Bakgrund:
Vindresurser i Somalia

Relevanta mitningar om vindforhéllanden och forutsittningar {or vindkraft i Somalia gar
tillbaka till tiden fore inbordeskriget kring 1990. Den bifogade studien presenterades 1991 nir
fortfarande det fanns ett Nationellt universitet i Somalias huvudstad Mogadishu.

Enligt studien l&mpar sig 85 procent av det somaliska landomradet f5r vindproduktion — med
datidens vindkraftsteknik. Vindforhallandena 4r mycket intensiva &ver 10 procent av landet
och konstanta och jdmna 6ver 70 procent av landet.

Energikonsumtionen per capita ligger pa de ldgsta i virlden. Somalia r glest befolkat, med
majoriten av befolkningen boende pa landsbygden och i smé byar och samhillen med mellan
100 och 5000 invénare. All energiproduktion i landet sker med smé dieseldrivna
elgeneratorer, som ofta forsorjer en enda bygnad, en skola, en verkstad eller ett vilbestillt
privathem. Eldistribution till flera konsumenter férekommer ibland i stiderna, dir stérre
foretag kan ha generatorer som récker for flera konsumenter inom ett begrinsat omrade.

Importen av diesel for elproduktion ger héga elkostnader och ér ett verksamt hinder for
utveckling.

De palitliga vindférhéllandena kopplat till behov av el och mojligheter for att skapa
utveckling genom att utnyttja inhemsk fSrnybar energi gor vindkraften relevant och intressant
i Somalia.

Bilaga:
Wind resourses of Somalia, av Rodolfo Pallabazer och Abdulkadi A. Gabor, tidskriften Solar
Energy vol 40, 1991.
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Abstract—The results of wind energy rescarch in Somalia are
suitable for power production on 85% of the country,

areas of different wind regimes
on 11 sites are presented and

regular throughaut, Two
distribution characteristics
wind intensity and of the wind CRCIRY,

1. INTRODUCTION

]

, Sorvalia is a country that consumes the least amount

of energy: 0.27 kW /capita, versus 11 for the United

States; the Africa average is 0.4[1.2]. This means that

the unsatisfied necds are very high, which restrains the

i cconomic development and limits the diffusion of the

i weifare. Many developing countries are in a similar

condition; however, Somalia has some unique prop-

erties that can be summarized as follows:

1. Throughout the country, exccpt Mogadisho (| mil-
lion inhabitants), the population density is low ag
most villages have from some hundred to a few
thousand inhabitants and most people arc not sed-
cotary. Since the ronsumptions are merely the vital

: ones, the villages energy needs are very little: some

| willing, few refrigerators and 4-5 hours/day of
lighting, namcly 20 to 50 kWh /d for a200- to 500-
inhabitant village can be estimated.

2. Most energy necds are for the water supply, cither
for drinking or for irrigation and cattle watcring,
Cattle are still the main Somalian BCONOMIC ron
source. However, they arc not VETY remunerative
berause of fodding pooriess and water scareity. In
regard to watering, 7 to 1) Wh /head can be esti-
mated, namely a 7-10 kWh/d well-pumping system
could water at least 1000 heads/day,

- Somalia lacks any chemical and nuclear resources
and gets into heavy finuncial problems when trying
0 supply oil; fueling of engincs in remote areas is
difficult and costly. Instead, there are two free and
unlimited energy resources: sun and wind, Al
though not very intcnsc. they are very repular and
their typical dilute distribution meats the dilution
of the social needs very well, In this situation, solar
or wind-power plants are suitable to fulfil durably
the primary cnergy needs. which is an appropriate
solution for the basic wellare,

On the basis of these considerations a rescarch pro-
gram on wind energy distribution and exploitation was
started in 1983 by the Somali National Liniversity
(SNLJ) with the support of the Italian governmient.

L
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presented, The wind resource appears to be
very intense on |0% and uniform on 70%, being
have been identified and characterized; the wind-
discussed, together with the territorial maps of the

The choosing of wind instcad of the solar energy was
dictated by the economy, the reliability, the local ex-
perience and existing data: indecd, no systematic solar
radiation measurcment has ever been made or rg-
ported, while there arc some working ancmometer gia-
tions in the country.

The Fantoli's climatic study[ 3] is the only oviginal
and recently published source of Systematic wind data
on Somalia: it collects and discusges wind specd and
wind direction data measured during about 20 years
with wind-cup anemometers at 2 m of elevation gver
the ground—in 12 sites well distributed in the country,
With regard to the historical data of the aeronautica)
stations, they are given by the registers of the Somali
Ministry of Transpert (SMT), usually as 5 or 8 data/
day. for periods from 2 to 26 years, depending on the
starting of the station, Some of the SMT stations were
alrcady considered in ¢af, 3: however, we had access
to more and later data,

Reference 4 collected all the wind data of the
SNU research; preliminary results were prescnted in
[5-7].

2, CLIMATIC SLURVEY

Somalia is placed in a trade-monsoon area, so cli-
matc and seasons are regulated by the monsoons al-
ternation: from December to March the Northeast dry
monsoon occur and from May to October the South-
west damp monsoon prevail, two short and irregular
calms take place between them, During the monsoon
seasons, the winds have a prevailing direetion, as it can
be scen from the wind-roscs of Fig. 1 (from rcfi[3]).

Rains arc poor: from a few tens (in the North) to
some hundreds of mmy/ vear, The rains arc irregularly
distributed on the territory and coneentrated within
two periods, May-Junc and December, There are anly
two permanent rivers, Shebelle and Juba, both of which
run south. In most of the country (cxcept the coastal
band), eloudincss is high and water evaporation and
seepage i% very intensc. This causes the Shebelle River
to dic out in marshes rather than flow into the sea.
Temperature is very uniform (oo average): there are
few degree fluctuations around 27°C,

P:2-11
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3. THE WIND MEASUREMENT PROGRAM

Table 1 lists the 19 acronautical {SMT) stations,
whosc sites ara shown in Fig. 1. Although Somalia is
lacgely a flat country where some territorial extrapo-
lation of data is allowed, 15 data points is a small sam-
ple to use to get knowledge of the wind cnergy distris
bution on a territory more than 600.000 km? large.

Some of the SMT data are irregular and/or unre.
liable, uncertain informations wore gotten from other
cases about instrument collocation and elevation,

In Table | all the main information is given about,
reliability of the data, type of instrument (usually g
counter ancmometer or a manyal wind-cup instanta-
5 LEOus anemometer), elevation over ground and num-
ber of full years of data that arc available, The cubie

Fig. 1. Distribution of the Somalian anemometer stations. The wind-rases are drawn from rof. 3.

mean wind speed is a reduced value, as it was calculatad
from 3 hours instead of 10-min data (sce later),

Taking into account these limits of the SMT data,
Il new (SNU) anemometer stations were sct up in
southern Somalia in 1983-84; the sites are listed in
Table 2 and shown in Fig, |, Two wind-cup monthly
mechanical anemographes (set up in the sites AOOQ and
AD!), onc propeller self-generating electric ancmo-
graph (used random in AOO and A03) and nine wind-
¢up counter anemometers have been employed,

The anemographes allow a time resolution up to
10 minutes, which is achieved by manua! reading of
the recording paper, made by the SNU staff, ( There is
an crror estimate of about +5%.) This approximation
is only aceomplished for defined periods: usually, just
the hourly averages are read and registered throughout,
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Table |, SMT sites; main informations, with mean wind

5peeds and cubic mean wind speeds (m/sec)

5MT Rnemomotar Statians

N. Localiry Anem,  hy Ny v V3
19 RISIMAIn m 1.5 26 a,8 0.1
18 CENRLE <] 2.0 ] 2.5 3.9
17 BARDERA m 1.5 12 4,3 5.5
1 MOGADISHO e 2710 26 5.0 6.8
16 ArGor e 2.0 1 6.5 6.1
15 ARIpoA < 10 22 1.6 4.8
14  BELETWEIN c 15 25 2.8 5.3
13 EL num m 1.5 20 0.2 {*}
12 0BBIA m 1.5 26 10.2 Lh. 4
1) GALFAlD a 1 25 4.5 8.1
10 GAROE m 1.5 - unznliabls
8  GARDD m 1.5 a1 7.1 B.9
§ BOURRG m 1.3 13 7.7 1.1
7 HARGHEISA c/m 2/71.5 14 11.6 15.9
&  BORAMM m 1.5 13 7.0 9.2
3 ALULR m/a L5710 10 b.6 6,5
4  BOSASO m 1.5 16 6.4 7.9
3 ERigavnp ° m 1.5 2 3.3 12
2  BERNERR * m 1.5 13 B.1 12.6
RAnemomatags ¢ecountnr; m-manua);

e/meboth, gubanquantly
hg = anemamntgp helght (moters);
Ny @ numbar of Pull years of availabls data
" & poor ex irregulas data
(*]= enly yaarly onm ara avallabla
AL wind sperds ars caleulated at 10m »f alpvation

Counter data are registered manually directly from the
instrument at 6, 5, {2 a.m. and 3, 6 p.m. by local peo-
pie, All data are entered into a computer,

Many troubles, failures, social and logistic difficul-
ties were encountered; however, with a few exceptions,
continuous data was collected during 4--5 yeats, which
provided an seceptable knowledge of the local wind
characteristics and of the territorial distribution of the

wind in Somalia,

The program iz continuing with some new wind
sites in place of the existing ones (the number of an-
émomecter stations that the SNU apaff €an manage [
limited), as more informationg are nceded in some
areas. Unfortunately, thete is no passibility at present
to extend the investigation to the north.

3, MAIN WIND PARAMETERS

Lot Vand V, be the mean and the cubie mean wind
speeq in the period T, that is:

r 1 1T ; 173
Vidy, Vyrm —f Fid :
f 3""[7.0 1 l} (1)

Ifin eqn (1) ¥ is the instantancous wind speed, V), is
the “exact” or “full™ cmws ( cubie mean wind speed):
its differcnce from V depends on ajl the wind irregu-
larities of any scale. However, V, can unlikely be cal-
culated as no instrument Rives instantancous wind
Speeds. In ref, 8 it has been shown 1o be suitable to
introducc a time scale of the wind irregularities and of
the approximations, If the mws ( mean wind speed ) of
a subperiod (10 min, | by, | day, ete,) replaces the
instantapeous one in cqn (1) an approximate ( reduced )
value of V; is caleulated, where physical significance
depends on the subperiod that hag been adopted,
Four degrees of wind fluctuntions have been con-
sidered:
I. Short-seale fluctuations, shorter than 10 minutes
(“gusts")
2. Period from 10 minutes to 1 hope (“squalls™)
3. Period from 1 hour to { day (“breezes")
4. Seasonal varations longer than 1 day (“mon-
soons™),
Accordingly, four degrees of approximation for the cu-
mulative cmws can be defined. The first of which is
the “full™ mean V, that ineludes all the fluctuations,

1
Yo~
TJ

Table 2. SNU sites; main informations and overall dats

—
3NU Anrmemotor Stations

N,  Lecality hnem Ny ¥ V3 E a k c
A00 MOOADISHO a 6 5.2 5.8 2,09 .362 2.3 &.1
AO0L  GARDD a [ 1.7 6.6 1.02 (530 2,2 4.2
A02 JALLALAXT Q ) 4.2 5.6 1,71 .sBR 1.7 §.7
A03 RDALE [+ 5 6.8 7.3 4,13 ,i71 2.9 7.2
A4  BRAWA [} 5 6.7 7.3 (.21 .28 3.7 7.%
AOS  YNK BRAWAY -] K| 1.2 3.9 0.66 498 2.1 3.4
AD6  DUJIUMA c § 3.7 4,2 0,87 .15 2.6 &.2
AQ7 LOGH a b unroliable ~ nancallaed
R0A  TrarEGLO -4 8 3.2 3.9 0,63 .491 2.2 3.4
A09 MAR3 c 5 b 5.3 )1.60 478 32.3. 5.0
Al0 Fl, DEER c g 5.0 &5 2,9 .583 1.8 &,7
Ail DEGIT = 2 3.9 .3 g,86 L3851 3,1 4.3
Anomometara: a = anemagsaph : £ = countar
Ny @ number of Full years of dara
E = avallahle moan daily specifie onnrgy {kWh/mid/d)
@ = relativa atandard davintion
kic = Weibull's aasffioients

Bn quantities azo calculated at 1pm of slevation

P:gs11




TO: BBB31 7012639 P:5-11
b-5EF-2dUb 11:18  FRUM:SMHI BB4611495825@

Jla R. PALLABAZZER apg A. A GAnow

The others are the “reduced™ eumulative Cmws Vi, k7, k7. and ki arc a measye of the wind irregularities
Vi Vig that are caleulated by replacing ¥, with the respectively on hourly, daily and seasong] scale, while
10 min (clemental), the hourly and the daily mws, krmeasures the overa] wind fluctvation; it is the cubic
respectively, As a matter of fact, V,, depends on all root of the “cnemgy pattern factor", K., defined by
the wind irregularitias except the pusts, It “filters" the Golding[9]. As they are caleutaged by the cumuiarive
Busts. 'V, filters gusts and squalls; V3, depends only emws, all the kr's show an Asymptatic time-trend, ftg
on seasonal fluctuations, As no resolution higher than rising timte is a local Characteristic, which is very usefy|
10 min was available in our measurements, gusts could 1o follow the progress of the measurement Strategy,

not be filtered and Vi, = vy, We point out that this is actually the yse we make of
At last, we can defing the following coefficients of  the fluctuation coefficienty ag they arp; otherwise, they
Jluctuarion: are just used as a sujtahla algorithm for energy com-
putations,
- T o e The available mean wind power, P, and the overal|
K0 Vsl Vi = Vial Via: K m Vv wind encrgy, £, of & wind turbine in standard atrmo.
K= kpkikelr = Vi/v, (2)  sphere at 30°C during the period T are

CUBIC WIND SPEED MAP
(mis)

Fig, 2. Termitoria) map of the menn wing speed (m/eec),
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P~ {pinD*Vi = 0.44DVH(W)
En PT=044D*ViT(Wh), (3)

When dividing P and £ by D2, Speclfic quantities arp
obtaincd; therefore, V; is proportional to the cubic root
of the specific mcan power, If the “full™ cumulative
cmwa is replaced by a “reduced” emws, a reduced valug
of E is obtained, whose computation is needed when
thc mean energy that can be stored in a given periad
has to be considered.

4. PRESENTATION OF THE MAIN RESULTS
Table 2 collects the main informations and overall
results at the SNU sites; the relative standard deviation
and the Weibull's cocflicients are given together with

the mws and the cmws. E is the overal] average of the
daily speeific energy of the wind flow, Figures 2 and 3
present the territorial maps of the mws and cmws, Fig-
ures 4 to 9 show some computer drawings of the anal-
ysis (three eonstal and three inland representative sitag
have been selected): in Figs, 4 and 5 the wind-spced
and specific-power distributions, in Figs. 6 and 7 the
frequency histograms, ia Fig. 8 the duration curves
and in Fig. 9 the cumulative trends of the fluctuation
cocfficients,

All the wind speeds arc calculatad at 10 metees of
elevation above ground: a logarithmie law of the wind
profile ( Prandtl's profile) was assumed, that is [9][10):

V,= V[]n(lOfr)/!n(z/r)] (4)

WIND INTENSITY MAP
i /3)

_

Fig. 3 Territorial map of the cubic mean wind speed (m/sec).

Pi6s11



6-SEP-28B6 11:19 FROM:SMHI 8046114958250

Fig. 4. Yearly distributions of the monthly mws and cmws;
the hystograms are overlapped,

.

where ¥ and ¥, are the wind Speeds respectively at z
and 10 m of elevation and » i5 the ground roughsicss
Patameter (usually r = 0.003 + 0,25 m). Wind profile
measurements[4] have been carried out in a typical
Somalian environment (brush) and r m 0.035 wag
measured, However, for the sake of caution, r = 0.05
has been assumed al) throughout the country (i any
tase, no SNU measurement station was ammid buildings

TO: B868317@12899
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For the sake of simplicity, in the following all the
cmws will be indicated as V3 however, they al] amp
*reduced” emws.

In ADO and AD1, where the ancmographes provide
howrly data, Vs actually is Vs,. In all the other SNIJ
and SMT stations, where 3-hours dara are available,
V3 isa value lightly reduced of Vau (computations made
with the hourly data of ADO and A0! show that the
wind fluctuation of period between 3 hours and 1 hour
is very little).

The territorial maps have been drawn by matching
SMT and SNU data. Thirty data-point is still a small
humber to draw exact isowind lincs through a large
country; however, in the easc of Somalia the drafting
was facilitated by the low irregularity of the winds and
by the levelness of most country, Help was given by
the wind distribution studies for bordering countries,
Ethiopia and Kenya! 1,12]. A careful cxamination of
the SMT data has been carried out: all the sporadic
reeords and the iregular or incomplete years have been
rejected, It may be that some unreliable data has been
ineluded; however, considering the high number of
years of data that is available for most of the stationg
and comparing the SMT data with that given for the
Northeastern region (in some case same station) by
Fantoli[3] and other sporadie sources, we think the
SMT data can be accepted. That is, the maps of Figs.
2 and 3 can be considered asa good approximation of
the actual territarial wind distribution,

5. ANALYSIS AND DISCUSSION
As it can be seen from the maps, the isowinds rather

AO ! A f )
0 MMJ

HOURS

Fig. 5. Daily distributions of the hourly mwe and cmws,

P:7711
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Fig. 6. Wind speed frequency hystograms.

definite influcnce of the monsoons, Thetefore, as te-
eards the winds, Somalia can be approximately divided
in two regions: the North with the enstern coastal band,
and the inland territory. The flow in the first region is
govemned by intense winds (> 10 m/see) dirsetly yielded
by the occanic tradc-monsoon. The inner region of
central and southern Somalia is not very windy,
Somctimes, not far from the coast, it is not very windy
since baoth monsoons are rather pacallel to the oceanic
coast (see wind-roscs in Fig, 1), The inland winds seem
to be induced by the monsoon shearing rather than by
the monsoon penetration into the continent.

All the northern region north of 9°N is a mountain
massif facing to the NE monsoon, thercfore subjected

to intense winds. Twa castern areas as well—south of
0" and between 4°N and 8°Ne—are particularly windy
compared with the next areas, In fact, the northerty
massif shades the downflow region from the NE mon-
soon, while the SW monsoon is less intense than the
NE one and weakens north of 0°, The area of minj-
mum wind in the South is probably due to some re-
ciprocal compensation between the monsoons during
the months, as this lower wind intensity is not uniform
through the year,

A0O

[
4,084
ﬂ.:*
Ao2
8,08+
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.
. A8
2.8
.08
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| nnﬂ N
e TR A de Be | Ma
V (mys)

Fig, 7. Power frequency hystograma, as functions of V.,
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fo the sea winds, Figure 4 shows the cyelic course of
the winds, which gre intense during the monsoonic
feasons and drop during the calm periods between
them. Most of the wind Crergy is ¢onecntrated from
June to Scptember and from Decomber 1 March (thig
is during MONs0ons ) when about the g, of it is pro-
duced, However, the monthly mws are still rather high
(about 4 m/sec) during doldrums, rising to § m/ sep
during monscons. In this area, the daily mws seldom
drops to zero, aven during the calms,

In Fig. 5, the wind fising from [Q Lm. to 6 p.m.
shows the brecze contribution, Whije the monsoong
yield an intense and stable background aip flow, the
frequency hystograms { Figg, 6, 7) show the Gaussian
behaviour, with wind-speed peaks in the range 3-8 m/
scc and power peaks in the radge 5-10 m/sec. From

than 60% of the wind speeds are higher than 5 m/s
(cut-in wind specd of most medivm-lorge size fast.
running wind turbines), A mean specific power of
about 200 W/m? i3 available during more than 609
ofthe year, which can be consideced as a good Potential
resource for the local needs,

All these sites show very little wind irregularity ( Fig,
9% kraround 1.1}, with the thirg fluctuation coefficient
higher than the second one, The krin AL0 is g little
higher (1,28), this depending more on the value of the
mws being lower than on baing highcr than the wind
fluctuation, The fisst Auctuation coefficient & is very
low in Magadisho (1.006). and the asymptotic trend
is achieved after g faw days; this means a very low
little-seale fluctuation and a very stable wind.,

In conelusion, the coast-band wind resource is very
favourable, with good mean wind Speeds, very pood
deily and seasonal regularity, and with moderate max-
imurm wind speeds (not higher than 15 m/sec).,

5.2 Inland territory (401, 402, 405, AD6, A07, 408,
A09) .
The qualitative hehaviour of the inland sites is sim-
ilar to the coastal ones, but the wind power potential
is about 4 times lower: the cumulative cmws Vs is
around 4.5 m/aee (7 m/see on the coast), which meang

o I " T m el that the power is 3.8 less (about 40 W/m? on an av-
8 crage),
. : . The monsoon cyele is followed here ag well, and
Fi. 8. Wind speed and specific power duration curves, the monsoon seasons contribute about 807 10 the an-
nual wind encrgy resource, During the day the brecze
B To sum up, the maps show that the cumulative contribution is still present frora [0am. to 6 p.m, The

mws exceeds 4 m/sec on 85% of the territory and 5 frequency peaks are aboyt 2 m/s¢c less than on the
/s on 50%. Values higher than 10 m/sec are available coast; the calms (V < 1-2 m/gec) occur between 5%
; on at least 10% of the land, The wind cnerpy distri- and 15% of the time,
! bution is very uniform throughout 70% of the country, Lastly, the duration curves show that for most of
! which is rather fat, the year the wind speed is too low for a fast running
I As the wind characteristics o the sites of the same  wind Bencrator: on the average, wind speeds higher

area arc rather homogenous, the SN sites can be as.  than 5 /3 are available only for 15%-20% of the year.

sembled in two groups. With such a level of intensity, only slow wind machines
(multibladed water-pumping wind mills, or wind elec-
3.1 Coastal band (sites- 400, A03, 404, 410) tric pumping systsms on low watcr heads) could be

The first thres places are seq towns, The last one is  set up suitably, The inland wind resource is rather poor
located 20 ki from the fe4, on a desert plain exposed  and unsuitable for & very concentrated energy exploi-
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Fig. 9. Cumulative trends of the fluctuation coefcients.,

tation; howcver, the regularity of the winds could make
it fit to answer the basic energy needs,

The fluctuation coefficients are a little higher (==1.2)
than the coastal oncs, but are low in comparison with
many areas in the world: besides, the &5 becote stablc
sooncr on the coast, where the trade-monsoon regu-
larity is dominant. The second coefficicent is of the same
order of the third one, as inland the brecze effect is as
important as the monsoon effect, The first vocfficient
in A0l is a little higher than in AQQ but it is low as
well: 1.018. That is: Iow little-scale wind dynamics in-
land, too, The wind regularity seems to be the impor-
tant merit of the wind resource att throughout Somalia,

6, CONCLUSIONS

Both the chamcter of the Somalian termitory and
the informations that can be inferred by the maps prove
a large climatic uniformity and allow to extend the
results of the SN stations to most of the country: all
of the eentral-southern arca.

There is an high-enerpy coastal band, that is rather
nacrow (few tens of km) around 2°N and widens out
and intensifies southwards and mostly northwards; it
extends as far as 80-100 km inland, The specific wind
encrgy that is available in this ares goes from 5 to 20
kWh/m?/d: therefore, a little-size (5-6 m diameter )
fast-runnping wind-generator can fulfil the basic energy
needs of some hundreds inhabitants and/or the wa-

tering needs of some thousands heads. Owing to the
high wind regularity, this ¢nergy can be provided during
about 70% of the year with a reduction of 30%-50%
during the rest.

The inland area between 0,5°N and 4°N instead is
poor, as less than 1.5 kWh/m?/d are available, and a
3-6 m wind machine could provide less than 57 kWh/
d. At least a 10-m turbine is necded to supply energy
to 200 people. Therefare, in this arca the wind enargy
is economically suitahle only to pump water, as a 5~
6 m multibladed turbine eould supply wator to many
hundreds of pcople s wall ag cattle, At last, in an an-~
nular zone intermediate opportunitics take place.

In conclusion, the investipation showed that the
wind resource is good cnough in Somalia, especially
along the coast, to supply the people with basic energy
needs. This resource was quantified and characterized.
On this ground, projects for wind-power utilization
become feasible and desirable,

NOMENCLATLRE

turbine diametor

available wind energy in the perod T, can, (3)
coeflicients of fluctuation, eqn, (2)

available mean wind power, eqn, (€3]

time

perdod of time

mean wind speed, eqn, (1)

< avimo
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V: cubic mean wind speed, eqn, ()
» air density
mwW3  mean wingd spesd
cmws cubic mean wind rpeed
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