE: 8TH DECEMBER 1986 
OPER: J GOODMAN 

(User Supplied) 

41. 87 DEG E 

----------SELECTED SYS?EM DATA---------­

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 (5) X 4 (P) = 28 TOTAL 

---------PUMP SYSTEM--------­
Grundf os SP4-8 
102 VDC 1500 W XX-5 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

30.9 CU.M 
34 .0 M. 

----------SYSTEM DESIGN ANALYSIS----------

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 29.9 
MAY 493 467 27.3 NA 29.3 
JUN 460 430 28.1 NA 26.3 
JUI. 446 421 26.3 NA 25.9 
AUG 473 453 25.7 NA 29.1 
SEP 466 471 25.9 NA 30.2 
OCT 472 502 25.0 NA 32.3 
NOV 473 529 2?.4 NA 34.4 
DEC 460 529 21. 3 NA 34.6 

:iOTE: ARRAY TO FACE TRUE SOUTH 

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT 
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MA:NTENANCE. 
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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 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING 

NOTE: SHINILE-UNHCR/RRC WELL 
INSOLATION DATA LOCATION: DIRE DAWA 

LATITUDE: 9.60 DEG N LONGITUDE: 
GROUND RE1IECTANCE: .20 (J) 

DATE: 8TH DECEMBER 1986 
OPER: J GOODMAN 

(User Supplied) 

41. 87 DEG E 

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

WIRING INFOID'u\TION: 60 FT .. <ROUND TRIP) OF 8 GAUGE WIRE 

------------ARRAY------------
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 (5) X 4 (P) = 28 TOTAL 

---------PUMP SYSTEM--------­
Grundfos SP4-8 
102 VDC 1500 W XX-5 
COUPLED TO ARRAY @ 105 \vLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

40.6 CU.M 
34.0 11. 

----------SYSTEM DESIGN ANALYSIS----------

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 40.8 
MAY 493 608 27.3 NA 41. 5 
JUN 460 563 28.1 NA 38.3 
jUL 446 544 ?.G. 3 NA 37.4 
AUG 473 582 25.7 NA 40.2 
SEP 466 581 25.9 NA 40.1 
OCT 472 600 25.0 NA 41. 3 
NOV 473 611 22.4 NA 42.2 
DEC 460 598 21. 3 NA 41.4 

NOTE: TRACKER L~MIT 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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Location Sbinile 

Radiation station: Dire Dawa 

Population: 3000 . 
No. of wells: 3Bore holes 

Wells: aquifer type 

depth 30.lm SWL 18m 

yield 3 L/S 

drawdown 

Pumping units: 

motor Listar ST3 6IOi 

pump Aturi.a 2.3 

no. of hours of operation 5 hrs/day 

fuel consumption 

Distribution: pipework ~ a. 2" ~ b. l" 2" ¢ 

length lOm 164m 

storage &m3 at 4~ elevaticn &m3 at 6.2m elevation. 

. .\rr::iy location: Eesides borehole i: storaye replaced • 

Design: a. TDH "' 32m b. TDH = 36m. 
2 storare tanks relocated 3Cm from 
borehole with 2" pipework. 

ll2!!• On point storage leakinr. badly; distribution by siphon hosepipe. 
All fawcetts broken at 2nd storage. 
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DESIGN PROVIDED BY: Solar Electric Internation&l 
STAND-ALONE SYSTEM DESIGN PROGRAM (PV/WATER PUMP) 

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

CUSTOMER: UNIDO SURVEY 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING 

NOTE: SHINILE 
INSOLATION DATA LOCATION: DIR~ DAWA 

LATITUDE: 9.60 DEG N LONGITUDE: 
GROUND REFLECTANCE: .20 (J) 

DATE: 8TH DECEMBER 1986 
OPER: J GOODMAN 

(User Supplied) 

41. 87 DEG E 

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

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 
7 (S) X 

3.05 A. @ 17.4 V. 
4 (P) = 28 TOTAL 

---------PUMP SYSTEM--------­
Grundfos SP4-8 
102 VDC 1500 W XX-5 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM EE.i.D: 

33.0 CU.M 
32.0 M. 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL MEAN AIR RAINFALL AVG. 
MONTH LANG LANG TEMP ( c) (AVG. MM) crJ. M/DAY 

JAN 453 51J 21. 4 NA 35.7 
FEB 466 505 22.6 NA 35.0 
MAR 484 498 24.6 NA 34.2 
APR 479 470 26.3 N:\ 32.1 
MAY 493 467 27.3 !·!i\ 31. 5 
,JUN 460 430 28.l NA 28.5 
JUL 446 421 26.3 l\A 28.l 
AUG 473 458 25.7 ~~ _j . '· ~ 312 
SEP 466 471 25.9 ,. ' 32.3 .,, ...... .., 

OCT 472 502 25.0 ~· . b .... 34.4 
NOV 47J 529 •j •) .• 

'- '- • 4"t: n,.~,., .36. 5 
DEC 460 529 21.3 , .. 

,,,·,.:\ 36.6 

NOTE: ARRAY TO FACE TRUE SOUTH 

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPEND:2NT 
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: ONIDO SURVEY 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING 

DATE: 8TH DECEMBER 1986 
OPER: J GOODMAN 

--- --- --- --- --- --- --- --- ---
NOTE: SHINILE 
INSOLATION DATA LOCATION: DIRE DAWA (User Supplied) 

LATITUDE: 9.60 DEG N LONGITUDE: 41. 87 DEG E 
GROUND REFLECTANCE: .20 (J) 

--- --- --- --- --- --- --- --- --- --- --- --- --- ---

~ 

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

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

------------ARRAY------------
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 (S) X 4 CP) = 28 TOTAL 

---------PUMP SYSTEM--------­
Grundf os SP4-8 
102 VDC 1500 W XX-5 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

43.3 CU.M 
32.0 M. 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL MEAN AIR RAINFALL AVG. 
MONTH LANG LANG TEMP (C) (AVG. MM)· CU.M/DAY 

JAN 453 586 21. 4 NA 43.4 
FEB 466 596 22.6 NA . 44. 1 
MAR 484 611 24.6 NA 44.8 
APR 479 593 26.3 NA 43.5 
MAY 493 608 27.3 NA 44.1 
~JUN 460 563 28.1 NA 40.9 
JUL 446 544 26.3 NA 40.0 
AUG 473 E>82 25.7 NA 42.8 
SEP 466 581 25.9 NA 42.7 
OCT 472 600 25.0 NA 43.9 
NOV 473 611 22.4 NA 44.8 
DEC 460 598 21. 3 NA 44.1 

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 P~!OGRAM (PV /WATER PUMP) 

(SASY/M 7er 5.0 6/20/86) 
--- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

CUSTOMER: UNIDO SURVEY 
ADDRESS: ETHIOPIA 

DATE: 8TH DECEMBER 1986 
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) 

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

WIRlNG 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 
7 (S) X 

3.05 A. @ 17.4 V. 
4 (P) = 28 TOTAL 

---------PUMP SYSTEM--------­
Grundf os SP2-18 
XX-5 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

23.9 CU.M 
36.0 M. 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL MEAN AIR RAINFALL AVG. 
MONTH LANG LANG TEhP (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 25.9 NA 23.5 
OCT 472 502 25.0 NA 24.6 
NOV 473 529 22.4 NA 25.7 
DEC 460 529 21. 3 NA 25.8 

NOTE: ARh.AY TO FACE TRUE SOUTH 

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

- l 

I 

• 
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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 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING 

DATE: 8TH DECEMBER 1986 
OPER: J GOODMAN 

--- --- --- --- --- --- --- --- ---
NOTE: SHINILE 
INSOLATION DATA LOCATION: DIRE DAWA (User Supplied) 

LATITUDE: 9.60 DEG N LONGITUDE: 41. 87 DEG E 
GROUND REFLECTANCE: .20 (J) --- --- --- --- --- --- --- --- --- --- --- --- --- ---

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

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

------------ARRAY------------
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 (5) X 4 (P) = 28 TOTAL 

---------PUMP SYSTEM--------­
Grundf os SP2-18 
XX-5 
COUPLED TO ARP..AY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEU HEAD: 

30.7 CU.M 
36. 0 M. 

--- --- --- --- --- --- --- ---
----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL MEAN AIR RAINFALL AVG. 
MONTH LANG LANG TEMP (C) (AVG. Ml-1) CU.M/DAY 

JAN 453 586 21 . '1 NA 30.5 
FEB 466 596 22.6 NA 31. 0 
MAR 484 611 24.6 NA 31. 6 
APR 479 593 26.3 NA 30.9 
MAY 493 608 27.3 NA 31. 3 
,TUN 460 563 28.l NA 29.6 
JUL 446 544 26.3 NA 29.0 
AUG 473 582 25.7 NA 30. :i 
SEP 466 581 25.9 NA 30.5 
OCT 472 600 25.0 NA 31. 0 
NOV 473 611 22.4 l~A 31.3 
DEC 460 598 21.3 NA 30.8 

" 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. 
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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 

·\rn.y location: 

llcsign: 

224 -

Gad 

Dire Oawa 

1000 (on railroad) with small irrigation 
scheme and stock watering 
l B.H .. 

62m, SWL Pl'IL 

3 L/Sec. 

Lister STl 6.3 H.P. 

Mono B'.\K 1 

Demand 16 -30m3/day 

2 L/day 

- lSm 

~mJ at - metre elevation 

In party compound 30m east of B.H. 

TOH S8m 
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DESIGN PROVIDED BY: Solar Electri~ International 
STAND-ALONE SYSTEM DESIGN PROGF.:Al"J (PV/WATER PUMP) 

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

, 
CUSTOMER: ONIDO SURVEY 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING 
--- --- --- --- --- --- --- --- ---

NOTE: GAD 
INSOLATION DATA LOCATION: DIRE DAWA 

LATITUDE: 9.60 DEG N LONGITUDE: 
GROUND REFLECTANCE: .20 (J) 

DATE: 8TH DECEMBER 1986 
OPER: J GOODMAN 

(User Supplied) 

41. 87 DEG E 

--- --- --- --- --- --- --- --- --- --- --- --- --- ---

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

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

------------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 (5) X 4 (P) = 28 TOTAL 

---------PUMP SYSTEM--------­
Grundfos SP2-18 
XX-5 
coryPLED TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

16.1 CU.M 
58.0 M. 

----------SYSTE11 DESIGN ANALYSIS----------

FLAT PANEL MEAN AIR RAINFALL AVG. 
MONTH LANG LANG TEHP (C) (AVG. MM) CU.!1/DAY 

JAN 453 513 21.4 NA 17.6 
FEB 466 505 22.6 NA 17.2 
MAR 484 498 24.6 NA 16.7 
APR 479 470 26.3 NA 15.5 
MAY 493 467 27.3 NA 15.2 
JUN 460 430 28.1 NA 13.5 
JUL 446 421 26.3 Nl-. 13 3 
AUG 473 458 2[;. 7 NA 15.0 
SEP 466 471 25.9 NA 15.6 
oi::T 472 502 25.0 NA 16.9 
NOV 473 529 22.4 NA 18.0 
DEC 460 529 21. 3 NA 18.1 

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 
ADDRESS: ETHIOPIA 

DATE: 8TH DECEMBER 1986 
OPER: J GOODMAN 

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) 

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

WIRING INFORMATION: 60 FT. (ROUND TRIP) OF 6 GAUGE WIRE 

------------AF:R.AY-----~-------
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 (S) X 4 (P) = 28 TOTAL 

--- --- --- --- --- --- --- ---

---------PUMP SYSTEM--------­
Grundf os SP2-l8 
XX-5 
COUPLED TO ARJ\AY @ 105 VOI-TS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

21. 2 CU .M 
58.0 M. 

------·----SYSTEM DESIGN ANALYSIS----------

FLAT PANEL MEAN :~IR 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 460 563 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 21.6. 
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. 

( 
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Location Mile 

Radiation station: Dire Dawa 

~0pulation: 1000 

No. of wells: l B.H. and traditional wells in river 3 km away 

Wells: aquifer type 

depth 27.4m, SWL 2m PWL 

yield l L/Sec 

c.rawdown 

Pumping units: 

motor Lister ST3, 10 KW 

pump Submersible 

no. of hours of operation ~ hrs a day, demand 8 - 2om3 

fuel consumption 8 litres/day 

Distribution: pipe~ork 0 .., .. 

length 15m 

stJrage ~m~ at ~m elev~tion 

. l.rray location: Beside B.H . 

Design: TDH ::; 30m 

~ote: l.t present an individual purchases fuel in Dire Da,.-a and then sel 1 the 

"ater. 
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DESIGN PROVIDED BY: Solar Elec~ric International 
STAND-ALONE SYSTEM DESIGN PROGii.AM (PV/WATER PUMP) 

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

CUSTOMER: UNIDO SURVEY 
ADDRESS: ETHIOPIA 

APPLICATIO~: AC WATER PUMPING 

NOTE: MILE 
INSOLATION DATA LOCATION: DIRE DAWA 

LATITUDE: 9.60 DEG N LONGITUDE: 
GROUND REFLECTANCE: .20 (J) 

DATE: 8TH DECEMBER 1986 
OPER: J '100DMAN 

(User Supplied) 

41.87 DEG E 

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

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--------­
Grundf os SP4-8 
102 VDC 1500 W XX-5 
COUPLED TO AF.RAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

35.1 CU.M 
30.0 M. 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL MEAN AIR P..AINFALL AVG. 
MONTH LANG LANG TEMP (C) (AVG. MM) CU.M/DAY 

JAN 453 513 21. 4 NA 37.8 
FEB 466 505 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 25.7 NA 33,4 
SEP 456 471 25.9 NA 34.4 
OCT 4'12 502 25.0 NA 36.5 
NOV 473 529 22.4 NA 38.6 
DEC 460 529 21. 3 NA 38.7 

NOTE: ARRAY TO FACF TRUE SOUTH 

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT 
UPON WEATHER CONDITIONS AND ADEQUACY OF INSTALLATION AND MAIHTENANCE. 
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DESIGN PROVIDED BY: Solar Electric International 
STAND-ALONE SYSTEM DESIGN PROGRM1 (PV/WATER PUMP) 

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

CUSTOMER: UNIDO SURVEY 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING 

NOTE: MILE 
INSOLATION DATA LOCbTION: DIRE DAWA 

LATITUDE: 9.60 DEG N LONGITUDE: 
GROUND REFLECTANCE: .20 (J) 

DATE: 8TH DECEMBER 1986 
OFER: J GOODMAN 

(User Supplied) 

41. 87 DEG E 

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

WIRING INFORMATION: GO FT.· (R0UND TRIP) OF 8 uAUGE WIRE 

------------ARRAY------------
HORIZONTAL (N-S) AXIS TRA:KING 
MAX. PWR. CURRENT: 12.2 A. 
MAXIMUM POWER:. 1486. O W. 

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

---------PUMP SYSTEM--------­
Grundfos 5P4-8 
102 VDC 1500 W XX-5 
COUPLED TO ARRAY @ 105 VOLTS 

AVG. DAILY OUTPUT: 
SYSTEM HEAD: 

45.9 CU.M 
30 .0 M. 

----------SYSTE~ DESIGN ANALYSIS----------

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.i 
MAR 484 611 24.6 NA 47. 5· 
APR 479 593 26.3 NA 46.1 
MAY 493 608 27.3 NA 46.8 
,TUN 460 563 28.l NA 43.6 
JUL 446 544 26.3 NA 42.6 
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. 3 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 0 

length 

storage 

\rr:.iy location: 

Design: 

- 230 

Harewa 

Dire Dawa 

1500 with seasonal variation 

2 B.H. one being property of railroad 

74m, S. W. L. 34m, P .W. L. -

3 L/S. 

Lister ST l, 8.1 H.P. 

~lono B:\I\ 1 

5 hrs/day 

~ !/day 

.,,. .. 

l Sru 

Sm~ at 6.8 ele,·ation 

The ~ater cornpou~d 15 \ Sm ~ith ~30° beari~~ 

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 PUMP) 

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

, 

"' 

CUSTOMER: UNIDO SURVEY 
ADDRESS: ETHIOPIA 

APPLICATION: AC WATER PUMPING 
--- --- --- --- --- --- --- --- ---

NOTE: HAREWA 
INSOLATION DATA LOCATION: DIRE DAWA 

LATITUDE: 9.60 DEG N LONGITUDE: 
GROUND REFLECTANCE: .20 (J) 

DATE: 8TH DECEMBER-1986 
OPER: J GOODMAN 

(User Supplied) 

41. 87 DEG E 

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

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

------------ARRAY------------
TILT ANGLE: 15.0 DEGREES 

---------PUMP SYSTEM--------­
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: 
7 (S) X 4 (P) = 28 TOTAL SYSTEM HEAD: 

15.0 CU.M 
61. O M. 

--- --- --- --- --- --- --- --- --- --- --- --- --- ---

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL MEAN AIR RAINFALL AVG. 
MONTH LANG LANG TEMP (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 493 467 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 
SEP 466 471 25.9 NA 14.6 
OCT 472 502 25.0 NA 15.9 
NOV 473 529 22.4 NA 17.0 
DEC 460 529 21. 3 NA 17.1 

NOTE: ARRAY TO FACE TRUE SOUTH 

PERFORMANCE OF SYSTEM AT INSTALLATION SITE WILL VARY DEPENDENT 
UPON WEATHER CONDITIONS AND ADEQTJACY 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/C6) 

CUSTOMER: UNIDO SURVEY 
ADDRESS: ETHIOPIA 

DATE: 8TH DECEMBER 1986 
OPER: J GOODMAN 

APPLICATION: AC WATER PUMPING 

NOTE: BAREWA 
INSOLATION DATA LOCATION: DIRE DAWA (User Supplied) 

LATITUDE: 9.60 DEG N LONGITUDE: 41. 87 DEG E 
GROUND REFLECTANCE: .20 CJ) --- --- --- --- --- --- --- --- --- --- --- --- --- ---

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

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

------------ARRAY------------
HORIZONTAL (N-S) AXIS TRACKING 

---------PUMP SYSTEM--------­
Grundf os 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: 
7 (5) X 4 (P) = 28 TOTAL SYSTEM HEAD: 

----------SYSTEM DESIGN ANALYSIS----------

FLAT PANEL !-JEAN AIR RAINFALL 
MONTH LANG LANG TEMP (C) (AVG. MM) 

JAN 453 586 21. 4 NA 
FEB 466 596 22.6 NA 
MAR 484 611 24.6 NA 
APR 479 593 26.3 NA 
MAY 493 608 27.3 NA 
JUN 460 563 28.1 NA 
JUL 446 544 26.3 NA 
AUG 473 582 25.7 NA 
SEP 466 581 25.9 NA 
OCT 472 600 25.0 NA 
NOV 473 611 22.4 NA 
DEC 460 598 2L3 HA 

AVG. 

20.0 CU.M 
61. O M. 

CU.M/DAY 

20.1 
20.5 
20.9 
20.1 
20.5 
18.6 
13.1 
19.7 
19.7 
20.4 
20.9 
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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II. 7. SUMMARY AND NOTES ON WOLLO WELLS 

The rural water supply systems in Wallo 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. 

Wallo is the closest region to fuel point of entry 
(Asab) into Ethiopia and hence the cheapest Government 

policy is encouraging settlements alongside the main 

X - 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 visited. 

Once the review and rationalisation of the water 

systems 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 suf fcring from lack 

of fuel funds. These would be introduced through projects 

like KAADP (Koba and AlamatJ Development Project). 



234 -

ANNEX III 

ECONOMIC ASSESSMENT 

III.1. 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 economic 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 c~mmunity man hours in a 10 hour 

working day. Including the org3nizational 

demands on the water committee in the timing 

and supervision of this distribution, a figure 

of 5% of the total productive man-hours is 
\ . . f spent wa1t1ng or 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~). If the average household per 

capita is S 100 per year and if it is assumed 
that production is spread evenly over the 

year this represents a production loss per 

communitv ner annum of S 2000, a sizable sum. ' . 

III.2. Pumping Systems 

Of the quantifiable economic parameters 

of solar pumps, the life of the array, re­

presenting the major capital cost component, 

.. 
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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. 
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III.2. a) PV PUMP SYSTEM CHARACTERISTISCS 

:\ote: 

System Head, metres 

Average daily water output 

Insolation 
Array 

Pumping system capital cost 

( F . 0. B . cost) 

Pumping system availability 

Array life 

35m. 

30 m3 

5 Kwh/m 2 /day 

1.113 Kwp 

$ 10/Wp 

95% 

20 years 

Pumo life 5 years 
:\ominal discount rate (world market) 10% 

Inflation rate (world market) ~ % 

Volume of water pumped over 

life cycle at 95% availability 

208,050 m3 

>laintenance is assumed at S 100 per annum 

~hich allows for broken modules and inverter 

replacement in the life cycle. 

:\et present value unit cost of water S/m 3 : 

Jt 10 -~ discount rate, no in fl at ion s O.O~/m 3 

at 10~ discount rate, - 0 
.J 'tJ inflation s 0.09/m 3 

In the range of a.c. P.V. water pumps 

recommended up to the 90 - 100 meter system 

head range (producing 12m 3 day), there is an 
initial capital cost increase of$ 3127, 

with no other costs. This is an extra 
S 0.04/m3 water for this 12m 3 output. 

• 

f 
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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 Kater pumped over 

life cycle at 90% availability 

Average daily fuel consumption 

Diesel engine is overhauled 
in the 6th. year. 

Diesel \PV unit cost of water; 

Jt 10~ discount, no inflation 2nd 

3Sm 

30m 3 

3.0 Kw. 
45% 

$ 0.50/litre 

$ 1. 60/W 

90% 

6 years 

S years 

10% 

5 % 

5 % 

197,100m3 

.+.2 litres/day 

fuel cost S 0.50/litre (1.03 Birr/litre) S 0.10/~ 3 

Jt 10~ discount rate, no inflation 

and fuel cost S 0.75/litre (1.55 Birr/litre) $ 0.13/::i 3 
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Discussion on Analysis 

This analysis of pv and diesel life cycle 

costs for a 20 year period assumes the 
following: 

i) The dominant p.v. cost is the initial 

capital cost. The figures of 0.09 USD/m 3 

-and 0. 7 US$/m 3 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 r&te applicable over the life cycle. 

ii) The dominant diesel system cost and the 

most sensitive is the fuel price: an 

increase of diesel price from S 0.50 to 

S 0.75 (1.03 - 1.55 Birr) increase the 

~PV unit cost by$ 0.03/m 3 , a substantial 

increase. ~ote that these figures are 

derived from a discount rate oi 10~ with 

no inflation component i.e. it is the 

aosolute minimum unit cost of ~ater at 

that rate. 

iii) The inflation rate over the 20 years for 

the diesel life cycle costs are impossib1e 

to ascertain. Looming fuel shortages in 

the 1990's, hidden inflation in t~e 

Ethiopian economv, fluctuations in 

exchange rates due to increased borrwing 

from international banks all compound 

the rate. Hence the figures for (ii) 

represent the absolute mi~imum unit cost 

of water. 
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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 
S 0.75/litre than $ 0.50/litre if all hidden 
costs could be included. 

v) 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 
insta11 p.v. pumps in certain areas up to a 
certain capacity. That limit at present, is 
in the range iOO - 1000 m4 where m4 is 

volume (m 3 ) multiplied by head (m). 

As outlined in the report it is only recommended 

that a.c. submersible p.v. systems up to 1.5 Kw 

range be considered. Although larger systems 
exist with surface mounted pumps they are 

not recommended for this present proposal. 

vi) The government contribution of installation, 

storage and distribution construction costs 

is justified purely on the grounds of time as 
outlined in Annex 111.1. In terms of 
increased production from relieving time 
on waiting for Kater the government will be 

repaid in less than ~ vears. All other benefits 
are a bonus. 
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III. 3 VAccnrr R.r'F''.UGERA'l"()'t SYSTF!1S 

Vaccine refrigeration: 

SYSTEM CONFIGURATION 

FI~A~CIAL 

£.o.b. Capital cost 

Recurring capital cost 

~aintenance & Repair 

Fuel costs 

Vaccine h·astage 

RESULTS: 

PV System Kerosene System 

large large 

80 litre refri- 68 ltr. refrigerator 

gerator 

168 \'p PV arrry Fuel consumption 

3.6 kWh Battery 0.7 litres/day 

storage 

s ..i,"."81 ' 458 

s 5 .i J every S .iss (every 5 yrs) 

5 years. 

$ 2,897 every 

10 years 

l~ per year 10% per year 

~A S 179 p.a. 
(represents 1.43 Birr/lt~ 

2.6 litres 26 litres 

NPV of 20 yrs cash flow S 10,757 s 10,569 

Vaccine storage capacity 80 litres 68 litres 

• 
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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. 

3. There is not a clear cut financial 
. 

preference between pv and kerosene 

refri;erators. In this analysis the 

annual fuel costs have been allowed an 

annual discount and inflation rate of 
5% in calculating ~.P.V. 

~. The largest cost for kerosene refrigerators 

is related to vaccine wastege due to lo~ 

operating availability. This has a fincial 
consequence as wastage has to be 

replaced bv a pure cash outlay. 

~. The dominant cost for pv powered systems 

are replacement costs which indicate parti­
cularly the importance of battery life and 
warranty. 




