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Table 2
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Station: Asmara p = 0.973 kg/m?

Speed range Mean speed € cm3 Hamessable cm3 Number of readings Mean No. of read. ne?
Knots Knots m/s m? /& m? /s® 600 1200 18 00 n m? /s’
Calm 0 0 0 0 1463 116 96 558 0
1— 3 2 1.03 1 0 1256 47 23 65 0
4— 6 5 2.67 17 0 919 476 427 607 0
7—10 8.5 4.38 84 84 838 1275 1498 1204 101 000
11—-156 13 6.69 299 299 201 962 1003 722 216 000
16—20 18 9.27 797 797 43 681 531 418 333 000
2125 23 11.84 1660 1660 1 44 14 20 33 000
26—30 28 14.41 2992 1660 0 6 1 2 3 000
3135 33 16.99 4904 1660 0 0 0 0 0
> 3b 38 19.56 7846 1660 0 0 0 0 0

3596 686 000
0.973 24 1 3652
E = 042 —— — _— —— 686000 = 342 kWh/m? year
2 10 1000 3596
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and its value was found for each case,

These EF values are plotted against the average wind
speed values in Fig. 3. Without claiming that it does not
depeud on other circumstances, a characteristic drop of
EF can be discovered with increasing average wind speed.

It may be of some interest that superimposing a
sinuscidal change on a coustant value:
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the Energy Factor

a 2
EF = 1 +15 (—1) .
cd[}'

This gives a maximum of 2.5 fora = which is the

“au
maximum amplitude for avoiding negative velociies.

But, supposing a change with high peak values and very
low or zero values in between for longer periods, EF can
go to infinjty. This explains the high EF values at low
average wind speeds.

From utilization point of view it can be stated that
this excess energy is relatively appreciable only at low
wind speeds which hardly can be hamessed, At high wind
speeds, which give most part of the uhlized energy, it is
only a few per cent and thus negligible.

Economy of Utilization

Referring to circumstances in Assab and to the present
price system, the following economic calculation can be
made.

According to the map in Fig. 1, the hamessable energy
in Assab is 2 429 kWh/m? year. Because of the missing
midnight data this has to be reduced by 15%, which gives
2 112 kWh/m® year.

A 10m diameter wheel (with an area of 78m® ) would
give 166 000 kWh/year. Assuming 2/3 of it as realized

output energy, it is about 110 000 kWh/year. This,
multiplied by a minimum price of 0,12 Birr/hWh, amounts
to 13 200 Birr/year.
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Cost of a 10m diameter windmill was estimated for
10 000 Birr by Mr, K. Jensen, leader of the Rural Water
Pumping Project, in 1970,

Even if the cost is more for & windmill generating
elevtricity and has increased since then, it seems that such
a windmill would repay its installation costs within about
1 year in Assab. There is no fuel but some maintenance
cost in the following years and a well designed and well
maintained windmill can work for many decades.

We did not consider storage problem here, which
means that i is just a fuel saving generator. As we cannot
be sure, there is wind at the time of peak consumption,
we have to build heat power plants with the capacity to
cover the peak consumption. In other words, building
windmills without storage does not save the cost of build-
ing heat power plants. Cost of electric emergy consists
about half of fuel and other half of power plant instal-
lation costs. This reduces the economy of the windmill,
but full amortization within 2 years is still advantageous,

In other parts of the country, where the yearly energy
is less than 1/4 of that in Assab, repaying time would be
4 or 8 years, respecitively without any maintenance cost.
Thus, installing a windmill generating electricity is reason-
able only on the sea chore.

Circumstances are different for a water pumping
windmill. Firstly, it is simpler and thus cheaper, secondly,
storage is at hand by a reservoir. Still, it it is for drinking
water, storage for an about two months long no wind
period in the rainy season is impossible. In this case
installation of a Diesel engine and of a fairly complicated
driving system is inavoidable.

But, if the water serves for irrigation, no storage is
needed and there is no preblem H the no wind period
coincides with the rainy season.

A 10m diameter wheel in Awash would give

282 x 085 X T8 X 0.87 = 12 500 kwh/year.

Asuming 8 50m deep well and a pump efficiency of 0.8
this delivers 2 water volume of

L 12 500 % 3 800 X IOOOX
'? =
Pgh 1000 X 9.81 X 50

v = 0.8

7 350 m? fyear

which is a eonsiderable quantity even for imrigation.

Thus, an irrigntion project with windmills may be
rather adventageous on the low land of the country.



