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CREWORD

Ihis report was written durineg the term of the technical services
work performec for the United States Agency for International Deve lop-
ment (U.S.A.T.D.) by ths author in Czype Verde from April 1 o Sep-
temkber 5, 1383, The work was done for the Cape Verde Renewable Energy

(

w)]
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Project 25—u9§7.0f) ty Pevelogment Services Associates under con-
tract no. 525-0937.032-C.0C-3000-00

n of mon2y us2d in this report are the Cape Ver ean escudo
he T.S, dollar, L"'nce ooth use the notation § ithey will be de-

3s CVYE and U3D respectively in order to avoid cenfusion.
“he exchange rate for these two currencies is usually taken in this
report as 70 CVE = 1 USD. However, it has changed over the years as
shown in Fig % of Sect: n V and occasionally an exchange rate is

- used appropriate to

he report consists in part of papers written separately, then later
included in fthe repert. Therefore, numberiag of fi igures, tables,
¢eguaticns and referénces appears for each section separately. Refer
to the end of each sectioa for the references or, ocasionally for
the figure capticns.
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SUMMARY

Three major energy needs, which are especially amenable to satisfaction
by solar and conservation technigues, are identified for major atten-
tien,
They are:

. Proviegion of waier by pumping and desalinsztion,

. Fruvision of electrical energy,

. Conservation of cooking fuels.

The primary enorg scurce which is consi
directly. 1In crier to make cost compar s and discuss integrated
gystems, wind and petrcleum hzzed ener s are alsc ccnsidered, The
cecking fuels considered are wood, bruuh and agricultural residues.
Insolation data is collected, analysed and vpresented so as tc be useful
to desizners of sclar powered systems.

dered is solar energy utilized
on

Five technologies or macnines for cenverting the enersy scurces irto
the useful products electricity, water and cooked foods are considered.
They are:

. Wind machines

. Salt gradient solsr nonds,

. Improved cooking stoves and me+hods,

. Pptroleum fueled engines,

. Photoveltaic electricity gernerators.

Tectnical and cost evaluations of s-me comtinations of these erergy
needs, energy sources, and ccnnecting tecknelogies are presented for
development.
They are:
. Desalinated water - electrical power production systems power-
#d by ccmhbinastions of petroleum sources, wind machine= and
solar vonds,
. More efficient cooking methods and devices,
- Isclated rural electrical power for small water pumping, re-
frigeration, lighting, ccmmunications.

Progrems to accomplish this are suggested and outlined. T
pregrams recomnended for immediate implementaticn and long range im-
plementation.

The programs for immedi=: = ﬁmpTGmertLTinn are:

. Plarning for and design of desalination- electricity »nroduction
systems using a combinatinn of petroleum, wind and salt gradient
solar ponds. This includes plarning for a rejuvenated salt
production industry.

. Constructior and operation of a scler vond for developing an
in-ccuntry capability,

. Development and diffusion of morec efficient cooking methods
and ecuipment.
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The programs for long range implementation are:
. Establishment of an insclation measurement program,
. Developmert of a capability in photovoltaic power generation.
. Construction of a solar pond of approximately 65,000 square
meters to furnish power to the Sal Island desalinstion-elec-
tricity generation system,

As examples, a moiel solar unnd developmernt project (Arrendi.: D) and
S ’ = 3 J ob

a model preject for improved cooking technolosgies (Appendix ) are

presented,
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I. INTIRCZUCTION

The objective of this study is to determine if solar energies can reason-
ably contribute to satisfaction of some energy needs in Cape Verde and

to suggest developmental projects for promising cases. The criteria
apprlied are:

(1) Is there a substantial need?

(2) Is thesre a substantial energy resource?

(3) Is trhere a good technolcsy or machine that can economically

apply the resource to satisfaction of the need?

Cases for which all three of these gusstions can be answered positively
are analyzed for technical feasibility and cost-effectiveness.

Major energy needs which =re clearly identifiable are energies needed
for electricity production (commercial, residential, industrial, govern-
ment uses), water production, transportation, agricultural production,

and cooking. Energy needs for domestic and industrial hot water, and
building heating and cooling apparently are not large and therefore

are not considered in this study.

The sclar energy rescurce is substantial. 1In this study we arbitrarily
exclude the solar derived energies from biomass (except for cooking),
O.T.E.C., ocean waves and most fossil fuels. However, it is necessary
to consider wind energy and petrol=um because these are the competition
and we must usually make cost comparisonswith them.

Solar energy conversion technologies provide heat, mechanical or elec-
trical energy but, with the exception of biomass derived fuels which
are excluded from our study, they are not technically well adaptable
to mobile applications. Therefore a large part of the agricultural
and all of the transportation energyv needs fall by the wayside as far
as this study is concerned.

Some cases which easily survive application of all three criteria are
water production by pumping a2nd desalination and electricity produc-
tion for urban and isolated rural uses. In this study we consider
them in some detail with respect to solar, wind and retroleum energy
sources and conversion technologies.

These three criteria do not aprear to be applicable to conservation

and more efficient use of energy since there is apparently no source

of energy whose size can be determined. However, that is only super-
ficially true since it has been shown that conservation and better
efficiency are in reality large energy 'sources" (a penny saved is a
penny earned). It appears to be the largest energy '"source'" discovered
in the United States during tha past decade, Improved cooking methods
fall in this category. The need is large. The cost and labor of obtain-
ing cooking fuels are large, land is being over-taxed by excessive fuel



collection inciuding the roots of piants, and the goverrment is incur-
ring substantial expense in its program of butane subsidization. Early
results of programs to improve cooking efficiency in other countries
look promising so we will assume good technologies for increased
efficiency can be introduced. This will also be considered in this:
study.

This report first makes a brief survey of energy needs. Then the solar
€neérgy resource is analyzed. The available insolaution iata is presented
So as to be useful to a designer of solar Systems. The wind resource

is then reviewed and electric power production by wind machines in

Cape Verde is briefly analyzed, Th2 time evolution of tha prices of
petrolzum proiucts in Cape Verde is presented., They have teen increas-
ing raridly in recent years. Tren rome solar technologies (also wind
ani petroleum) are applied to the desalination, water rumping and elec-
tricity production problems. Finally a few project recommendations

are made and a model project for solar pond development is presented.

N



IT. ENERGY NEEDS

No attempt will be made here to make an exhaustive statement of energy
needs in Cape Verde. Indeed it would not be possible for scme sectors
because the basic data does not exist. For example, quantities of
different types of ccoking fuels used are not known and it would re-
jquire a fairly serious survey to determine them. In:tead, we will

list energy needs; then later in this report elaborate on a few which
are known to be important and wzich have gzood rrospects of heing satis-
fied by renewable energy resources an - technologies.

1. Energy for mobile applications: This includes transrortation and
mobile agricultural wori. It generally requires liquii fuels although

in th2 past gasification of solidi fuels hzs been used for morile power.,
Since Yiomass resources from which liquid fuels (ethanol, methanol,
vegetable oils,...) can be manufactured, are scarce in Cape Verde pro-
duction of such fuels from internal biomass sources does not appear to
be promising,

2. Builling heating; domestic and industrial hot water: In northerly
climatesthere are prime prospects for solar heat?-—gaﬂever,building

heat is celdom needed here and only a few opportunities for solar hot
water exist. Solar hot water could be installed at the Praia hospital,
at the higher priced hotels and in a few residences. However, for
average houses and hotcls it is simply not needed. Industrial enter-
prises that could use solar hot water include the tuna canning factories
such as the one in-Praia. However, conservation measures (insulating
hot water tanks, for example) would probably be more cost-effective.
Furthermore, the plant operates only seasonally so that the solar system
would not be used continuously (renewable energy systems are no* general-
ly cost-effective if there is too much idle tima). However, if a new
tuna processing plant were to be built it would be appropriate to employ
censervation measures and perhaps to install a solar hot water heating
system. nven though there are limited opportunities, solar hot
water *e=2ter -hould be installed wherever there is substantial, con-
tinued use of hot water. )

-

5. Building air-conditioning: There is not a strong requiremeant for

air-conditioning in Cape Verde. The little that is needed could be
provided, at lower expenditure for imported fuels, by (1) use of con-
servation measures (awnings, good maintenance of air-conditioners;,
weatherstripping, etc.) and by providing renewable, supplemantary
sources of electric energy for the cities (wind, solar).

b, _Electricity:

(a) Rural: Electricity in rural areas can be used to refrigerate (me-
dicines, food products), to illuminate, to pump water, etc. Rural dis-
pensaries in some African countries, e.g., Lesotho, have found solar
photovcltaic electric generators to be quite attractive, functionally

q



and ecrrcmically, for refrigeraticn of medicines and for two- -way radio
cemmunication., Many of the rural dirpensaries in Cape Verde ure located
n tcwns which have electricity and televhones so this need doesn't
pear to be as great. However. small electricity preducing units,
ther wind cr sclar photovoltaic.may find a place in rural areas and
i3 poseibility should he kept in mind. :

it urtar regions is an est:
by diesel generator:
including the deszal
n imports implics ¢
more premising alt
U.7. wrolect which i
generaticon systems,

sectione,

(b) Urbkan: Electric
is currently hein
fired with
increasing cost
trolsum be tried.

(whick ir heing st
generatgersat Praia) -
discussed in more det
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5. feoking and distilling: Ceooking ie now done with *raditions? gls
{brush,wond, Auneg, agricultural residues) and with bu*ane or kerozene.
Grog distilleries use lerge ameounts of agricultural residues .arvarent-
lyv all supsr cane bagagse. We have no* determined the guantities of
various Tuels uced annually for cenking and srog mzking., This woule
recuire a throuch survey and study.

rently it costs 70C0--00 escudes to import a hottl
of butane. It is snld 7o D5t
ng ocorne by the government. TIn order to reduce
t is underway fo import in bulk and do the bnattl
t of firewood in Mindelo was reported to he b es

-
r 500 escudos, the ¢

A kilojoule of wood energy is therefore 5 times less exvensive than a
kilojoule of butane energyv. Evidertly the efficiency and converience
of hutane compernsate for this cost difference.

The prchlem of cooking fuels is no* only on: of exvense and labtor fer
gathering but also one of land guality. Gathering of fuel contributes
to nearly total clearing of the land including nulling reots. lLeaving
some of this on the lznd wculd reduce erosion and add orgenic muttler
to the soil.

6. Water suvply: This apvears to be the mzjor problem of Cape Verde
Even the food suoply couls be said to be secondary hecause it denends
on the water supplyv. Rainfall provides erough water for a shkort grow-
ing season and serves fo replenish the undergrcund acquifers.

Secondary supplies of water come from (a) fresh water acguifers (b) brack
ish acquifers and (c) sea water. The water ics obtained from the acqui-



fers by netural flow (springs), Lty drilling wells and pumping, or by
constructing galleries (nearly horizontal tunnels into acguifers which
underlie elevated ground, mountains, etc.).

Except for natural springs, energy is required to obtain and/or treat
this water. Construction of wells, galleries, and water distribu%ion
and storage systems requires energy. Pumping from wells and through
distrihution systems reguires energy. Finally, desalination of saline
and sea water reguires large guantities of energy. With the exception
of perhaps no more than 10C wind pcsered water pumps and one proto-
veltaic water rump, all of this energy is supplied by petroleum or
numan lator. In a3 later section we shall investigate other scurces of
energy that can substitute for these.

7. Energy for asericulture: dligner vwroductivity requires ui
inputs. TFor food pr ction these energy inputs are (1) lan
tion, rplanting, tilli

a
(3)

E
i harvesting, etc., (2) irrigation ) insect-
icides, fungicides, etc. (5) transzport and (6) post harvest treatmznts
(threshing, grinding, storage, Jdrying, etc.). We have already dis-
cussed (1) and (5) under '"mobile aprlications" and s2e no easy subg-
titute for petroleum based fuels. The same may be s=si1d for (3) and
(%) which =re manufactured or processed 1n a foreign country using pe-
trolesum fuels znd imported, thus adding indirectly to the imported pe-~
troleum bil™=. Number (2) irrigation has been ccvered unier "water
supply™. The last group (%), post harvest treatmsnt, permits easier
entry of renewable energies. .Solar drying of fruits or fish (if agri-
culture can be taken to include all food production) or of other pro-
ducts is possible. However, solar fish drying in Senegal has a long
record of going nowhere. Grain grinding has been done with wind and
solar photovoltaic power. Such non-mobile agricultural applications
are most suitabls for renewable energies. '

* There are, of course, locally produced fertilizers such as agricul-
tural wastes and dung, but much of that is used as fuel for cooking
and distilling.

\



TII. MEASUREMENTS AND ANAILYSTS OF SOLAP RADIATIO. IN CAPE VERDE

In order to design solar energy systems and devices and to calculate
their verfcrmance and costs, one must have rather complete and often
detailed knowledge of the sclar radiaticn resource. Specifically,
the inscoletion, bo*th glohbal and diffuse, as a function of time is
rneeded. Tor some a.plications the time interval must be 10 or 15
minutes, for others an hour, a day, a month, or even a jyear.

Insolation data was measured for Mindelo and Prais for many years
during the 1950's through early 19270's and recorded in the Anuario
Ciimatclagico de Portugal. Recently, meacurements have beer recrmmend-
ed hy AGREYMET and INTT.

We have ccllected data from these sources, including from Lisbon and
Sal Island, assembled it, analyzed it and presented it in a form that
is inter.ded to be uweful to the sclar designer. However, the data

is incomplete in that the time intervel is = month. except for Mindelo
and a few racent measuremerts, and the diffuse insolation was not
mezsured. Furthermore, the Rebit zsch actinograph used for all the
measurements before 1975 iz basically no" an accurate {nstrumert so

that most of the data is not of high accuracy (verhaps 10 % or less).

Therefore, an insela*inn measuremernt program should be set up and we
have recommended one in later sections of thnis report.

The reader is referred to Appendix A. for the insolation data and
Analysis.


http:AGPKY.ET

IV. WIND ENERGY RESQURZE TN CADPE VERDE

Wind has long been recognized =3 a significant scurce of enercy in Cane
Verde and there is g history nf windmill use. Tharefcre, it is not
surprising that a considerable amsunt of information on tha winid »e-
source exists,

1. Sources and Analyses ¢ Wind Data

Wind sreed 211 direction messurements mada nrior teo inderaendence (1973)
are contained in the Anusrio Climatoldzico de Portural l—17. This in-
cludes relatively comnlete menthly data for Mindelo, Sal. =nd Traiz =nd
less complete datsy fanr gome other gtatians =uch 2= g, Jarse (Santiz =n)
and Monte Velha (Forzo), Furthzrmore, for Minielo tha Anuario contains
daily data, for 2 times of the dzy, rlus the iailv averagze winil zpeed
(wind "run" divided by 24 heurs).

In the years after independence wind measuremants were made at Mindele,
Sal and Pro=ia, Anrarently the bes=t continuous data available is for

the Preia airmort, The Prai= airyport data for 1975-19%1 was analvzed
and pr. 2nted in an excellent rerort by Pieterse | 2|, This rerort ic
the mos. *“erough and useful rerort on wind energv ir Cape Verde to

date. It ic based on data from an unobstructed anemometer at a heicht
of six meters above the ground a* the Praisa airport for th2 years 1975-
1981,

The data fer Sal island for 1978 1is presented and used by Wood [37 in
his evaluativn of wind enerey votential for Sal island. Th2 anemometer
was at a height of 2 meters above the zround. Beurskens [ 47 nrecents
and uses the Praia airvort data in his report on the use of wind for
water pumning in Cape Verde. Van Meel [51 uses the Praia data in his
work ol water pumping. Blake réflprese;tg and analyses thz wind data
from Praia airport for 1978 in his study of wind power for Cape Verde.
The National Climate Center in the USA | 771 has reduced Cane Verdean wind
to a computer format for Minielo. Praia and Sal (as r<norted by Rlzke
EB]. Frandsen E87 uses wind sp2ed da*a from Sal and Prais in his study

of electricity production from wind in Cave Verde and Lambert | 9 | lists
wind data and evaluates wind energy pctential for various Cape Verdean
locations.

Currently. I.N.I.T. (Instituts Nacional de Investizazao Tecnoldgica) is
measuring windspeseds 2t two higher elsvation leocations near Praia in
rreparation for installation of two 55 EW wind turbines which will fced
power into the Praia electric power system. Ponta d'Agua is on a ridege
which apoears to be oriented properly with resvect to the prevailing
wind direction. Sample dzta from November, 132 shows daytime average
windspeeds higher than those at Praia airport. Th2 wind =peeds at the
other site heing tested, Palmarejo. appear to be slightly lower than
those at Ponta d'Agua.



The AGRHYMET* system of weather stations is effecting wind speed
measurements. However, being devoted to agricultural purposes, the
measurements are maae near grcund level, and often near obstructions
to wind flow and irregular terrain features. Therefore, these m=zasure-
wents will usually be of marginal use in wind energy work.

2. Charecteristics of the Wind Regime

The characteristics of the wind regime in Cape Verde are well des-
crited in the works cited above and these should he consulted. A

brief summery is givern here,

Averzase wind speed

On Sal islznd the average win? speeds go from a high of nearly 8.5
m/s in March, April and May to a low of ahout 6 m/s frcm July to Oct-
ober [ 3]. At the Prsia airport the high is_about 3 m/s and the low is
about 5 m/s during these same months | 2, 6_L The diurnal variation is
characterized by a broad peak from atout 100 hours to 1800 hours for

4

* ACRiculture, HEYdrometry, METeorology measurement network for tlte
Sakel with leacquarters ir Niamey.



toth Sal and Przia r%,L_J During the "windy" months the average wind
speed in the afternoon is nearly 10 w/s in Praia FBW. The early morna-
ing hours are the most calm. This diurnal variation is not quite in

Qynchronlcm with electric power demand which veaks at about 2000 hours

in Praia | 6!

On more moun+ainons islznds the average wind speed would be exupected to
be sirorzly dependent or locztion., This iz horne ou* by tne recent
I.N.IT.T. men 51remﬁnt. cn the ridge at Ponta d'Agua. However, very
little good i3ta on gecrrathical depsndence of wind speeds is availabie.
Wind syeed distribution
Pieterse | 2 | has ‘ouni that the Weibull rrobability density function
(0]
k .V k-t T,V K|
P(V) = ==— e exp|={—) (1)
c s c

describe the wind vegime at Praia airnort for the six vears 1975-1981,

P(V) gives the probabi’ity of wind speed, V. The consiznt o is related
to the average wini velocity (see Eq.3) and k 1is the "Weibull shape
parameter",

The shape parameter varies from 2.24 in Septemver to 3.67 in May —27
This high wvalus of k means that wind speeds are grouved closely about
the average speed., Thiz is in sharp contrast to most wind regimes in
more northerly climates., Tor example, in Denmark values of k between
1 eand 2 are common L?Zw;at the Altamont nass wind ares in the 11, 3,4,
values close to 1 occur r117 ; and th2 Weibull function may not even
represent the data in maFy cases. The significance of a k value of

% 1s that wind sys“ems can e designed which do not have to account as
much for very high or very low speed winds.

In Figure 1, we show the measured wind speed distribution ‘or the month
of ¥ebruzryv as given by Pieterse r2j. Th= Weibull shane parameter, k, is
2.6 and the average speed is 7.89 m/s. In Figure 2. we show the measured
annual wind speed distribution for a site in th2 Alteamont Pass east of
San Franzisco, California. U.S.A. The average speed at this site is

7.4 m/5, 1If one were to ignore the shoulder on the Aistributicn at 15

to 20 MPH (miles/hour) a Weibull function with a shape parzmeter near

or slightly less than unity would fit the data,.

In Figure 3 a series of plots of the Weibull function is shown for shape
parameters from k= 3.0, which is close to the Praia data of Figure 1, to
k=1,01 which is similar to the Altamont Pass data of Figure 2 if the
bump in the center w:zre removed,



Figura 3.4: Distcibuigao do vento durante os meses de fevereizo de 1975 a 1981.
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Fig. 1. Wind speed distribution at Praia airport for Febrvary (average of years 1375 to 1981).
From Pieterse | 2 |. The average wind speed is 7.89 m/s and the Weibull shape parameter is 3.6.



FIGURST 4.3

SITEA-01 ALAMEDA COUNTY
DATA PERIOD : 2/22/79 - 12/31/79

FREGQUENCY HISTOGRAM
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Fig. 2. Wind speed distribution at Site A-01, near Altamont Pass east of San
Francisco, California, U.S.A. for March through Decembher 1979. The average

wind speed is 7.4 m/s and the Weibull shape paramster would be near unity but
the data fits the Weibull distribution poorly. Fronm Eennessey and Waco [11].






3. Wind machine performance

It is useful to estimate performance of wind electric machines in Cape
Verde by comparison to the performance of machines in the Altamont Pass
area where over 500 machines of 50 to 100 kW rated power are operating.
The average wind sveeds are similar. However, hecause of the very
different wind speed distributions the experience at Altamont Pass must
be applied to Cape Verde cautiocu=ly,

Let us uze, as an exzmple, the Fayette Model ZL_7371S wind machine r137
with a rated power of 74 kW. More than 200 of these are in operation in
Altamont Pass. It has a 10.4 meter iiameter rotor with three fixed
blades. Tt feeds power into the northern Califernis electric distrizu-
tion system. At low wind speeds its ratation speed is 20 vevolutions
per minute (RPM), at higsher wind speeds it is 120 RPM. Tt'e power curve
(power output as a function of wind sperd) is shiwn in Firure b, Super-
imposed on this figure are two idealized power curves |see refs, 10, 2]

which will be used for subsequent encrgy ou*irut calcnlations.

bl

A straightforward numerisal integration of the »roduct of the actual
(not idealized) power curve and the annual wind distributions of site
A-01 nea™ the Altamont Pass (Figure 2) and of the Prais airnort* results
in predicted annual electrical energy production nf:

Site A-07 near Altamont Puss 167.000 kWh
Praia Airport 114,000 xWh

Thus, this wind machine produces 45 % more energy at the U.S. site where
the average wind sneed is not much different fror Prai=a,.

The reason is that this machine is desjgned fo~ th2 higher speed tail
on the wind sreed distribution for Altamont Pass (Weibull shape para-
meter near unity). There are fewer occurrences of such higher wind
speeds at Praia {(shape parameter near three) as one can see by compar-
ing the distributions for th2 two sites.

The power curve of a wind machine can be satisfactorily annroximzted by
the simple form shown in Figure 5. The machine begins producine power
at a "cut-in" winid speed, V., and the vower rises linearly with wind
velocity up to a '"rated" windspeed, V, and "rated" nower Pr. Then it
is censtant up to a 'cut-out" wind speed, Vi3 n, 12]. The power curve
of the Fayette m2chine can he apnroximated Ny a cufve of this tvre with
Ve =5m/s. Vo = 17 m/s and P, = 74 k¥. This curve is superimpnsed, in
solid linzs, on the rower curve of Fayette machine (Fig. 4) and it can
be seen to aprroximate it reasonably well. Ths Fayette machine does not
hzve an ahruct "cut cut” sreed but we shall assume it +o he 3% m’s. re-
cognizing that the exact choice makes little difference for energy pro-
* The sum of the monthly curves similar to Figure 1 [és given in Table
3.1 of ref. 2_-|
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duction since winds of this sresd seldom occur.

The Windatlas for Denmark r127 zives a simple method for calculating

the energy output of a machine h= ving fhlc simple power curve at a site
having a Weibull wind speed dlstrlbut¢ [see pages 106-109 of ref. 12].
Th2 product »f the Weibull function (Eq 1Y and the pcwer curve of F:gure

5 is intecrated over all wind speeds. The result is the avernze nower, p
z > b 1 )

P CniVq/c)=-Gy (Vs/c)
— o ZhiY ‘ (2)
Pr Vi/c - Vao/c
The G's are certain gamma nctwuns nf the velocitiss, V, and Vo, and
of the Weitull narameters ¢ and k. The average velccity crmes in throuch
the relzation | 10, 12
e = V/X1:/K%) (3)

~

where [7is the gamma function. The 3's are given in Table AR of the
"Windatlas" 112 l We have used k= 2.5 since the "Windatlas" table

doesn't pive G's for hicgher values. We have omitted a term from Eq.2
as given in the Windatlas because it is neglisible for k values of 2.5
and cut-out wind speeds of 30 m/s. A shape fabtnv of 2.5 shonlA he a
reasnnable representatiop of the si uat cn oAt Praia si Pieterse [2]

i nees
gives cshape factors rarsing frem 2,24 in September to %.67 in May,

We have used this methed to calculate the average annval Tower and

anrual eneérgy preduction for a-machine of the Fayette tvpe with Vo=17m/s
and V2=30 m/s: and for a machine modified sn as to reduce the cut-in
speed. Vp, to 14 m/s in order to better take advantaze of the Prais

wind distribution. Th=2 results are shown in Table TV-1, '



TABLE TV-1. Average and monthly energy production for a wind electric
generator. The wind machine has the power characteristics of Figure 5
and the probability density function for windspeed is the Weibull func-
tion, Eq. 1,with a shape factor k=2.5.

- V2 = 1’7 m/s V2 = 1L+ m/s
Vim/s) f— — +— -
P/Py | P(kW) |E(MWh/m)| F/Pp |F(xW) |E{MWn/m)
5 0.072 5 3.6 0.236 7 5.0
7 0.201 15 10.8 0,258 19 13.7
9 0.347 2F 18.7 0.5445 23 2.8
11 0, kbao 25 25.9 0.5093% L 21,7
13 0.60h Lsg 32.4 0.639 52 37.4
15 0.692 51 36.7 0.772 57 La,0
)
V = averace wind speed
Vq = cut-in wind speed (S5 m/s)
V5 = rated wind sypeed
V; = «cut-out wind speed (20 m/s)
P o= average power
P, = rated power
E = monthly energy production (720P)

W



It is immediately evident that, in Fraia, it is quite important to select
a machine with a lower cut-in speed. At an aversge wind speed of 9 m/s,
for example, the machine with the 14 m/s cut-in speed will produce 27 %
more power than the one with a 17 m/s cut-in speed. Thus, in selecting
a wind machine for Praia we would choose a machine with different
characteristics than cne operating in the Altzmont Pass {or in other
similar northerly wind regimes). With precautisne such as these we can
transfer a great deal of our quantitative, opera*ing information from
the crerating wind farms of -he U.S.A. or Europs to Cape Verde.

If one xnows the characteristics of 2 wind eleciric generator, i,e., Pr.
Vi, Vo, Vz and has the average wind speed for the month st a cite in
Cape Verde one can read the montily energy productien from a table such
as Table I rs heignt cone

V-1. At a site such as DPraia alrpert at 10 met

would be zble %o produce about 13,700 xWh in June (7:5.7 m/s) with

the machine which has 2z rated wing speed of 14 m/s. I all months of
yOCO kWh/year.

the year were the same as June this would be about 14

&
R

+
However, as Pieterse shows | 2 |, th2 last six months of the year are poorer
e

*.17 of Pieterse

wing months., Actuaal numerical calculation from Tabl
th ields 32,000 kWh/

[ 2| for this machine (Vo = 1% m/s) at Praia airport
year,

It would bhe expected, of course, that a location suca as Panta d'Agua
would produce more energy than this hrecause of the speed ur 2ffsct over
8 properly oriented and shaped ridge. Kesults of measurements current-
ly Yeing made should allow reliable quantitative estimates to be made
which can be validated by direct comparison to results from cperating
wind farms,

ﬁ; Cumulative wind distribution: -

The cumulative wind distribution is thre fraction of the time that tne
wind speed is above V. It is particularly useful for estimating and
calculating the percenisge of time that a wind machine will be produc-
ing power,

Tl . cumulati-e “:-*; ution for the Praia airport is shown in Figure 6,
It is ths distribution for 6 vears from 13975 to 1981 as taken from
Table 3.1 of Pieterse [2| . In his report Pileterse gives the cunulative
distribution for each montk geparately for these six years.

Let us use this distribution to calculate the power znd energy produced
by the Lafayette windmill in its 20 RPM mode. A good approximation to
its 20 RPM power curve is

p(V)=O O<V<Vq
P(V) = Pp(V-Vq)/(Vo=Vy) Vi< V< Vs
2(V) = P, Vg < V < Vs
P(V) = 0 Vz <« V < &



, Fig. 6. Cumulative wind distribution for Praia airport for the DETIEN R ;
T ‘ years 1975-1981 (frem Pieterse [ 2 l ). & linear approximation in e e o s
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We have ch
power curve

(&}

{n
He © -
in 3

<7

4 m/s, Vo = 7.5 m/s, Vz : /s, P. = 25 kW. This
i ,

1 = = m
uperimposed on Figures 4  and 6.

6]

Thz cumulative distribution function can be fitted, by least squares, to
a straight line over the range of velocities & m/s to & m/s. The line
is

f(V) = a-bVv a = 1.36C1, b = 0,132% Ym/s <V < & n/s
with a coefficient of determination r? = 0.95°8 which indicates a very
good fit.

From the sugerposition of P(V) and f(V), Figure 6. one can determine

that the machine produces

zero power 20 % of the time
zero to 1/2 power 21 % of ths time
1/2 power to full power 22 % of the time
full power 37 % of the time

The energy, in xWh, produced during a certain time period is

E = N f”_ afV) biyyay
A avVv

where N is the number of hours in the period (= 8760 hrs/year). This
equation is easily integrated using the forms of P(V) and f(V) above.
The result is

b
E = NP, ja -= (Vo + Vq) - £(V3)| .

The parameters in this expression are presented above and the value of
f(VB) is read from the cumuls* v: distribution “»nction. For Praia,
f(V}) will probably be zero fo'most wind machines since Vz > 13 m/s for
most machines. The energy per year at Praia airport at a height of 8
meters is

E = 87602 26 0.1223 (o 1 151 263 bk ves
=< 5 11.2601 - - (7.5+4) -0] = 131,263 kWh/year

This very simple procedure is possible because the wind speed data fits
& cumulative distrisution curve which is accurately a straight line be-
tween 4 and & m/s and because the wind machine has its V, and V, lying
within this straight line region.



For tre wind speed regime at the Praia airport the enerzy produced is
extremely sensitive to thes low wind speed behavior of th2 machine. A
low cut in speed, V4, and a low rated speed, Vo>, are desirable. It is
striking that the approximation to th2 75 kW curve used earlier produces
less energy than this approximation to the 25 kW curve. The ccmparison
is:

Vi=5,Vs =17, P.=75kW E = 114,200 xWh/year

Vq o= b, Vs =7.5, Pr = 25 =W E = 121,003 xWn/year
The 25 kW machine produces more energy than the 75 kW machine Lecause
it performs better at low wind speeds.

Cost of electrical enercy proiuced ty wind:

25 xW can be purchaszed, shipped and installed near Praia airport for
60,000 USD* and that it will produce 130,000 kWh annually. Assume its
life to bte 20 years and the interest rate to be 10 %. Also assume
annual maintenance and operation costs to be 1000 USD/year. Then the
annual cash flows are:

Let us assume that the winimill with V4 = 4 n/s, V5 = 7.5 m/s and P, =
r

Payment on cayrital (20 year, 10 %) 705C USD
Operation and maintenance 1000 USD

Cost of proiucing electricity {8050/130,000) 0.062 USD/kWh

A location on a riidge or hill or on a higher tower would be expected to
produce more enrergy and consequently energy costing less than tais.

Unfortunately, long term wind speed measurements on ridges and desirable
wind power lccations are not availzable to us at the moment nor are de-
tailed data on power curves and costs, including skipwning, installation
and operating costs, of variocus comm=rcial wind michines. Therefore it
is not possible at the moment to do a more precise calculation of wind
electric energy production costs. However, it is evident that wind
electricity costs are of the same order of magnitude as the diesel fuel
saved (aoout 0.08 USD/kWh).

* This is an estimated cost based on reports of costs of commercial wind
electric generators from the United States and Denmark.
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V. COSTS OF P=TROLEUM FTUELS IN CAPE VERDE

Petrolsum fuel prices have stabilized in many countries during thes
past few years. However, in Cape Verde they have increased consider-
ably during this time and continue increase. This can be attributed
to the deteriorating CVE/USD exchange rate since petroleum must
usually ve purchased with U.5. dollars. This increase has profecund
implications for th2 viability of renewatle energy systems. This in-
formation is fourd in Appendix B.



VI. PERFORMANCE QOF RENZWABLE ENERGY TECHNOLOGIES IN CAPE VERDE

There are two types of renawable energy technclogies which hezve erough
of a track record in Cape Verde to allow an evaluation of their perf-
ormance and an estimation of their future prospects. Thece are wind
driven water pumps and simple solar gtilles, Othrr renewable encrgy
devices and systems have been inztalled but only recently or ss very
small l¢ ratorv-type ftrials o that Iiftle uvsefnl onernftional data is
available, Avonpg the lat i

(1) A 2.2, uW nhotovolt
Mosauito.

ane
er rump installed bv T.N.I.T. at Portc

i2) A very small biccas disestar installed by T.N.I.T. at Sao Filire.
(3) A solsr hot watler svetem at the Hotel M-oratecza,

(L) A verw larze, 530 entic meter, btigwas disester at +tho S*tate rig
farm =t Santa Cruo unider construction.

(5) A number of commercizl wind electric gzsnerators are heing tested
by D.E.R. at Sao Filipe,

forty of these have been installed by D.E.R. They are commercia
er ani Sfouthern Cross modelis. Flive units constirutted by JOTE-

NAVE, Mindelc have been ordered. They are simjilar t~ the American-
style wind purie and manufoctured almost entirely in Mindelo., This in-
cludes casting and nmilling of gears and construction of brass pumns as
well as rerformance of all irnn work. D.E.R. has Jesigned Aand cons-

tructed a water pumping windmill whicn is expe
than starndard models znd constructahle in Cape Verde,

1

ecied to be more efficient

Detailed information on wind rowered water pumring in Cape Verde 1is
available in D.E.K. reporis F?,':. z, L. An evaluation of the rrceram
is te he made enon. Presumagiy. this will include a techrical and
ecanomic evaluatior of this mumpine technelrzy

2. Simple solar stills: The simple solar ztill econsgists of = shallow
container of water with a sloring transpar-nt cover. Sel Jon

a
“rnters and is skgmrhed hy the water and its container, {a
and -~ondenses on the transparznt cover, The condensed wate
adhere to and run down *he unider sile of the 2over into a ¢

trenen, It is a4 "sinple-efiect" device meaning that the inconm

C in
enercy is crly used once (multi-effect devices uzz *he heal iberated
by £ ?Ghﬁpnéin? water to warorize meore water and this can he repeated
many times thereby utilizing the energy more efficiently . This tyoe
of =ti21 will produze one cunin watar of water n2r souac2 aeler of
gtill “n one yéar if it is »opzratine well =nd in a zuany clim=te.  As
the transparaent cover trzomes iirty an?! vapor le2avs devalar proiuchior
will @ rease A considerable zacunt of labor is reguired to keep the

;
2tiil crezn, msintained and nperating

N4






Equal snnual pavments con the loan LER.
Iabor 700
Management 300

(0]

8

o

Total annual cash flow 5

Lt the reported produsti-n of 1280 tcnnes per vesr tha cest of water

ig 4,60 U.8, dcllars yer tonne. This is a logest. and guite unrealistic,
figure., Over:tioral experience showed that the lifetires is less than

ten yesrs =nd that plastic and glass rerclzcement waz a gigrnificant cost.
Furthernore, the reported water production ficure is mucs higher than
e€xpervience elsewhere and censtructicon znsts have ircrezsed consi iderably
since 926, Taking threse things into account we have:

Equ91 annuszl n»=myment con the lecan (assumine 50 %

ncrease in corstruction coits since 1666) 7223
Zaopor 700
Managenm=snt 200
Glass renlacement ard sther repairs (including labor,
shinment, breakacge) 1020
Total annual cash flow 8227
Tuking annual production to be 750 tonnesz per year (still optimistic)
we fird the cost of water to be 12.43 U.3. dollare per Loune.

ke hzve no cost or operating infermation cn the szecend large =till
referred to avove. Il appwars Lo nave tesn out ot use for many years.
it's construction zost vper square. me“er aprears to be higher than the
£2111 at Hotel Morabteza because of more massive construction which
rzquired ccnziderszbly more ccncrete per sguare meter of still area.

nd water costs
nste., For

d frem a.study
as Gat=as, Sao

L 15 nolewnrthy that esztimates of construction cests
f solar stills are freguently much lower than zztual ¢
xannle, Jan Me=]l L1 annex D | zives zn ectiunte derive
by Aercwatt (France) for a sclar desalinator st Bahis 4

Vicente from w .izh wat-» would coct 85900 per tcnne. This is L to 10
times less than ths consts of water ?rﬁm the solar still =t Hotal Mors=-
beza. It is also less ~han thm2 ccet of wuler ocw the large modern de-
galination nlant at Minielo '4Q1800 par tonre as give:r by ELECTRA).

wind powered water vumnz end simple solar 2tills are the only twe re-
newable energy teclrolegies with enouzh actuazl operating exyarience

to allow estimation of thejr future pla ce in the Canve_Verdean energy
picturs. Wind water pumping arpears to be promising l1 2,3,k l In the
other hand simple solar stills zprear to he plagued by deterioration
cf end breakage of cover materials, and require a great deal of atten-
tion for operation, maintena:nce z2nd repair, Even more serious, the
construction cost is high relative to the quantity of water produced.

1



The latter factor alonecauses the cest of the water to be quite hizh.
Taxing acccunt of all costs that actuzlly occur raises the cost of
water to aliove ten 1.8, dollars rer tonne,
The hasic ovreoblem with the simple solar still dis that it uses its
energy orly conce. Therefore vast areas 1sve ta ba covered witrn concrete
ard zless; ard enly 3 am21l z9-unt of water cromes sut. Cr the other
zre othar Jesalination metkods vnich utilize energy much more
i T erergy is wetal

iy z0.rce of aill:
znid‘or wind energy are good.
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The simple sclar still cannot compete with more 2f{icient ceszliration
meth>1s excert pertans in certain =msll and remote Tacatiorne whare

water is very difficult to obtain by any other means. I+ criuld alsa

be useful in cases where s small atcvnt of reasonanly well-deninersaiized
water is neede? for whi-h a zood price exists such as water for car
batteries.

®
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VII. TECHNICAL AND FINANCIAL EVALUATION OF SOME RENEWASLE ENZRGY
TECHNOLOSIES FOR CAPE VERDE

We have discussed energy needs (Sec. II) and energy resources (Secs.
ITI, IV, and V). It remains to discuss the means for ceverting the
resources to forms of energy that satisfy the needs, These are eneray
technnlogies or Jevices., Wind maclhines convert wind enersy to mechan-
ical or electrical power which satisfies water pumpineg, lightins. etc.,
needs. Solar ponds couverl sclar radiation te heat which can drive a
multistage flash evaroration desalination plant, for example, or to
electrical energy which can drive a reverse osmeosis desalinztion plant
or & multitude af otrer thingc- in saticfiction of ener: necds,

It ig the conjunction of (a) significant enerey need. (b) good energy
resource and (c) zcod technology fto conncct the enerzy resonrce to the
energy need that determine: our choirce of technologies that we will
consider in some detail. It is not hard to justify the cheoicesmzde
because tiey are relatively obvious. Tt ig harder to say why =
things h~ave heen 1laft out. First, we lezve out most things, al
enerpies except cooking fvels, O0.T.8.C.. wave energy. animzl po
because we arbitrarily nlace them outside the dcmain of enerpmy
logies we wish to copnsider, Others, such as solar hot water, dc not
have 3 large demand in Cape Verde. There is no good technnlocy 2t
moment tc connect sclar energy *o mobile power for transportation and
agricultural needs whicl require liquid fuels (biomass has already
been excludud). Thus we arrive at a small promising proup which i
segentially electrizity and water praductien hy win? npachines, solar
rends and phetovoltoiss for small (present) and larce (future) aprlica-
! es and cock-

L

tions. The ctner promicsing area selzcted is improved !
ing w2thod

PR

These z-e analyzed primarily on 3 technisal and financizl basiz onat
other considerations such ag buildine loecal indastry, ianproving the
guality of soils, and reducing tedisus and tims _znsuming lzdor are
zlso conszider2?, Tha znalvses nre made in the folliowing several sub-
scetions, Then in fectisn VITII, wrofezts whrich logically izsue from

t ol
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1. Photovoltaic electricity.

Photovoltaic cells convert solar radiation directly into electrical
energy with no moving parts. They have the attractive properties:
- very low meintenance - can be left for long veriods in remote loca-
tions without attention.
. simple to install and repair - panels can be renlaced while zystem
is onerstine.

long life.
. modular constructicn - can be added to easily without stutting the
system down.,
. verzatile & convenient - erergy comes ovt directly as electricity,
» light weight - does not require as much srace as most solar electri-
ity producing devices,
- smaller units sucik as 250 watts are portable if desired.
They have the following deficierciec:
- they produce energy only wher the sun shines.
. they are expansive,

The first deficisncy is of little concern when uszd for waterpumping

s€ince tlie water can be storsd at nominal expense. When used for elac-

tr.oc1ty production,however, totteriss muat ntually he used for storaze.
3 subcetantial expense, ani also ‘oncumes n=rt of the anereyv,

ner maior orehlem, the high oot of abaut 10 U3D rer ranik watt
is more s-ricus, However, the ccits h:ve come Trwn drama*ically and
are rredicted to continue tc decrenze,

]

Fresently photavelt=ics are the most conveniert and econarical mesns

3
D+

¢

of producing elactricity for small, e.g., zero to szverz) hundred watt
applicat tons +ratl do not have ascess to =n eientrical di=tribation net-

werk., Thie is aspeczially true if “igh relizbility Ze needed and if
the Ins*tallation must furctinn with minimum, or nno, attenticn for
Fericods.  Small dinternzl camistion elentric gernerstors, slthough

cheaper to inctall inftially,requirs a siteadv fuel sapply, congtant
attentior and pericdiz cverhsuls (on renlzzement) and sre “eing re-

1

placed by rhetovoltai s far smail, renmote arrlications.

7 for remote communications sites
2s), and for lightine and radio power

Photoveltzics zre being ues 1

2

le in Lesnthe). Trey are bagirning
r

e

a

o
(radic and microwave repeater si
n

in remote dicpensaries (for examp
to be used fcr remnte medicsl ref irerators as components of vaccine
and medical ccld chains. Thay ar reniacing lkarosens fired refrizera-

tors in this annlicatisn, The re even ancut 100 pheotovelt
rumes in West Africa a* this time, Hovever, thneir price is «
at+ 1

,,
G
[—‘ “
+
»)
o

&
L
t

i
tigh to eccromically sompete with diesel rurps except for spall units
and snecial czszs. As the rrice of photeveltaic systems decrezses
they can be expacted to assume more functions and especially t- take
over m=any higher power applications, e.g., remote water numping at ten

cr nore kilowatts.
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The mest avrropriate apolications at present in Cape Verde zre remote,
low power, incta lations for illum mination, communicat- ong, and refriger-
ation. We did no* determine tha extent of this need aliliough we were
told that most orurzl dispersariec are in locations which have access

i

to electric jower and telerhones ard this may not Le a sirnificant need,
A second appropriate arplication is for small wataew rumps In locatinng
#ith poor wingd sieeds. 4 zreat deal of watep prnring ic needad <in +he
ribeirzs and theze are more I3 ' “

r1 | vses an ave

rage wind sre
is 7/10 o the averagze wind
finds that ander these condid
that plotovoltaic water Ly
e1 north-szstward ard wouls
coupled with eucectag rrice
wltn ¥ind water rumping in e

At present prices, photerel*taics are no competi
eme for generztion oF i
salinatior yplsz
or 2 USD per peak watt (for
fo compete with w

n 1
ever such yrice reductions nuve hesn pradictad (
rewvs and World Reyport, e S50 May 2, 19853 qany
gocd reason to belicys that price reduction to

Zecause it is precsently the test sclusion ror certain smal
applications, shows promize for certszin intermedizte sized eyplications,
anc would be un extremaly vigorous compe fler for lerge scale electri-
City procduction if the p“@dl ted price decreases crcur. it ie wise to
"keep the foot in the door" an< have a rhotovoltaie Frogram 1n the
couniry.

References:
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"o d.J.M. Beurs Lens, "Wind energy for water runping in Cape Verde"
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S.W.D., P.0. Bnx 85, Amersfcort, Thke Metherlands i251),
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clar porde:

Two aspects of solar energy have greatly inhibited its development as
a cirect source of energy for human use. It is weak and it is inter-
mittent. At best the earth's surface receives atout cne kilowatt of
solar arcrgy per cquare meter and this does ro* arrive at night or
iuring cloudy vpericis. Therefors, = e

arezz ani

ctorz must cover large
1sge Ilater., Large
: Tor example,
p.3te collectors, as used 7 o, cost uDOUt
quare mster wien installed. Heat storaze, =c hot
to 200 UZSD per tonne o water (cr 0.5 g 1.7 JS5D,'MJ
ature chansge of 07C).

for mcst

ces both of these ceccts. The sclsr vend collects
,ﬁergv for 2C to 70 USD per square meter 4ni this
‘age by one tonne cf water per sauare meter of vend
50°C t:mpersture change), Therefcre, = “OWar pond
can collect and store solar hezt, at temperatures up to 1007c, for
atout a tenth »f the cost of the convertional flat nlate ccllectcr

- water vefprv01r system (However. solar ponds w-ull not be possible
fer smaller ine l,t snt such as zolar hot water Fentern for single
wellings). This low cost ccllection and stersee canability is i+s
mailn stiractive F2ature.

Descririior of solar pond:

Wher an ordinary pond of water absorbs solar radiation the deeper water
as well as the surface water is heated. Heat iz lost guickly frem the
surface water %y evaporaticn, radizticn and conduction. The heat=d
deeper waters become less dense due to increasad temperature and rise

to the tco where they are cooled in the same way. Therefore, ths en-
tire pond remains at a temperatire near or zlightly below *he zir
temperature,

iy

The salt grodient sclar pond is 2 beody of water whose sa”t concertra-
tion increases with jerth The salt cerncertration gradient is main-
tained at a strerngth sufficient to maintnin a pesitive density sradient,
megsured downwards, even when the lower laysers of water are heated,

Phus solar enercy penetrating to the bottom ¢ leating tlre
water there is no't ccnvected upward. Since water is a reasonatly good
thermal insulator (K = 0.54% W/m "C) and cpzaue o infrared rai‘aticn,
the heat of the bottom water i: 1oz can store

W

+

4
t
o
[
e
O
=3
o)
o1
foy

t very slowly. The pernd ea
solar heat for many months. Its collecticn ef:lciegcy iz in th#~ rznge
15 - 25 % at practical O“E”dtlﬂ temperatures of 907C | 17, Maximum

a2t

terperatures above 1OO ‘C have teen

Trhe hez% can be removed by eithev an internal or external heat ex-
chagger. The heat can be used for any requivement for heat ut to
100°C or for driving a low temperature thermal engine to produce me-
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Table VII - 2.2 Performance and costs for_solar pond electrical power
generation systems as estimated by Tabor 1] and Burns & Roe REEE
adapted to current Cape Verdean conditions.

Ttem Tabor T Burns & Rce
Incident radiation (kWh/m2 year) 2000 " 2000
Area of pond (m¢) *,000. 500 ; €5,000
Heat produced (kWh/year) (a) 4 x 40 L 2.6 x 10
Electrical energy nr-duced (kWh/ n 6
year) (a) 3.2 x 10 2.08 x 10
Maximum power (kW) 5000 278
Cost per area (1ISD/m2) 23 . 31.53
Cost of pond (USH) 274,000,000 (b)) 2,05C,000 {.)
Cost of turtine, generator, 7
electrical (USD) 7,500,0C0 (4) 1,542,000 (&)
Lif2 of system (years) 20 - 20
Charge rate on capital (%) 10 10

Annual costs_igSD_zgar)

Cost of capital 3,583,000 . | 410,000
Cost of salt; 20 kg/m® year ‘ !

at 20 USD/tonne . Loo, 000 I 256,000
Operation and maintenance - 100,000 ; 30,070
Total annual costs’ U 4,083,070 Lee 000
Cost of heat (USD/MJ) 2.83 4,38
Cost of electricity (USD/kWh] 0.128 0.22¢L

(a) Poni efficiesncy is taken to be 20 %, electro-turbine efficierncy & 4.

(b) Using Tador's lined pond at 1% USD/m? and adding 10 USh/me for
salt. A

(c) Reducedi cost according to Hull [15] .
(d) Using Taoor's higher value, 1500 1'SD,/kW.

(e) Multiplying B&R's 1,012,000 USD by 275/193.

-
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5. Desalination and electrical power systems:

In this sectionwe use the experience gzined from operation of the Mindelo
desalination plant and from constructicn of the Palmeira (Sal Island) de-
salination-electricity production rlant to estimate costs of desalinzted
sea water. We also estimate the costs of desalinzted brackish water

from a small isclated deszlination plant. Freviously (Section IV) we

kad determined costs of desalinated water frecm a simple solar still.

[y

C

O

All of these estimaticns allow us to se= wnat plac reg
wind machines ar pends has in the domain of e io
electricity producticn. We recommsnd imrediate steps to intre
wind power and long term steps to introduce solar rouer via scla
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This subsection consists of parts (a) through (f).




(a) Estima‘tes of Cost of Desalinated Wat

YJndelo Desal;natlon Flant:

Many calculations of the costs of
have been done. Mozt or are
out-dated (and costs have increassd
Therefore, it is useful to 3o new cost
ations using operati

cdaeln

anal data from the

Assis Lopes of ELECTRA, Sao Vicente, accomypan
May 10, 1683, we d:scussed rlant operation

Engineer Sonia Nor31= who gave us information on fuel
production ani other operational information.

coal Almeida, Director of ZLEZTRA, ani Marnuel

tor of Administration and Finance. ELECTRA, in
among otrer things, the desalination rlant operatio
cial Zats concerning it. I will use tnis data,
not complete 2nough to do exhaustive cost
will have the useful
tilled sea watsr and

Lcurenco
visit on

allow us to make some zuesses of

Input data:

Dutch Contribution
Other (including boiler)
Total

Cost of plant:

Prﬁce of fuel o0il: 1982

1943

Consumption of fuel: 1982 (19 tonnes/d.y x 230 days)
Rated fuel consumption:

Production of water: 1982 (87-90 m”/hour x 230 days
x 24 hours)

Rated production:

Interest rate:

Predicted life of plant:

Current costs per tonne of water as given by
ELECIRA (May 19&2):

Investment

Fuel

Replacement parts

Salaries

Chemicals

Insurance

Total

purpose of gziving us some idea of

However,
cost of
future costs.

144,000,000 CVE
159,500,000 CVE
283,504.000 CVE

11,350
3,050

CVE//tonne
CVE/tonne

4,370 tonnes
20 tonnes/day

La6,800 tonnes
100 tonnes,’hour
3%

20 years

15.54
106, 1L
1.48
16.03
1.48
0.50

[1%1.17 CVE/tonne




Calculations of ccsts under various assumptions:

A. Capital cost (Dutch contribution only 144,000,000 CVE
Water production (1982) 496,800 tornes
Plant 1life 20 years
Interest rate 3 %

Annual payment (on 20 vear, 3 % lcan of
144 ,000,0G0) 9,279,062 CVE
Carital cost per tonne of water 19.42 CVE/tenne

This is not far from that cziven above in the "Irput Data" section. How-
ever, it seems reasonzsble *to use the full investment cost, a more real-
istic interes*t rate of 410 %, and a nlant life of 15 yezrs (the olid
Mindelo plant is no longer being used, except for one line a= a backup,
after only 10 years of uze and the plant at 3anta Maria on Szl island
is nearing the end of its useful 1i‘e after atout 10 years of opera-

tion).

R

B. Capital cost: 283,500,000 CVE
Water production (1G&2) 496,200 tonnes
Plant 1life 15 years
Interest rate 10 %

Arnual payment (on 15 years, 10 % loan of
253,50GC,000) 37,272.816 CVE
Capital cost per tonne of water 75.03 CVE/tonne

This is over 4 tim2s higher *han the figure used by ELECTRA ani is
probably about what a private company would have to charge.

2. Fuel costs:

Fuel used in 1932 (19 tonnes/day x 230 days) L,270 tonres
Cost (11,850 CVE/tcnne x 4370 tonnes) 51.784,500 CVE
Cost per tonne of water (4 L496,°00) 104,24 CVE/tonne

This is almost the same as th= fuel cost per tonne of water calculated
by ELECTRA ("Input Data' section). )

D. Cost of water in 197%2:

Capital cost (from B at 12 %, 15 year life) 75.03 CVE,tonne
Fuzl cost (from C) 104, 24
Replacement parts, salaries, chemicals, .

insurance (from "Input Data') 19.49

Tota’ cost per tonne of water at plant gate |19%.76 CVZ/tonne |

If one were to add 20 % for distribution losses
and costs, the trus cost to the customer would be [236.51 CVE,/tonne]

{4



E. Cost of water (ani electricity) in 1684:

currently there is 200 kw of electric power that is not used in the
plant and can be sold to the electric grid of Sao Vicente. It is plan-
ned to do this as soon as dome necessary regulating equipment is ins-
talled. We will assume that this can he done and that the plant will
operate at full capacity (200 ¥W and 100 tonnes of water per hour)

for 300 Jays (22 % on full capacity) during 1534, Assur-e & % infla-

Y .

tion on fu=l, < % on everything else, Aszupe erectricity can he solc
at tne ylznt gite For 10 CVE, “Wr,

Arnuel pavrent
Annual cost of
(20 tomres duy

Annuel coet of a
crhemiczals, and insursnce: 119,

- ” —~ . - .
72C,00C tornes water x 1.08 (- lation)| 14,874 768 CVE
Subto*al: 122,728,572 CVE
Sz2le of el:sctr-city: /200 ki x 2L hr,/day x
300 daye x 10 CVE/ %) -1L 400,000 CVE
Total cost of water 118,325 5972 CVE
Cost per tonne of water (+ 722,002 tonnes) 16l 27 C7% tonne
This ccet (at the plent rate and before distribution) is lower thun the
cost (D.) btecause ¢f Nigher assuned production (727,00C tonres of
water inczead of 496,300) and the sale of 2lectrical ernergy.

. let us huild, ag a privaze investmernt, a new 1
present wlent at NMincdelo, in 19°%4 and cormence ore
We will take the ¢ f the plant.tc ke the caost
inflated by £ 3% 1373

ant, simiirr to the
tZlon the same year,
o the preseat plzn
© Pur year from G50 tc 19%%,  Tris is a cost of building

the plent o 237,500,000 x (1.6)% = 358,000,000 TVE. Then 1et ue do

a caiculation of the pressent values of all costc and all bernefits., We
Foon use the 07 input valuss for this tenefit /2osd analyeis

which are baszed *5 a large extent on operating exverierce at Sac Vicernte.
All cozts are 9% cocste,

Cost o7 constructing plant: 258,000,000 CVE
LiTe of vlant: 15> years

Major overhaul szt year %9: (15 % of rlant value) 5L,007, 400 CVE

Salvage value at year 1€: (4 “% of plant value) 54,000,700 CVE

4]
o
—
D
i~

L+ b

20C kYW hday
LOC tonnes/duy
00 d=zye year
ternies/cay

Production ratss: ZXlectrie
Des

Time cn-line:

Fuel cil ceonsumption:

Reutine rerlacement parts, salaries, chericals,
insurance: 22,000,000 CVE/year

I\t T

(@]
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Fuel o0il price (1984): 4 14,000 CVE/tonre

General inflation rate: 6 %/year
Fuel price inflation rate: & %/year
Discount rate: 10 %/year

The precent values of the costs are:

Cost of constructing the plant 353,000,000 CVE
Fuel: [6000 tonnes/year x 14,000 CVE/tonne %
Replecement parts, salaries, etc:

[20,000,000" x PV_(20, 5, 10)*] 277,338,000
Major overhaul: gsu,ooo,ooo x P (8, 5, 10)*7] Lo, 151,50C
Salvage value: [55L,000,000 x P (16, 6, 10)*7T -29,%54 700
Total present value of costs over 20 years life: 2,038,996,00C CVE

We will choose the input values for calculation of tine presaent values
of the benefits to be:

Sale price of electrical energy in 1984 at plant

gate: 11 CVE/ki¥h

Sale price of desalinated water in 1984 at rlant

gate: 164,91 CVE/tonne
Price increase rates of el=ctrical energy and

water: 7 %/year

(A1l other rates as in cost calculation)
The present values of the benefits are:

Sale of electrical energy: [ 4800 kWh/day x 300

days x 11 CVE/kWh x PV (20, 7, 10)* | 23¢,9932,000 CvVE
Sale of water: | 2400 tonnes/day x 300 days

x 164.91 CVE/tonne x PV (22, 7, 1C)* | 1,799,003,000 CVE
Totals of present values of benefits: 2,038,296,000 CVE

Under all of the above assumpions ani with the given inputs one wculi
have to operate at nominal capacity for 300 days per year and sell
electrical energy and desalinated sea water by the following price
schedule :

Price of electrical energy at rlant gite 11 CVI/kWh in 1084
and increasing at 7 % per year.

Price of water at plant gate 165 CVE/torne,

and increasing at 7 % per year in 1384

®* PV (N, I, R) and P(N, I, R) are present value factors defined in
Appendix C.



Summary of desalination in Mindelo:

One can see that, under realistic choices of inflation and discount
b ]

rates, the price of desalinated sea wat
tonne before distribution, and it will

about 7 % psr year. Of course, a sensi
inflation and discount rates are changed
alsu observe that the predominate cost

fuel. It is nearly 70 % of the total so
the big unknown (we know its price toda
CVE's does not seem unreasonzble but it
much larger. Therefore, alternate ener
and solar energy shculd be considered.

er is at least 150 CVE per
probably have fo increase at
tivity analysis, in which the

y should be done. One sisuld

over the life of <he plant is

thet its inflation rate is really
y). An 8 % i:flation rate in
could be smaller and it could be
7Y sources such asz wind, ccal,



(b)Cpst of Desalinates Wa‘er Bas23d s5n Ziperience at the Palircing

Desalination Plant:

This plant has just begun to operate (early 1983) so that there
yet no operating experieuce, dowever, we kncwy the cost of the P
ant its basic design parumetsrs. The, are:

v

e
D
'3

Trnlete feoedwatepr

,000,000 USD

3

ost inclvding 1 MW of d
I

ieszel gensratars, -~
reatment system, res-rve

~
. s
aings: 7

kated vutput 560 :onne water, ‘day
1 MW electric power

If we assume that the slant runs at 3C % of capzcitv, thap 1% will Tro-

duce TIZ4 MWh of electricity and 271521) tonnzs of vater. If water pro-
. . -~ . N

duction requires 6 kWh of elastrical energy p tonne of water then the

rlant will hzve the following products for sal

For sale at 20 % plant capacity:
Electrical energy 6
Desalina‘ted water 2

We will assume a 20 year plant life and a 10 % interest rate, Although
lour Corporation [ 1| assumes that annual costs of operation, mainte-
nance and mem%rane—rgplacement are 1% % of plant cost for a sea water
RO plant we will assume them to be only 4 %. Fuel costs will be com-
puted on the basis of %.5 MWh of electricity produced for each tomune

of fuel consumed and fuel will cost 350 USD per ‘“onne.

Using these figures the annual costs are:

Cost of capital EW,OOO,OOO PV(20,0,0.1) 7|+ 822,500 USD
Cost of nperation, maintenance, and membrane

replacement (7,000,000 x 0.04) 289,000 USD
Cost of fusl (7294 x 350/4,5) 613,200 USD
Total annual costs 1,715,700 1JS8D
Total annual costs in CVE (at 70 CVE = 1 USD) 120,102,800 CVE

We will assume that elactricity can be sold at the plant gate for 9 CVE/
kWh** and that water will be priced at the plant gate so as to make
annual income ~gual annual costs. This gives

Sales of electricity (6,583, 59,247,000 CVE

Sales of water (216,810 x 281 90,553,002 CVE
Total annual sales 123,100,200 CVE

o

The sale price of water will have to be 281 CVE (4 USD) per tonne in
order to break even.

* See Appendix C for definition of tha present value factor PV(N,I,R).
** Sale price of electricity to private residences in Praia is 10.65
CVE/kWh.
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It will te higher than this if the rlant factor drops “alcw 90 %, if
the costs of operation, maintenance, chamicals ani membrane replacement
are higher than 4 % of plant capital costs and if dizsel fuel prices
rise above 350 USD/tcnne.

One can, of course, allocate the sales prices of water and electricity
differently. For example, if electricity w:re sold at 11 CVE/xWh, ther

the sale price of water could te .educed to 220 CVE/tonre. Compare this
/ I

to the plant gate sale price calculated for ths Mindelo Desaliration
Plant: 11 CVE/kWh for elactricity and 155 CVE/tonne for water.









of water would then be 3.64 U3D/m O+,

The addition of a windmill to supply one half of ths energy lowered the
water cost from 3.80 to 2.6% 1USD/m>. The fraction of energy assigned

to a windmill cannot be increased much more without decreasing the plant
factor or over-sizing the windmill. Both of these things increase the
cost of product water. In fact it is doubtful if a 70,000 USD windmill
can perform as we have zssumed here, namely, surply half th2 energy
whils m lant factor,

maintaining a 20 % p

These calculations suggest tha*t desalinated brackish water from a 109
mB/day RO plant will cost well over 3,00 USD/’m- and probably closer to
6.00 USD/m”. Using wind energy doesn't help much. In Tact, 1f diesel
fuel were free the cost of water would decrease only to *.00 USD/kWh
for this small isolated system.

Electrodialysis should also be considered since its energy consumption_
(and cost of water) may be slightly lower than RO | see ref. 1, Fig.S.QJ.
Furthermore start-up and intermittent operation are easier. This makes
it more suitable than RO for wind power which can be an unsteady power
source,

* To convert to CVE use 70 CVE = 1 USD.



(d) Full and partial utilization of renewatle and fuel-concuming energy
Systems:

It is important to recognize that renewable energy systems must be es
fully utilized as possible in order to produce the lowest cost energy.
Thisisin shavp contrast to fuel-consuming energy systems which can be
idle without too much of a penalty,

The reason a disgel generator can be idle with only a small penalty

and a wind elsctric génerator cannot is Lecause the major cost of run-
ning the diesel is the cost of the fuel while %he ma jor cost of running
a wind eliectric generator is the ccst of the investment. The Tormer
expense stops when the generator is idle; ths latter eirense continu=ss
during idle veriods. To prodiuce inexpensive electricity it is very
important that the wind Zenerator te fully used ard it 1is less important
that the dissel generator be fully used.

To illustrate this we will compare two systéms that produce equal amounts
of energy which we will choose to be 200,000 kWh per year. The first
will be a diesel seuerator whose cost is 700,000 CVE and whose srecific
fuel consumption is 0.220 liter/kWh. It will be a 46 kW unit operating
12 hours per day. Tne wind machine,sized to produce the required annual
energy at the chosen locatien, will cost 7,000,000 CVE. The cost of
fuel will be 27 CVE/1, the life of both systems 20 years, and the dic-
count rate 1C %. Operation and maintenance costs will be taken to be
much smaller than other costs and therefore neglected without seriously
affecting total costs. Furthermore, lower ntilization should result

in longer life, greater than 20 years, bu* this factor has also been
neglected since it is prabably small and would apply to both systems

and therefore not strongly affect comparative results.

The annual cash flows are

Diesel generator

Cost of capital: 700,000 x 0.1175 82,000 CVE
Cost of fuel: 200,000 x 0.230 x 21 1,176,000 CVE
Cost per kWh: 1,995,000/200,009 6.29 CVE/kWh

Wind generator

Cos® of capital: 7,000,000 x 0.1175 823,000 CVE
Cost per xWh: 823,000/200,000 L.11 CVE/kWh

When the systems are utilized fully (at the design capacity) the wind
generated electricity is less eéxpensive. If we were to utilize them at
b0 % of design capacity and produce 50,000 kWh/year of electricity the
costs per kWh would be 6.91 CVE/kWh for the diesel and 10.29 CVE/kWh
for the wind generator. The wind machine would be more expensive than
the diesel instead of less as at full capacity.



The general expression®for energy costs from a fueled system is

Cost of energy for fueled systems = fixed costs + iuel costs x f

whzre f 1is the fraction of utilization of design capacity. The
general expression for a non-fueled (renewable) system is

fixed costs
f

Cost of energy for renewable systems =

These two equations are shown on Figure VII-3.1 for the costs of the
dizsel and wind example above. Tha importance »f fully utilizing the
capacity of renewable energy systems is evident. For low percentage
utilization wind energy, and most renewable energies, become prohibit-
ively expensive while fueled =ystems are no= strongly penalized by

low utilization.

This same principle applies to any large capital investment, especially
for desalination plants which are quite expeasive. They must be used
as near to design capacity as possible. A reverse osmosis plant driven
by a renewable energy source that could only operate the plant 45 % of
ths time would probably not compete with a plant powered by diesel,
which could operate it at 90 % of design capacity, unless the renewable
energy were produced at a very low cost.

This militates against isolated, one-purpose, renewable gnergy systems.,
Both the consumer and the renewable energy system dictate plant shut-
down. For example, an isolated wind driven desalination plant for
irrigation would be limited to operation at perhaps 50 % of capacity
by irrigation demands and to 50 % by lack of wind. Th2 result is 25 %
utilization of the total plant. Compared to, say, operation at 75 % °
of design capacity for a diesel-driven integrated system, the isolated
renewaktle system is at a basic 3 to 1 disadvantage and product costs
could be about 3 times nigher.

If power demand coincided with wind speed the wind ma-hine could be
utilized at a hisgh percentage of design capacity and its ernergy would
te the cheapest. On the other hand if demand was poorly correlzted
with wind speed low utilization could occur arnd its energy could be
tne most expensive.

* Neglecting operation and maintenance costs and the effect of utiliza-
tion on lifetime of the system.
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(e)Renewable Energies for Desalinztion and Electricity:

We have seen that the costs of producing desalinated water are very
high and that, in addition high capital costs, fuel costs are a ma jor
contritutor fo these high costs, Furthermore, the fuel is imported,

must be vaid for in hard currency, and its vprice has heen steadily
increasing over the lact few vears (se2 Section V), Therefore, it
woulc be advisable to substitute local, reiswable eneregy sources for
pétroleum fuels. Tmvorts could be reduced, nard currencv saved. re-
lief from =scalsting oil prices chta‘ned, local indvstry and labtor
wWould Le suppuried, and Lhe cost oF the product, desalinated wa*=r
and electricity, csuld possible he stahilized,

We have also seen that it is important that expsnsive rerewable energ
or desalination systams be used as much as peseible, i.,e,. the pPPcent
utilizaticn or plant factor should be high. This is bhard to do in

e

isolated systems having cnly one product or one us
more gifficult when a Sﬂlar or wind energy system is part of th
since these énergy souvces are intermittent and, if there is n
storage, vractically juarantee that the evstem will function 1
fifty percent of the vime. It is much easier to utilize exvensiv
systems, or parts ol svstems. fully 1€ it dis a larzer multi-sour-e.
multi-user. multi-product system. This is why A system supnlying both
elfctrlc1tv and water to all of Sal island is preferred to a number of
sinall isola*ed svsterms that woulc supply water or ~lectricity to
smaller user groups. Tt could be feasible to use wind or solar onomd
EN=TgEy In such a sj‘! m even thougrn it misht not be feasible to use
them in a smaller-isolsted systeu.

The renewabhle en= rgies technologies that we have discussed which are
aprronriate for lerge desalinated water and electricity production are
wind machines and solar ponds. Photovoltaics, presently too exrensive.
shoulr enter the competition for large svstem arplications in the
future.

It has been shown earlier that wind energy may bte scmewhat Less ex-
pencsive tqan soler vpond energy. Because of the lack of onerational

experience with poncds their real costs are not well known. They coulc
furnish energy as cheanlv or more cheaply than wind. As explained
earlier in this ction solar ronds have a very attractive quality

which wind machines lack. They can furnish power to exactly 5at15 v
the demandi. Peal powers ten times the averseae pover are available,
This means that wnereas wind energy is generally thousht to ke able

to furnish ap to 20 % of the ensrgy for an electric vower sysztem. poni
pow=r can furnish 100 %. Inclusion of desaligation in & system mey

eocal
increase the possible wind fractinn somewhat.

m

* For Cape Verde. 1In a country with lower wind speeds, wind energy
would be more expensive.

H




(f)

(h)

In view of these considerations. and vrevious discussions of costs and
the technical vroperties of wind machines ard solar ponds, it appears
that preograms to integrate wind mactines and snlar ponds into electri-
city ani desalination systems in Cape Verde aWould be undertaken.

Summary of costs of desalinated water:

Varicus values have been calrulated in this renort for the cost nf de-

. 1 . L 2 :
salinzted water in Cape Verde. The resnlts in CVE/m? are summarized
below.

Lowest Erobable
Simple solar still (VI-2) 320 370
Mindelo desalination plant (VIT-3) 141 165
Palmeirs desalination plant (VII-3) 220 281
Small bracxish water RO plent (VII-3) 266 47

These costs reflect shipping and construction costs that sre much
higher then those in, for example, the United States. Qne can, of
course. choose leower discount rates (10 % is usuzlly used in this re-
oort) and calcul=te lower costs. There are alsc other chnices one can
meke to calculate lower costs but even with the meost optimistic and
unrealistic assumptions it doesn't seem poszsible to ~et below about
140 CVE/m3 (2 USD/m?). 1In thie respect it should be noted that the
cost of water from older desalination plants in Cape Verde hess been
estimated to cost well over 10 USD/m’ (700 CVE/m3).

References:

1. "The U.S.A.I.D. Desalination Marual", Urited States Agency for
International Development, Washington, DC 26523 11.S.A. (1980).
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4, Water pumping:

A number of calculations of the costs of rumped water in Cape Verde have
been made in past years. These have included pumping by mechanically
connected and electrically connected wind machines, diesel engines,
photoveltaic pumps, solar thermodynamic pumps and perhaps other tech-
nigues. Here we wish to make an up-dated ccmparison beiween three pro-
mising technigues - mechanically coupled wind, dissel and photovoltaic
pumps uncer similar conditions. The objective of +this cemparison is

to see rourhly under what coniitions each of these numns will Le cost
competitive in terms of the pumping cost per tcnne of water., 1In parti-
cular we woulc like to see to what level rhotovnltaic system orices
must fall in order for them to be cost crmpetitive,

3lake [1] compared diesel and wind water pumping in 127%-79., YHe con-
cluded that wind water oumping was cost ccmpetitive with diesel pumping
at average wind speeds abonve A.7 m’/s. However, he ccmpared a larger
diesel pump to a smaller wind pump (annual quantities pumped in the
ratio 9 to 1) which favors the lzrger pump. Furthermore, fuel prices
have doubled since 1978-79., Therefore one would expect this break-
even average wind speed to be lower and we will find in the following

analysis that it is indeed lower.

We will choose a location in which we would expect photovoltaic pumping
to first become cost-competitive. This would he in a sunny ribeira
where wind speeds are lower than on the achada's and ridres. We will
uze the basic analvsis of BeurskensLé]Rmthe diesel and wind pumps with
recent cost data from D.E.R. and scme changes introduced by the author.
The wnhotovoltaic pump input_data will be actual measured performance
data frecm Sudan and Mali | 3 | trenclated to the almost identical Cane
Verdean solar environment.

Photoveltaic pumping in a ribeira:

Currently photovoltaic pumps in the 1 kW veak nower range are being
installed in West Africa for about 30 USD/peak watt. Since sclar nanels
can be bought at the factory for about 10 USD ver peak watt one must
ascrihe about 20 USD mer peak watt to BOS (Rzlance of System) costs,
shirping. fees, etc. Measurements in Mali and Sudan show that at
least two tvpes of photoveltaic rumps, Guinsrd and ARCO. have overall
sun-to-pumped-water efficiencies of 2 to 3 % over a range of insola-
tion of =hout 5 to 8§ kWh/m2 day FBT. Literature from another manufzc-
turer, Solar Power-SOFRETES | 4 |. claims an overall efficiency nf 3 %
at an insolation of 5.4 kWh/Ea_day. They also state that the solar
cell area for 1 xW peak nower rating is 9.38 sguare meters. Thic in-
forma'ion allows us to calculate an annual water outout and its cost
in a Cape Verdean environment.

From Section III we can determine an average arnual insolziion at
Praia of 2070 kWh/m€ for the years 1961 through 1970 for example.
This and the information above allows nus to calculate the amount of
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water pumped a vertical height of 20 meters by a pump rated at 1500
watts reak

chcosing 2 % overall efficiency 10,690 m>
choosing 3 % overall efficiency 16,040 m

The 2 % value is probably more realistic since we suspect the measured
insolation values to be slightly high and because using the yearly
average insolation does not account for the lower system efficiency on
days of weak insolation | see Fig. 8, p. 6%, ref.37]. On the other

hand one would expect system efficiencies to incresse as more experience
is gained and svstems are optimized. Therefore the 3 % value may be
realistic for estimates of performance in the future.

The cost of photovoltaic pumped water over a vertical distance of 20
meters is, assuming a 20 year life and 10 % interest rate,

Arnual cost of capital (45,000 x 0.1175 x 70) 370,000 CVE
Annual maintenance anc operation cost 10,000 CVE
Operator guard 36,000 CVE
Total annual cost 416,000 cVE
Cost of pumping water 20 meters (416,000/

16.,000) 126.0 CVE/m3l

As usual the conversion rate used is 70 CVE = 1 USD. This calculation
can be repeated for sSystem costsof 20, 10, 5,and 3 USD per peak watt to
get the following.cost table,

Price of installed system per peak watt Cost of pumped water
30 USD/peak watt 26.00 CVE/m?
20 " 18.29
10 " ' 10.58 "
5 1" 673 "
3 " 5."9 1"

Tf we choose the lower vounc of the overall efficiency range these
values would all be multiplied by 3/2. However, in light of the very
elementary stage of development of photcvoltaic pumps one must exvect
efficiencies to increase rapidly as solar cells hecome more efficient
and better cell to pump matching is attained. Therefore the "3 gn
table ahove should be quite realistic if not conservative.

Reservoir costs are not included. Ifwe use Beurskens annual costs fo»
water storage which are 2.09 CVE/m3 for two days of storage then the
cost of pumped water will be



Cost of pumped

Price of installed system per peak watt water with storage
30 USD/peak watt 28.09 CVE/m3
20 " 20.38
10 " 12.67
5 " 8.82 n
3 ] 7.28 o

Commercial windmill rumping in a riheira:

Beurskens | 2 |, p.E-4 has given a cost analysis of a 3.5 meter windmill
pumping water in a ribeira. The mean wind speed was taken to L,7

m/s. This work wac done in 1981 an3d is in need of up-dating which we
shall do using the latest information on costs communicated by Niko
Pieterse of D,E.R.

In adiition to the latest cost informatior we shall assume a lifetime
cf 20 years instead of 30 years, as Beurckenc assuiied, since the latier
appears to us to be toc high n view of past records ¢ windmills in
West Africa especially in 3 marine environmert, There are tadly rustegd
relics of steel windmills in Cape Verde to testify to this. The sosts
o7 a Dempster 12' (3.65 m) windmill as given by Pietarse are:

Installed cost including purchase, shipping
piring and labor: 327,515 CVE
Annual cost of installed system for interest

rate of 10 % and 20 yr/iife: 38,483 CVE
laintenance 12,257 n
Repairs 3,954 n
Operator guard 36,00¢ ¢
Total annnual cost 29,894 CVE

Beursxens gives anrual water production cver a 20 meter read as
16,000 m”. Ther:fore the cost of pumped water is:

Coxt of pumped water l5.62 CVE/mJ
This does net include reserveir cests. ~f we us:s Beursken's annual

o
cest for storags of 2.09 CVE/m? thisz becomes

Cost of pumped water with storage |7-71 CVE,/m>

Recent "snapshot" measurecme=“s of the pumped water production of six
Derptster 8' (2.54 n) windmiils by D.E.R. indicates that the annual
quantity pumped by a 12! Dewpster may be considerably less than 16,000m3
The average, converted from 8! to 42! by the factor (12/8)2, was about
10,000 m3/year. Furthermore some of these windmills werz on pleteaux
where wind speeds are greater than in ribeiras. Since these are Vvery
preiiminary measurements they cannot b2 used with confidence. However



they indicate that ‘he ccst per cubic meter of water coul:s te 1.£ times

more than calculated zbcve or 10.3%1 CVE /m> {allowing for less storage),

Cieszel pnumning in a ribeira:

culated the cost of 4izsel rowered wa‘er pumping
s a of 1ving 15,700 13 of water
31 CVE/m”> We will uriste hi:
et

P A - .

M T Qer year or
-
1

i

a s 1
in =2 ribeira. Jde find
znnually over & 2 t
ccst lata freom 1381
(1.06)3= 1.791., However, in keeping wi*h curre
lifetime in VWest Africa we will take the Jiesel
1 of : i

{r

L
5 years incstes: 10 years. TFuel cosis will bhe 24 CVE/l for car:
1984 (about the curren’ price). We have alis added an cperator-guari
at 3. ”CC CVE per yesr, With thesc c¢hangas 3zurzken's cocot tahle o
paze H-8 Lrnf 2 | becomes
Investnents 166,742 CVE
Instazllation 14,8838
Iuter°s" 10
Service life: £ years
Annual carital costs .~ T T~ Tt T TT o= Lolgan™ T T 7
Maintenance per year 17,865
Cperator-guard 35,000 "
Fuel cests at 27 CVE/L 18,396 "
Total annual costs 120,175 CVE
Cost of pumped water (120,175/16,000) 7.51 CVE/m3
Thile d2es not include the cost of a reservoir but ‘or a diesel syswen

a ve“j small reservoir (or none) may szuffiice.

Summary cf water pumping costs:

The foregoing analyses yields costs of water pumping in a ribeira as
followe,

Parameters:

16,0720 m- of water pumped annual’y to a head of 20 meters
Insclaticn: 2270 kWh/m2 year

Average winc speei: !',7 m/s

Frice of diesel fuel: 21 CYE/1

Co=ts of pumped water:

Dies2l (no stsrags) 7.5 CVE/m3
Wind (2 day storage) 7.7 CVE/m3
Photovoltaic (2 day stecrage) 28 .09CVE/m7

If photovoltaic systems costs decrease as predicted *he costs will be,
including 2 day storage:



. at 33 USD/peak watt 28 . ACVE/m”

. at 20 USD/peak watt 20.8¢CVE/m2

. at 10 USD/peak watt 12,67 0

. "5 1 & .8 n

] L 1" 7. 28 n
We see that in a ribeira at this wind speed and volume rer day that
wind and diesel are about egually costly and protoveltaic is *.5 times
more expensive. The cost of photovolteic systems will have to fall
below 10 USD/peak watt to compete with wind and diesel in this size
rarce, wind, and insolation regime, and at present iiessel fuel costs.

We see that systems this small carnot afford s full-i_uwe aperstor-
guardian and that water storage costs are toon hign,

Thiz analysis does not show us what hapwens for variations in somc oY
th2 parameters but from other analvses we can neint out the following.
(a) As pump sizes become smaller and water volumc lsocreases photo-
voltaics become relatively more cost-effective.

(b) As diesel fuel becomes more expensive diesel vumping becomes re-
lativemente less cost-competitive.

(c) As average wind speeds decrease from 4.7 m/s wind pumring raridly
becomes too expensive. Conversely it rapidly tecomes the most cost-
e’fective as wind speeds incresse. In particular, zince the averace
wind speed of 4.7 m/s was postulated for winiward directed rilieiras
one wouls expect lower average winhd =speeds in many ribeiras not oriented
in thie directien. In such localious wind puaping would be less cost-

effective than diesel and perhaps even than phrotovoltaic puros st their

current high cost.

References:

cve Blake, '"Wind Enerey Resources in the Cajy
1, Box 93-A, Oskzloonsa, Kansas 6065, USA (1

2. H.J.M. Beurskens, "Wind energy for water pumping in Cape Verde',
S.W.D., P.0. Box 25, Amersfoort. The Heth2rlands (1981).

5. "Small-scale solar powered irrigatior pumping systems, Phase I,
Project Feport', Sir William Helcrow and Partners and I.T.D.G., Londcn.
(1531).

3. Jacques Eilard, Solar Power Coruoration, Cedcx 21 -
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Windmill system

Windmill purchase: 1500 USD x 70 CVE/USD 105,000 CVE
B 1.07.197
Batteries: 52,500 |1 + (1'10) 92,000 CVE
Lebor: 100 =L y p0 SVE 2.000 CVE
year r _—
Present value of all costs: 189,000 CVE
Average cost ol energy: 199,000/10,220 13.5 CVE/kWh

Trese calculations will be repeated with fuel infletion rates of 5 %
and 7 % above general inflstion and for a photoveltaic svystem cost of
70 and 5 TUSD per rpeak watt, Battery costs remain the same. Assemblirg
2]l of these resultes we have:

§_:tem Coct of electricity
Gasoline: 3 % fuel inflation rate 34,2 CVE/xWh

1" . 5 % 1" 5'7 1 "

n . 7 % " 296 "
Plntovcltaic: 20 USD/peak watt 57.0 "

" : 10 USD/reak watt 33,1 "

" : 5 USD/peak watt 21.1 "
Winrdmill: 19.5 "

The windmill is the most attractive finsncially (However, it may not
Le in ribeiras or vallevs that do rot flow north-eastward to the sea).
This is not generally frue in trorical raecions between about +20 and
-20 degrees of latitude. Except for some islands, coastal regions

and elevated areas winds are generally ftoo weak and photcvonltaic or
gasoline (or diesel) systems are more cost effective,

(0]

For very smzll systems (one or two 35 watt photovoltaic mnanels) th
vhotovoltaic systems are frecuently favared because competitive sys
are either not available or have cther disadvantages. Table VII-6.1
lists snome properties. A systam mav be chosen for reasons other than
cost ner kWh cf electricit: preoduced.

We have not z2nalvzed the nrobability of being without nower hecause
of extended neriods of calm nr cloudiness. A wind or photovcltaic
generator which would not precduce power [or a wedical refrigerator
for extended periods wculs protably not be acceptable, It should be
noted that fuel suwply nrotlems also can occur in remote areas and

wind or solar may he less subject to interruption.
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Table VII-A.1.
remote areas.

Some properties of three small electric energy producing

cystems for

Property

|

I itialiNeed for

Lifetime

nel for{taost

mainte-~| o7

Reliability

Cost of producing

!
rrice ;batterles nance &| fuel electricity
: opera-
System ; tion
|
Small photovoltaic very lves long very 0 very high Except “or very
génerators high ! low small system: cost
’ ! i+ highest. Predic-
; ted large cost de-
i. sreases.
|
Small wind high Eyes Joag Tow 0 high iL,east exvensjve
renerators in gcod wind
‘ regimes,
Small guaseline or low ,yes, for short high high|lrw for re- Intermediate cost,

diesel drjven
generators

! small loads
;wjfh conti-
‘nuous on-off
?demand char-
acteristices

mote re-
Tions &
small nnit s

not availahle or
competitive for very
small units. Sens-
itive to fuel price
inflation.




6, Improved stoves ang cooking methods:

ithough we know of no through study of the subject, it is generally
perceived that fuel for ccoking is scarce and expensive and that collec-
tion of wood, brush, and agricultural residues is contributing t< land
degradation. If fuel is collected much labor and time must be expended.
If it is purchased the expense constitutes a significant part of the

cozt of a meal,

During a visit in July, a household in Riveira de Santa Cruz revorted
that it took 1 1/2 to 2 hours to collect wood for 3 days and that a
bundle of wood (appeared to be 30 cm long by 30 c¢m in diameter) cost
140 CVE ir purchased.** 4 second "ousochold in the same ribeira reported
that fuel collection tnok ore half day every three days. This houaze-
hold also used kerosene for cooking. A meal of cachupa for this five=
peérson family cost:

for kerosene 1 liter 25 CVE
" beans 1/2 n 35
" corn 1 " 12 "
1" o0il _ 20 "

Total cost 102 CVE

The fuel comprises one fourth of the cost of ths meal.

A family in Ribeira dos Saltos reported that 2 to 3 children spent 2
to 8 hours per day gathering fuel. They reported that a bundle of wood
cost 100 to 200 CVE and that one bundle cooks one pot of cachupa.

The fuels were varied: cassava wood, acacia, coconut, thorny brush of
varlous kinds, and much of this included roots. For these fuels the
three-stone cooking method was used.

Obviously such a brief survey 1s suggestive only. The sample size is
too small and the reported figures vary widely. However, in agreement
with other people who have looked at the cooking fuel situation in
Cape Verde [1,§Aweconc1ude that obtaining cooking fuels is both ex-
peénsive and time consuming, Furthermore, leaving organic matter, es-
pecially roots, on the land would assist in prevent erosion and add
needed organic matter to the soil.

" This will be taken to include distillation for production of grog.

)

** The purchased wood must be higher suality and the gathered fuel

lower guality since three days of fuelwood is several bundles, and 1 1/2
to 5 hours to collect fuel worth several times 140 CVE would imply an
income from wood gathering many times higher than normal daily wages
(70-80 CVE),



To alleviate thes situation one could (1) use substitute fuels (2) plant
trees to increase the supply of fuel and (3)° increase the efficiency
of the cooking process. The government is already carrying out a
program of substitution by making kerosene available and by subsidiz-
ing bottled gas. There are also programs for use of biogas as a subs-

titute fuel, and coal would be less expensive and not as

. / . . .
subject to price increases as petrcieum. The government is alsc carr)-
ing out extensive tree plancing. However, there is no activity directed

tcward improving the efficiency of ccoking and it is there that we
propose activity.

The principal apprcach that has been used for increasing cocking effi-
ciency has been the design, construction, testing and diffusion of more
efficient cooking stoves. There are at l=sast two tyres that merit
attention in the Cape Verdean context. The first is the lcw-mass fired-
clay stove being developed at Oungajougou! 37| . Excellent effﬁ,lencu
improvements have been obtained in laboratory tests. Compared to the
traditional three stons method which can be “-15 % ficient these

ci
ther things being

ef
stoves have efficiencies around 35 %. Therefore, all o
n quantity of fuel,

egqual, one can cool 2 to 4 times as much with a give
They,are light, portable, durable and inexpensive.

A second.. type deserving attenticn iz the massive chimneyless stene stove
that is being developed in Lesotho 47]. Although it _will probably be
less efficient than the low-mass fi;ea—clay stove | 5 | it hzs the ad-
vantage that it can be constructed from readily available material by
technigues which are familiar to Cape Verdeans.

Other tecuniques for decreasing fuel consumption besides improved cstoves
are availzble. Two that deserve attention are pressure cooxers and in-
solated boxes or 'hay boxes". BRecause temperatures in a pressure cooker
ar- higher (above 100°C) feood cooks more rapidly and the fire need not
be maintained as long. However, they are expensive, must presently be
imported, and peopls generally don't know how to use them (and pertaps
don't trust them).

The second item is simply an insulated container in which a hot pot con-

taining cooking food can be placed. It is well enough in=ul'ted to
keep the rot and its ccntents at ccoking tes perctLT“Q far ypertaps /2
Wour., Tret me:rs 7/2 hour of ccoking with ro fuel (onkumb,Acn. Fer

. [P . .
exarigle rice -ante:brought to 10C°C in about 10 minutes then rut 1intc
the "hay bex" ic complete its cooking while the fire is wced to prepare

a zauce. This requires one fire instead of two.

We have not seriously cornsidered sclar cockers becauze of various rrec

lems thrat appsrently have not yet been sclved. Tre preclems are combina-
tions of cost, amcunt of attention required, stability, life of cooker

* E“ficiency is defined in terms of specific test prccedures.
See ref. % for reference tc stove testing procedur2s.



time at wiich cocking must te done, impreper temperature. It doezn't

seem that all of these prublems hzve been
solved for a specific solar cooker. A recent experience in Lesotlo
illustrates this.

Forty five bex type :olar zcok
families in Lesobeng, a 11
At the end of a vear + hey W
five were jur FaSca. Arvaran
difficultizs remain unsolve

s were distrituted to all of the
s€ in the mountaines of central Iescthe.
€ giver *the ortion to buy ther. Ornlv
t -

1y trere is some hope thare but Tany

We recommend initiation c¢f s urogram to develcp and intrcduce stove
and cocring methods cof higher efficiency., A proro*nl model for such

a prcgrarm is presented in Zprendix E.

1§
&
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7. Irrigation with desalinated water:

It has been suggested that desalinated water could te used to irrigate
crops. Sfince the ccst of desalinated water would he 150 CVE per cubic
meter or higher the crops wculd hzve to be of very high value and of
very high productivity per unit of land zrea. MNore precisely, the
vslue c¢f “he :rep per unit of water used would have to te high.

Productivities and values of ccrmonly grown crogps in Cape Verde are
g=ven in Table (VII-7.1) [ 7.1 . The last zclumn gives %he income war
bectare paid to the farmer in 1574-77. The highest vzlues per hectzre
are thnosge for squash and *omatoss, 521,00C and 671,000 CVE/hectars

4

A
respactively. If one assumszs that esch of “hese ercps raquires 0.70
meter of irrigation wster* the cost of desalinated irrigatior water
vculd be 1,050,220 CVE

rer recture. Since the irrigzation wztsr cos*s
considersnly mors thaen tle crop is worth it #xould rct ve feasible pe)
irtigate with dezalina®ed water under these conditons.
Reports of recent crop yields from Ribeirs dos Flamengos | 2] are

listed ir Table IV-7.2. The prices are thcse received by <he farmer

("farm gate prices"). Comparing to ©976-77 (Table YII-7.1) one sees
X E
taat the value/hecture of irrigated crops has not chsngel appreciably
from 1676 and the cost of deszlinated water for irrigation would
still be egual to or greater thar the value of the crop. The porato
4 5 .

o]
t 7

crop arpears to te tha mos! premising since three Cromps nper year can
ve grown with a water expenditure of perhaps ©.50 meter per crep or
an irrigation water cecst of 750,00C CVE. This crep is worth slightly

more than the cost of the irrigation water.

* Ref, 7.1 assunes 1.5 meters of irrigation water annually. Sguash
and tcmatoes would use about half of this during a six-month produc-

tion cycle.



Tuble VII-7.1. VYields, prices and values, in CVE, of irrigated crops
in Cape Verde., Datz are for 1976-1977. From Freeman. et al., | 7.1].

. h Yield ; Valuj/ha
rea Share Production Price {CVE/hza
Crop [ na) (%) (fz§ne/ (tonne) (tonne) in

- 1000 <)
Sugar cane-] 1,065.0 | 57.5 [44.2 U 510.0 - -
Aguarderte | - - - 1, 704,00C.0 5.201 2L9.5
Binanas 162.0 2.7 [k2.¢C 6,924, ¢ 212,431 267.7
Cagsava (z) 225.0 12.71 |25.0 5,625.0 443,90 210.L
Sweet potato 225.0 - 75.0 *,375.0 257,84 137.0
Potato 132.0 7.1 {17.8 2,351.0 “74, 66| 252.6
Carrots 12.% 0.7 |%3.0 159,73 £71.37| 2A0.7
Peppers b, 1 2.2 [45.0 (4.5 Ly, L7 201.2
Tomato 16.0 0.9 [20.0 220.0 84,56 500.8
Cauliflower 2.9 0.2 [10.0 3¢.C [{b)k02.821 120.8
Cabbage 20.5 1.1 {10.0 (¢) 205.0 402.32] 120.¢
Lea’ cabhage 1.5 0.3 | 6.C (¢) 2.0 202.14| sSb.b
Onions 31,5 1.7 [12.0 378.C 557.09] 193.3
Melones 7.9 0. | 2,0 71,1 - -
Watermelon 1.0 c.8 |40.0 547, 0 -
3gquash i5.5 0.8 |50.0 775.0 Lb7.47) 671.2
Garlic 21.3 1.2 | 2.0 6.9 2,524 .67 297.2

(a) Cassava and bananas are grown in association

(n) Cauliflower price assumed to be the same as cabbage becauze of
lack of price data on cauliflower

(c) Esztimatied by “eam agrcnomist

{1) Values were givern in ref. 7.1 in JSD., The conversion hack
CVE was made at the approximste exchange rate for 1976-1977 of °
ZVE per USD.

H ot
o

Table VII-7.2. Recent crop yielils and farm gate prices in Ribeira
dcs Flamenges, Santiago (1982-1933). For cne cror. From Redolfe [M7 27,

. tonnes CVE. CVE

c 14 (=== J A &l zvs

vrop field (hectare) Price ( kg )| Saies (hectare)
Tomatoes 20 30 500.000
Squacsh 20 25 750,000
Potatoes ' 23 ' Lo 860,020

) )
U~



What about high value export c=rops? Could tiaey be eccnomically irrig-
ated with desalinated water ? Sirawberries from Israel and the U.ES,
were sold in London for $2.30 to $6.60 USD per kilogram in March, 1983
l 7. 3[ Other produce prices on the London market rangsd frem 0.50 to
2.00 T USD per kilogram. Air freight costs for produce and fruit are
atout (.75 USD per kilczram from Senegal zna Mali 7.27] and would
rroebably be similar frem Cape Verde. B N

Zet us ccnsider wa*e

from Senegal and the in Cq;e Vcrue They sold Tor

1.23 USD per kg in London in March 7.3!. Procducltivity on irrigated

lznd in Cape Verde is -0 tonne/hectare. VWatesr costs would be, st

0.60 meters of water per crcp, 22.5 CVE/kg or 0.32 USD/kg. After air

freight costs of J.75 U3D/kg one would te left with 0,26 1 U3D/xg for
o*her producticn and nales zosts.

n
e

With irrigation water of such high cost it wculd pay tc use more
fficiernt irrigation methosds such as Jrip irrigstion. This i3z al-

e practised in Cape Veride (Sta*e Farm at Santa Cruz, fantiego, for
e). Even rovered growing zreas (greenhcuses) designed to reduce
iration may be edviseble,

M
<
)
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With .espect tc export crops one chould keep in mind that growers who
service tne lerge central markets in Burope, for example, are in com-
petition with each other. A prower from Senegal who irrigstes water-
elors with water costing 0.70 USD per tonne wculd have a decided
Adv9nta5_ DVer ore iﬁ Cape Verde whe lrrigated with water costin
2.15 USD per tonne {150 CVE/tonre). The Senegalese grower c-uld sell
in Londcn at C.30 USD per kilogrem less than the Cape Verdean grower”®
T'nder such a competitive disadvantage it would pfcbably he unwise to
jnvest in an agricultural project using desalineted irrigavion water.
mmarize, the use of deszlincted water to irrigatle i1o¢sz not
ar to be ccst-effrctive for either internal cor export crops. Bx-
certione to thie may .2 Tound for specific :rops and special market
conditicne which have not heen ilentified here. It 1s important,

[

)4

however, that one doms not make the assumptior *=~' 7 -._lnatea water
will “ecome in=xpensive. We found no evidence earlier that desulin-
ated water can be produced for less *han about 15C CVE/tonne in Cape
Verde.

* Using the figures used earlier: 4C tonnes yield per hectare, 150
CVE/tonne water, 0.60 meters of water per crop, exchange rate of
70 CVE =1 USD.

A\
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Note added: The desalinator must be sized to produce the maximum
water requirement for a crop. In the soutawestern United States, for
example, corn and potatoes both require 100 tcnnes of water per day
per hectare during their maximum period of water requirement E7.4] .
Since the water requirement las*s about two months one could irrigate
8ix hectares in rotation o< one crop per year for each hectare with a
100 tonne/day desalinator. Tris would reguire six hectares each
producing one crop per year.

References:

7.1. Freemang P.H., et al, Cape Verde Assessmert of the Agricultural
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C 7ok "Consumptive use of water hy major crops in the southwestern
United States", United States Lepartment of Agricul*ure, Conservation
Research Report number 29, Washington, DC 2025C, USA.



VIII.
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PROJECT RECOMMENDATIONS

By choosing favorable combinations of energy needs, energy resources
and energy technologies we have identified some »nromising areas for
development. They are:

In this

Desalinat2d water - electrical power prcduction systems powered
by combinations of petrcleum sources, wind machines and solar
ponds,

Morec efficient cooking methods and devices,

Isolated rural electrical nower for small water pumping, re-
frigeration, lighting, communications.

section we recommend some development pregrsms based on this

selection. They are programs recommended for immediate implementation
and long range implementation.

The programs for immediate implementation are:
. Planning for and design of desalination-electricity production

system using a combination of petroleum, wind and salt (gredient
solar ponds. This includes planning for a rejuvenated salt

production industry.

Construction and operatinn of a soler pond for developing an
in-country capabtility. .

Development and diffusion of more efficient cooking methods
and equipment.

"The programs for long-range implementation are:

Fetablishmen® of an insnlestion measurement program,
Developmert of a capability in. photevolteic power generation,
Construction of a solar pond of approximately 65,000 sguare’
meters to furnish power to the Sal Islard desalination-
electricity generation system,

il

S



1. Solar pond develggment:

Solar poni development and employment should proceed in two phases.
Phase T would be a development phase in which Cape Verdean personnel
would gzain experience in solar pond construction and operation. In
this phase a 200 square meter pond would be constructed at Praia,
Salt from Cape Verdean salt evaporation ponds would be used. Tre
vlastic liner, piping, pumps, ins*rumentation and other nececss
tools znd eguirment would be purchased abroad for the 7ozt Dar

A measurement rvrozram would he carried out to deternmi jole) o)
havior under local conditions of temperature, insnlation, wind, an
atmospheric conditions. This would incluie mezsurament of the tam-
eratures and salinity profiles. After reaching nperating temperatu
neat would be extracted and efficiency measurements performed, This

eration could utilize the heat exchangers of the SOTRETES solar pu
chada Sac Filipe.

~

®
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gained by utiliz-
nd »ump from Achada

ience in generation of meshanical powsr would b
h2 S0FRETES motor, heat exchangers, condenser a
1lipe. Cooling water for the condenser would se needed at a rate
t

O wmy
bt

+
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¢ 2C cubic meters per day and water to make 4p for evaporation
would be nz2eded a*t an average rate of 1 to 2 cubic meters per Zay so
that a location near the nscean (sea water is adequate for both of these
requirements) would be advisable.

O (n H- 3
b 3
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Phase II would be installation of a larger solar pond of approximately
the size (05,000 2%) analyzes Oy Burns & Roe {see section VII-2). Tt
would produce eleztrical powzr for either an elsztrical system or a
combined electrical-desalination system. The three likely locations
are Mindelo, Praia and Palmeira on Sal island.

In Appendixz D, a model Phase I project is outlined. It would
last three years ani require donor funiing of 128,000 USD and Cape
Verdean funding of 3,300,000 CVE. A 200 square meter pond wculd be
constructed and operated.

The utilization of solar ponds for electricity and desalinated water
production (phase II projects) is discussed in Section VII-3,



2. Scolar nond and wind supplemented desalinstion and electricity
production:

The discussiong of Sections IV, V. VT and VII stronely suggest that
work be initiated which will in*troduce energy from wind machines arnd
solar ronds into electricity and des=alinated water prolucticon systems.
Thie should start with engineering studies for increasing the canacity
0f the 83l Islazni and Szo Vicente el lectricity-uccalinatisn avztems,

5

Tt zroull he foli-wed by Imrlementation which Yss 3 strarns tecrnicsl

3nd co&t ierformsnce mezsurement comronent.

The Fraia and other energy ovstems will prebohly exvrand apd incorror=te
desalination into their system=., As this occurs wind =ani solzr rands i
should Le wutilized to tae fulle=t externt. )

The measursment proegrams on tne first systems. as well a= the develcp-
mert worx carried out by I.N.T.T., will assist the rroper intreduction
of wind =nc¢ sclar pond energy inte desalination and electricity nro-
duction,

4 tendencv to empnasize wind m=chines in Cane Verde, because nf its

almost unicuely strong wind regime for a low-l=atitude country, arrears

to work againsgt d2velopment of solar electric prwer sources. Tuis i
should Le avoided, Wipd machines can only surrly a frzctien of “he ‘
energy needed (usually stated to be 20 % of an electricel syrieu's '
capucity) ™ Solar ronds on the other hand can surply 100 % and zlso

develop a sizeatbtle local construction ani salt production industrvy.

though a wind water-vumpins inductry can be developed in Cave Yerde,
it is likely that 50-100 KW wind electric machines will continue to
he entirely imported.

x>
[}

Trerefore. engineering studies aimed at intrcducing Jocal, rencwable
energies inte the electricity-desaliuation systems of Cape Verde
arould incliude sclar vonds and, eventuallv. photovnltaics,
-y
Since solar ponds will be a major censumer of salt , planni- . 72 2 re-

invigorated and enlarged salt production irndustry in Cape Verde should
be done ccncurrently.

* Zowever, becausze of the wind speed dictribution in Caype Verde it msy
te higher than Z27% , Furtrermore, 1t should be higher for ocrmblren ie-
gsalinztizsn-elec*ricity nroductisn svstems since the desgzlinzfti~n can
to a larse ex*ent fill in the "“demard valleve" thar zre charactericstic
cf city electrissl pruer Aemznd.

* If salt ponds furnished half the power for the Sao Vicente, Szl, and
Praia electricity-des=lination systems construction and operation of
the ponds over a period of 20 years would consume 2 to 4 million tonnes

of salt annually.
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4. Insolation Measurement Program:

Existing measurements of insolation in Cape Verde were reviewed and
analyzed in Section TIIJ. Most of the measurements were done with

a Robtizsh Actinograph of basic accuracy - 10 %, or worse if not re-
gularly calibrated. A few recent measurements using better instru-
mints showed much lower values of insolation. Therefore, we are still

guite uncertain of the tru= insolation in Cape Verde. Furthermore,
only the global (direct plus diffuse) insolation was measured and ex..
tensive measurements exist only for Mindelo and Praia. Since design

and development of solar énergy systems requires good knoledge of in-
solation a soliAj program of insolation measurement for Cape Verde is
indicated*.

The rneasurements should be:

a. Measurements of global and diffuse insolation at ten minute, or

at most hourly, intervals using accurate pyranometers and electronic
readout and recording. Sunshine duration, using ths Campbell-Stokes
solarimeter, should be carried out €imultaneously in order to derive
empirical relations between insolation and sunshine duration. Regular
calibration and maintenance of the equipment is imperative,

b. These measurements should be done on several islands and in several
types of weather zones.

¢. A central data reduztion and storage facility must be set up to
receive, reduce and make available in reports or computer format, the
results of the measurements,

d. Analysis of the results in terms of weather parameters should be
carried out. Relations between sunshine duration and insolation should
be derived for use at locations which have only a Campbell-Stokes
soldrimeter. Studies of the relation of the 4iffuse component of in-
solation to the atmospheric radiation Scattering properties (dust or
water vapor) should be made.

8



2. Photovoltaic development:

Phiotovoltaic systems are already attractive for small remote applica-
ticns and show promise for larger epplications. If predicted priced
reducticns occur they will teccme competitive for very lerge aprlira-
tions. Since this is a good possibility it would seem advisavle +o

develor a proteovoltasic cepability in the country., This should begin
Wwith an emrvhasis on small remote systems of 25.500 watts reak that
rrovide medicsal refrizeration, lignting, caommunications, and in sene

=S
cases water pumping,

The procram would consist ¢f iwo parts. The first weulc be nurchase
I3 i 15 2

of off-the-shelf Systems from manufacturers.insfal7inp them in rural

areas and monitoring their rerformznce. A mciel o egok system might
also be tested in the latoratoryv, The "rural e

areszs should te rezson-
erformence ceculs he carried
+

ably close to Praia so that monitoring
? ems that could be

out easily on a regular basis. Off-ln
bought are (1) photovoltaic refrizerators 1 use which satisfy
the specifications of the Genter for Dies . Atlanta, GA. USA
and the Worla Health Organiratinn, (2) self contained Thotoveltaic
elecirical systems with panels, controls, batteries ani liigh efficiency
loads (lights, refrigerators, etc.). Scopge supplisrs ar= ARCO Selar,
Selarev, 3o0lar Dewer and Solavolt,

® O
"‘)

(€01

The second part would attempt to censtruct systems from components
using local materials and skills where possible, 3esides the obvious
advantage of limiting imports one gouls nessibly reduce the so-called
Balance of Systems Costs (R0S Costs) whick currently are 3 more costly
part of phetovoltaic systems than the photovoltaic parels themselves.
For exampie, panels may cost 10 7SD per peak watt but the system may
cost 25 USD per peak watt. Local design., mzterials, ard labor could
reduce these, the largest pars of the cust of the syvstem,

-~



IX. ACRONIMS:

Centro de Documentagao Té&cnica e Cientifica, Praia
Direccao-Geral de Indistiria e Energia, Praia

Empresa Publica de Electricidade e Kgua, Sas Vicente
Empresa Nacional de Combustiveis, Szo Vicente

United States Agency for International Development,
Vasnhington DC.
AGRizultural-Fv¥drological-ME
Sahel, Niamey

=]
D
Qo
e}
O
()
@]
(4
[
a
Y]
—
gel
'3
(@]
Uy
=
Q./
=3
)
o]
1Y

Intermediate Tecinology Develcrtment Sroup 1td London
Instituto Hacional de Investiga,ac Tecnologica, Frals
Divisanr de Energias Renovaveis, Ministerioc ic

rgi
Desenvoivimento Rural, Praia
Commité Interétat pour la Lutte Contre la Secrheresse
dans le Sahel, Ouagadocugou

Volunteers in Technical Assistance, Washington, UC.
Steering Committee on Wind-Energy for Develoring
Countries, Amersfoort, The Netherlands.

QOcean Trermsl Energy Conversion.



APPENDIX A .

MEASUREMENTS OF SQOLA® RADPIATION IN TYE REPURLIC OF CAPE VERDE

C.F. Kooi

Cape Verde Renewable Energy Project (625-0937,(3) USAID/Fraia

July 29, 1983

The intent of this report is to collect as much data 2s possihle on
insclation available 1in Cape Verde. tn present it in 2 uniform fashion,
to indicate the state of knowledge concerring insclation in Cape Varde,
and fin231ly %o indicate the acticns concerning insol=ation meaguremerts
and data collection which are necessary for carrying out senlar enerqay
development in Cape Verde,

I. MEASUREMENTS OF SOLAR RADIATION

There are two tvpes of solar radiation measzurement commonly dcne in
guprort of solar crergy work., The first is a measurement of "dura-
tion" given in hours ner unit time interval (hours/dav, houré/month,
etec.). It is simely the time during which the sun shines strongly
enough to burn a hole in a raper rlaced underneath 2z glass ball that
concentrates the radiation onto the raper, The device is called the
"Camphell-Stokes" solarimeter. Since the beginnings and endirgs of
the burnt parts of the raper zare not nrecisely measurable, this is a
measurement of low vrecision. Furthermore, one cannot use "duration"
directly in calculating the rerformance of snlar energy systems;
assumptions must be made soncerning the irntensity of radiation while
the sun is shining. This will be discussed in Section TIT.

H
=
@

cecond type of measurement determines the amount of radiat:ve
ergy falling on a certain horizontal‘area in 2 certain time interval.
s is frequently called "insclatiorn" and that term will he used here.
i iver in units of energy/area time., A wide variety of unite
sed. We shall use cal/ecm2 ner unit time intervsl in this rezort.
méasvrenent is made with a F¥ranometer., The two comman tyres in
oday employ
rmocruples, ore set of Junctions bh2ing raised by the sun's
4 higher temperature than the cther set thereby praducing a

o+ 13 3
® -
i~

S H3 0

3
(1

(h) a silicon P-r Junction across which the solar radiation produzes

a voltage bv rajsing electronsfrom the valeuce {o the conductinn band.
The voltage precduced by either of these devices is measured and re-
lated, by calibration prccedures. to the solar radiation power per unit

* See footnote nn page 2,
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area falling on th2 device. The tzermocouple type is ususlly consider-
¢d to bte more sccurate because of its broacdhand spectral response ard
lower sesnsitivity to ambient tenreratucre. Instrumeuts of “his type
kave traditicnally been the "standard" instruments, Hcwever, +ths si-
licon cell type appears tc be undergoing ar ‘mprovement process and

may soon be as asccurale and reliable &s the therroccunle type,

4 third type was used by the "Servigo Meteorologico MNacional" of Tortu-
gal to mske insolatiecn mensuvrzments at Draiz sn?i Mindelo during the
vears 1350-1973; vears for which we h1ave data. Tt is tas Robtitzsch act-
irograph whrnse senszing e 2nt is a nhleckened bimetallic strip suunericd
at one ead anc exxzose?d to radiztion through a transparent over. Whan
it absorts radiatiorn its temperature rises snd it vernds. The morement of
“he free end is maznifi=d by mechanical linkagpes and reconcded ny an arm
and p=n onto a rotating arum, t is alsc known as the Michelson pyrano-
meter, It has the aivantage, for remcte locations, of beairng self power-
ed except Tor the clock meckanism which rotates the registration Jdrun.
dowever, its accuracy is lower than thermccouple types f},é}; deviations
from true value are stated to be 10 % or grzater 27, Dﬂ. -

[

As sunligh® passes through the atmosghere it is no% cnly abscrbed but
undergoes wultiple scattering from d.st particles, water droplets, etzc,
The dir~ct compcnent of irsola-ion is thus —ediced znid s zzattered or

"diffuse" component zrrives at ihe m2asuring instrunint 2lorg with <4e
rei:ced dirent component. Cre can mezsure the direct and it use com-
poaents serarately and alsc the totzl or "irlobal" insclzticn which is
the cum of the twe. 1In practice, mezsuremens of cnly two of thecze
three iz usually carriéd ou® in order to minimize cost and lanor. Twan
identizal pyranomecers are used, cne m-asures the glebal insolation,
the other mesures the diffuse insolation, the lutter beiig dore »y
simply placing an obstrustion {z shadow tani) in the direct line to

the znn., A1) insolation measuremeats giver 1n this report are'globail.

I order to properly design many, if nx most, solar energy systems

one re2ds zccurate reliable measaremerts of both diffuse and global
insnlation on time intervals of approcimately ten minutes. Tris

should be done at a numbter of loca*ionz represantative mainly of varia-
fions ip clouiinesc.*"

* Xowever, tne Anuarin Climatologico, referred to lat=r uses "Insolagac”
to denote "Duratiorn" o sunshine ani it uses "Radiagao Global" %5 Jdeno-
te "Insoiation". The nazes "Duraticn' and "Insolation" a3 we aro

using them in this repcct are more in lins with sresent ucage.,

** There appear to te large variations in insolalion over very chort
distances on the mourtainous islands. This is rarticularly noticeable,
for exawuple, on Santo An*aoc when ‘rcseing from the windwerd (clcudy)

to the lee (sunny) slope between Ribeira Grande and Forto Novo.
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II. DATA

The Anuario Climatclogico de Portugal [3 I contains measuremants (f
glctal insolation and sunshine iu”atwon for a number of vears The in-
solation measuremerts were taken wi‘h the Robitzsch b-metalLlc actin-

ograph and the sunshine dura‘ion me=su-ements with a ”be]iowraph“,

rresumadbly of the Campbell Stokes type. 1Insolation dsta in calories

per square centimeter per month faor the years 1955, 1GSE£. 10357 sp4

“Q6C through 1973 wsre obtalned and are vresented in Table I for Praia

anZ Table 1T for Mindalo. These lables contain the naximum daily in-
lation for cach mon“h.

In olation da“a for 17 to 16 years' was sveraged znd are rresented in
28 ITI and IV. 1In £4ditiocn to the mean man and maximua

Land the years in wnizh they occured) and the quandari

presented. The aean 5 the monthiy %totval is d.vidad by the number of

days In the montk znd this 1eily mean is prezentsd in the zeventh

+

sbl

Jeviation are
4L

column., Tue daily meszns frem the repoct of TYE, Tuffie, and Smith | 2 !
are rrecented in the eighth column. L f, et al., obtaired these ija%a
from the Bcletim Actinoméirico de Pertugal, Ano I-V, Lishbosa. They are

avzrages for 4.5 years. The sears are no: cpecified but they are
prior to 1266, the dats of their report. The agreemen® bhetwezn “hose
two setgs of ddba, columns 7 and 2, is quite goci. This 1is not sur-
prising sirce it was rrobably obtainad frem the same measuremsat
program; only the y2ars in the data sets would dif+ er,

* Years for which we had complete data for toth Praia and Mindelo.



TABLE I. GLOBAL INSOLATION (cal/em2): PRATA
19557 1550 1957+ 1920 1961 1942+

Month , :

Total Maw day  Toiad, s Max day Total [Max Aday | Total Mux day Total |Max -day Total M day
JAN - i LR LR T 13 370 624 1% 767 | 535 11 384 500 10 502 o
FER 15 053 6k 1 78 oLt 16 031 AZE 1 g1 60~ 12 .38 526 12 176 620
MAR 17 062 620 21 79 707 21 iC9 bl 19 A13 G6HS 1t 552 5G4 18 967 6n&,
APE 119 3371 701 | 21 sag 754 218921 750 18 787 | A&7 15 0f2 ne2 18 %37 G0
MAY 19 9kL6 756 R TAE 25 SEQ a2 9 640 1) 15 Q79 525 2% 679 759
JUE |28 Lhal o 2pn | aa 5234 g 21 2351823 | 7 845 | Gaa b 75e 550 1% 050 737
JUL. [ 16 6% ) 773 | 18 64z 869 17 502 724 16 155 | €63 i3 712 566 15 624 676
AUG 116 9931 oz 17 892 792 - - 1 5971 617 13 601 ~91 12 255 Aol
SEP 1M 574 665 16 E&7 725 - - 14 Lo8] 518 - - 14 201 A0 -
GCT 15 552 6k 18 186 667 - - VBRI 618 - _ W 827 596
NOVE 116 5971 64a |k w46 517 17870 534 2 570 501 17576 510 12 287 556
DEC |14 7h4n}  gon 11 0% 622 11 026] 385 0 22 458 12 172 Lsq 11 314 520
Toial] - - P12 0581 ‘oo - - 127 239 | 587 - - 179 919 95519
Month 1957 1964 1965+ 1966+ 1967+ 1968+
JAN 12 9k 553 | 12 959 £80 Q274 355 17 612 | k70 1z 874 52% 12 967 332
FEB 112 5751 45% |91 364 439 ™ 215 L35 12 L3881 526 1A 8T 502 14 805 66
MAR 18 324 775 1 qRy 5045 17 879 655 15 581 59h 16 3ay 624 19 172 87
APR 118 973 w0y | 13 an 525 19 332 591 4 146 | 625 10 620 722 20 711 765
HAY 15 7221 559 14 297 522 20 P51 693 19 379 | G877 18 603 (68 22 317 813
JUN 19 021 744 117 8gp 519 21 %8s 2oz 17 230 | A8h - - 21 331 270
JUL 1% 831 612 17 013 1R 18 745 &ng 17 034 {ols) 17 45k 69 18 226 e
AUG 15 884 520 11 612 480 7 8L4q 762 15 472 GRO 1% 091 713 18 877 ho
el Ied B RN C Ol B LR 1T 230 60 217 | sy | 4o gs AO5 15 378 | 6op
OCT | 1h 238 59 [0 2a=r =9 1 hsol sah L St T B 12 Loé 534 15 593 Gl
NOV. | 25 4271 636 9 a3k "6 1 o0 Ak 12 "2 [ o505 11 @70 hoh 12 550 9o
DEC 11 G20 ek 2 56h 340 10 734 1o 11 748 "GO 12 529 Lok 11 247 71
Totall186 240 Thl hhs oo AR 132 54%1 E8 177 Lpr £o9 700 203 7ho 820

jen de z 7]

* Measurements from Anusrin Climatelap

Portugral



TABLE I. (continued)

Month 1969 1970 1971 1972 ﬁ1973
Total Max day| Total Max day | Total Max day | Total Max day | Total Max day

JAN 12 478 | 512 12 537 L82 13 399 503 11 5821 526 12 490 Loy
FEB 1% 720 | 553 10 875 493 13 857 599 13 433 545 11 760 560
MAR 17 960 616 15 994 571 - - 16 377 686 15 795 596
APR 17 563 683 17 500 635 18 543 686 20 181 741 16 781 629
MAY 19 884 694 18 130 649 19 521 70 20 280 736 19 525 673
JUN - - 18 879 645 19 698 726 18 365 47 17 302 684
JUL 16 883 653 15 534 627 17 385 697 18 838 717 15 867 633
AUG 15 229 626 14 184 615 14 ckg 639 17 271 652 L 556 614
SEP 13 821 567 13 563 539 15 222 594 15 587 613 12 406 603
OCT 13 550 527 14 179 Shi 14 652 545 14 852 552 14 284 550
NOV 12 443 o2 12 579 LE3 11 135 Ls6 12 163 Lgb 12 140 L83
DEC 10 934 L1s 10 248 Lok 11 138 L4z 11 682 L65 11 163 408
Total - 694 172 815 649 - 726 I 191 151 747 177 069 684

o



TABLE II. GLOBAL INSOLATION (cal/em2): MINDELO

1955+ 1656+ 19574 1960+ 1961+ 1962+
Month i SIS I .
Total Max day| Toial Max day | To*al Ma dey Tnfal Max day | Tstal Ma\( day | Total Max dagy

-— — e e o RO S S S - : ] .
JAN |12 526] 552 12 213 612 11 068 7#5 13 #66 551 12 916 Shl 12 6656 510
FEB | 17 454 595 15 980 | . 711 1 Bkl 6qp 15 379 681 1 oL 633 12 928 577
YR 117 1241 690 |20 sok | 826 20 12hf 7 21 113 | L99 ¢ 42 723 18 859 719
AFR 119 502) 798 129 W8z | 816 | 31 oga 737 20 679 775 21 =07 818 19 777 716
May 20 €7 73 21 o455 | | 78¢ 22 987 "GE 21 116 775 22 548 799 21 331 7L
JUN 119 1151 2% |18 383 784 20 3181 9497 20 718 | Shk 19 461 749 18 336 731
JUL |17 128] 751 119 410 766 18 142 o7 186 112 oL 16 764 7°8 17 256 £88
AUG | 16 474 7h5 | 18 825 7674 16 224 0z 18 293 | 754 17 544 £8y 16 261 £E7,
SEX | *& q9k| 737 |46 4% 71 15 3971 6o 1 2avs5 | 683 15 686 637 15 874 638
OCT 115 639] 7225 |46 995 506 A% 2001 Goo 15 Shik | €52 15 202 599 13 A60 589
NOV | 15 ©:6]  f22 |42 3ah 676 12403 490 13 180 | 583 1% 104 505 11 ka2 S22
DEC |13 &571 502 |11 397 =3 12 104 Sac 10 T41 1 500 a 729 430 16 779 Lz
Tnta1197rmu- 3£ 209185 820 199 °f1 “R P02 h?é 84‘ 202 +0? 818 1189 9 799 | 747
Horth 19(%* 5L - [ i96ss [ 1064+ [ 1067’ 1968+
JAN | 14 g9P7 666 12 657 55 11 200]  h4oc 12280 [ Tk 12 504 520 12 992 I 717
FEB 117 2871 o2€h |4l o5 ’F” thoastl fon 3 h27 1 590 13 ham 590 14 702 €41
MAR | z0 100 - 16 134 60F. 18 551| 96 12 450 | 680 17 518 701 19 553 £80
APR 119 9a3| 96> |12 362 7o 20 ho7| 757 19 7haf 713 20 58¢ . 729 20 0%5 776
MAY 19 0791 740 19 797 722 21 319) 314 70 488 716 20 755 777 21 548 750
JIN [ 19 700 - 10 88 764 18 9131 744 17 293 1 718 18 000 720 20 077 74
JUI. 18 175 725 16 G63 700 17 C0A 677 13 645 R 18 081 696 18 389 755
AlG 15 4O 37 15 29 560 16 270 Gr7 19 730 693 16 21% 664 16 764 €08
SEP | 15 8s4| ook 5 563 €76 T 8231 63 o505 | (45 1 hzs a7 - -
OCT | 1h 8961 584 |12 g0q 579 PIe1El o5 o111 | s03 12155 373 - -
Hav (ETRNAE 550 12 cre 515 277 52 11 IR el i phz =12 - -
DEC 11 2,1 486 11 507 hEn 10 GFC Loy 11 Lod 479 17 72k 120 - -
Totalpor 40 776 Jﬁﬂ'if”7 7#6 109 212 ERES 189 aih 770 P88 6ls 777 j - 755

. Measurements fr‘om Anuamo ]lmafnlo;ﬂco de Portugal l_—_ﬁ—l
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TABLE II. (continued)
1950 1070 171 1972+ 1973+

Month . :

Total Max day ' Tortal Max d:y | Tatal Max day | Tetal Max day | Total Max deay
JAN 12 %10 505 12 506 S48 - - 12 15° &l 12 7¢6 552
FER 1% 4%° 537 12 463 567 - - 12 746 617 11 643 573
MAF 16 609 5G: 17 568 670 - - 17 596 756 16 987 662
APR 17 051 | 642 18 824 687 - - 22 772 82y 17 483 645
MAY 18 231 631 18 699 710 - - 2% 753 868 17 038 612
JUN 16 272 614 18 L4325 714 - - 19 559 818 15 756 644
JUL 16 299 606 18 204 684 - - 17 889 246 15 L46 601
AUG 15 025 604 16 612 686 - - 16 208 676 12 913 585
SEP 13 694 575 16 027 663 - - 17 802 691 13 738 549
OCT 12 721 511 16 119 615 - - 15 175 580 15 585 528
NoV 11 105 | * 434 13 39¢ 528 - - 12 844 566 11 272 4sg5
DEC 9 993 330 |13 554 536 - - 12 725 575 9 934 394
Total [172 782 642 h97 44o 714 - - 201 221 868 168 501 662




L MIN, MAX. MEAN |[STL.DEV.| MFEAN LBF
Month| (09 of yesrs| of of >f of °f lpurriz
in thre montniylmonthly imonthly monttly daily | orm
cata set) total | tctel | total | total tato1 | ETH
!
J 15 3,234 | 1£.ak2) 2 cug] 1578 | Leos | 446
(1965) | (1956 | (12.088)
F 16 20,015 | 16,2911 12,3278 1 &7 LE8* | 531
(12€%) (‘95“)[ (11.9%)
M “€ 14,078 | Zz+ 392{ 17,845 2455 S56 £20
(73545 | (128R) (1.2.39%)
A 15 13,791 21,°G621 18,7251 2,&7¢ €31 672
(1973) | (1e57)] (14, 2%)
M 15 1%,397 2:,679i 1¢,5L7 2,610 F321 Ehp
(1664Y | (1372) | SERLE
J 14 13,232 | 21.330! 15,380 z,27€ €12 Ty
{1954) (4?65)! (12.4%)
: 1% 14,915 | 12,8381 16,552| 1,%62 | s34 | 53
(19641 | (1372)] f11.3)
A 15 17,4812 | MR,877| 15,466 2,005 heq hat
(1954) T1968) (1R
S i3 12,050 | 16,286 14,122 1,541 L7 Sk
(1964) (15589 (~0.5%)
0 17 “0, 818 18,185 ik 078 <, 6E1 Leh £12
(19453 {1757 (13.2%)
N 15 G,02L | 1€,277] 12,73" 1,210 4ok 446
(126%) | {(495%) (12. 5%
o 13 8,566 | 1k, 7h2| 11,3350 1,331 | 368 | 299
(1a6ky | {(1e58)

* allows for leap years in the data set



The spre=d of data for Praia is 50 % to 100 % greater than that for
Mindelo. This is exhibited by the percentages below each value of
standard deviation (columns six) which are the ratios of standard
deviation to mean.

The Instituto Nacional de Investigacio Tecnnldgica (I.N.I.T.) in coope-

ration with theltalian ccoperation program meazured 7lebel insolation

at Porto Mosgnuito on the southwest coast of Sentiazo Island (a loca-

tion near sea level) for »re year. The data are rresented in Table

V. for monthly totals. and Table VI for rourly totals for three clear

days [4]. These mezsurements were mede with a silicon solar cell
pyranometer and an electronic counter-integrata.

Global insolztion measur=ments have becun at 340 Jorge, Ssrtiago Island,
2t an elcvation of 320 meters under the program of AGRXVMET®. ITnitial
results of this mezsurement program are presented in Table VII (month-
lv totals of global insolation) and Tahle VIIT (deily totals) Eﬂ.
These mezsurements were made with a thermcccuple type pyrarometer read
by an electrcnic counter-integrator.

The latitudes, longitudes and elevations of these four statinns are
given helow:

Mindelo. S. Vicente 167 520 N 257 00' N sea level
Praia, Santiago . 14 Shr N 239 310 sea level
Porto Mosquito, Santiago o 1#2 56' N 232 biv W sea level
Sao Jorge, Santiago 15" 03' N 237 37' W 320 meters

* AGRicultural YYdrometry and METeorology measurement vrogram
for the Sahel with headousrters in Niamey.

,
7l
.y\/



TABLE V. GLOPAL INSOLATION (cal/cm2-month): PORTO MOSQUITO™

Month 1261 W 1982
Janua%y B - 12’:?;:-*—
Fekrua~y - 12 2272
March - 13 330
Aobril - 13 Q22
May - 14 939
June - 13 54=
culy - 12 287
August - 12 797
Septeriber - 12 AL
Octoher - 12 570
Novemkter 12 578 -
Decenber 10 984 -

* Measurements by I.N.I.T. (5. Cclasante).



TABLE VI. HOURLY INSOLATTON oM CLEAR DAYS (cal/c¢m2-hr): PORTO MOSZUITO*

Time December 7. 1981 Auzust 30, 1922 EMaréh 3, 19492
06 . B _~C.\ B S VS S O~_77 -; e r.) _: C e e
. ! 0.00
07 o0 0.95 3.53 ; 0.60
08 0o 11,27 25.80 : 8.3
09 €O Ly, 20 Lb 922 ? 28 . €4
10 00 58.48 €0.46 f LE bh
11 00 67. L2 ' 69,49 | 62.61
12 00 73,87 i 79.46- | 58,54
13 00 69.66 7z.26 | 63.90
14 00 51.7% 63,04 - 59?97
15 00 Le.1¢ 57.9€ | k3,00
“6 00 34,31 _ 28,18 28.21
17 00 20.64 24 .51 ' 15,0
18 00 8.08 0,12 5.68
19 00 o) 0.00 0.00
Total
(Cal/cm2-d=v) 498,80 543,68 Lza 95

* Measurements of T.N.I.T. (G. Colasantse).



TABLE VII. GLOBAL INSOLATION (c2l/om2-month): 50 JORGE *

——— . —— - e —— g ———— . —

¥enth 1982 1983

—— e e i e emmm — -

January | - 1C 202

Febrvary - -
March - -
Aprin - -
May - -
June - -
July - -
August R £agr» o
Serztember 10 377 -
QOctober 11 541 -

Novamber 10 790 -

Decemrher 8 516 -

* Tate frem AGREVMET station 2t Sio Jerge (Rui Silva).

* 6 davs of datsz missing. Average assum2d for these 6 daya.



Day of i 4952 L1983
month|Aurust ' Seprtember|October Novembher | Decemberi January
1 - 141, 478, 387. 307, l 295,
2 - 238, L7, 477. 203, ? 51,
3 - i SVAN 368. Lo»o. ; 2h9, ! 173.
& - f 287, Lo, L8, 39%, f 62.
5 - } 226. Lo, 4z, b7, f 277
5 - b zs6. 320. 479, 162, LR,
7 - 504, 430, Lo, 2i0. | 2ss.
8 - 488, k10, 306, | 173, 311,
9 - 265. 479. Lok 267 361,
10 - 495, bz, 403, 4. 1 380
11 377, 327. Lo, 385. 294, ! 240,
12 186. 352. 3356 360. | 235, ! 367.
13 222. 323. 450, 324, 1 219, 1 330,
14 374, 1 716, 164 , 371, 200, | 330,
15 360. ! 217. 225 201. 18% ; 216,
16 21k, 2k1, 257 100 176, 1 26s.
17 | 190, LEL 283, 315 276, ’ 339,
18 220 247 373, k13 31N f 395,
13 514, | 243 394 . 413, 1 270 5 425,
20 340, | 77 148, 379 164, | hh1,
21 192, ! 365, 354, 372. 224 ; Ly2,
22 283, l 348, 269 43 367 Pooane,
23 20k, ; 362 Lo5 363, 229, f hTL
24 230, 432 225 373. 202, . 457,
25 263, ! Lok, Lsy, 226. 337, ? Lks7,
26 252. 1 428, 480. 262. 323. f 345,
27 398, | 205. 497 97. 109, | e,
28 69. 215, 430, 169, 360, | 284,
29 290. 457, 346, 359. 333. 283.
30 436, k72, 362, kg, 31 264,
31 269 370, 271 420,

'

Measurements of AGRHYMET station at Sdo Jorge (Rui Silva).



ITI. DISCUSSION OF INSOLATION DATA

The average daily insolation for Fraia and Mindelo, from columns seven

of Tatles III and IV, is shzwn :in 1gure 1, Thke less extsancive measure-
ments from Porto Mosquito ard Sao vorge, as derived from Tanles V and
VII, are alsc shecwn. The annual variation:z ars obvisusly cavsed hy

.

(a) the seasonal varistions of the decl vation of the sun. (h) the
rainy season in the late summer ard rall and (¢} The dusty seazen in
the winter.

The differences betwesn +he measured ins
must be due to different atmozpheric ceo

trument error. It iz tes lar rce to be attribulapl 2 1t ide
diff:rence of only 2 Jegrees.
The diffevsnces between the meazurci insclzticn for Mirdelo - Praia and
Porto HMesguito are almo.:t certainly reasurement inaccuracies sinece
these are all coastal, low elsva*ion locationz. The lover values for
Sas Juorge, hosever, may be due to its elevation, 220 meters, =nd the
consegquent in:creacsed cloudiness and rainfall; but instrumest iraccuracy
may alsoc te tresant.
Ve may make an additional estimate of the2 relinbility of the Cape VJer-
“ean miisurements oy comparing them to the messurements anpd ierived
data for the ¢ nfjnent Pzata for sites at =imilar latitudes in Sene-
a2l and Mauritania are shown in Figure 2 (Henri Mazsor | A ]), By com-

paring these data (i.e., Figs. 1 and 2) on2 iz led t-o susge
summer and fall data for indelo znd Praia zre too high whi
of Porto Mosquito mzy be somewhst lou. Th= data from Sac Jo-ge is
still too sparse (only five months yet svsilabl2) to drow any con-
clusions.

The continental climate, of course, is not exactly th2 same as the
Cape V-rdean climate, but its la+s ude, rainy season and the du asty

eason are similar. Furthermor
Dakar measurements are quite z
tion. caiibraticr program, and pref
ment program recaived | A |

5]

C

.'

thz accuracy and r Tizbility of the
bzcause of the tetrer in strumenta
fezsional attention that this messure-

Reference tn column 2
sicn of measuremer ts e
Mindelo. This woull zrpear *o

e

"S
4]
[
[
0
[y
373

bles ITI and IV reveals that the iizper-
much larger foo Prziz than for

€ an arvifect of the mzas.remer*s in

Praia und Mindel> sinze th2 meteorolagicsal situation is rot much differ-

ent one from the other. Adiirs “niz apparent meagarement inacruracy

to the known low accuracy of the bin.tallios type o7 ir strument which

was used, and in lichk- of the previou. discussion, we wmust conclude

that existing measurements of ﬁu‘olat;on in Cape Verde sre not of cond

accuracy and mcre accurate m2asurements aro needed,

In order to de=ign and calculate the performance of most solar energy
devices the engineer needs irsolation data on an hourly bagis although

—

«
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Fig. 2. Average daily insolation for locations in Senegal and Mauritania
(From Masson [ 6 ]). The data for Dakar are measured; for the other cities
they are derived from sunshine duration data.
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cccasionally d=t2 on a “aily or monthly basis is sufficiesnt., Very
little hourly or daily deta is availatle in Praia. The little we have
is ah 1own in Tables VI and VI+n, All of the data from the Anuaris Cli-

ci

matoiogico was taken on a cntinuous tasis as recorded on the rotating
drum of the Robitach actlrrgrqp.. Therefore, a vast amount of hourly
data was in existence at one time. However, we do not know whether

these continuons recoris still exist.

In order to desien ard calculs*e the nerforrance of some solar energy
devices, particularly ccicentraterz, “he engina rust kncw the portion
cf insolztlcn which is 4 rect., We do not know of any measurements of
dirz2ct and diffuse insolation for Cape Verde.

Prelimirary indications fronm tion mEasurementc at Sao Jorge
anc deduction frem cloudiness and rainfall infermation indicate that
here are large variaticns in insclaticn in the Cape Verde Islands,
These variations would he expected +o d=pend on al-itnde ard, n=rhaps
on the Jocation with resyect to windwarl or leswari sides of mcuntai-
nous regicns. Excert for the very preliminzry results from Sao Jerge

we have no meacurements of these variations.

3

Measurements of sunshine duration have been made at a n.mber of sta-

ticns in CapevVerde for mzny years (see Auuario Climatoldgi-o, 5373

These include Mindelo, Praia, Sal, and fgna das Caldeiras (anqto Antac).

Beczuse this is a ,heaper anrd easier measuremnent t- make it is mwore

n“dﬂspread. Therefore, it is commen nractice to attemvt to derive in-
olation da*a from sunshine duration ta. ’

(o)) |-—<
]

This is vw3ually done by gravhing inscla®ion, I, versus hours. S, and
fitting an analytic exwrassicn to the data by a least sgua.s2s or re-

3

gression, procecs. We h=ve constructed such graphs for the monthly
tetals for Mindele (Figure 3) and Praia (Figure 4) using the ins-~lation

datz in Tables I snd IT and th: sunshine duration data (eallad 'insola-
ao™") frem tha Anuario Climz*oldgicn [3]. Some v2ars for which com-
plete d=ta on both insolation and duraticn for hoth Praia and Mindelo
ere selected frem the Anuarios at our disposal.*

te]

=

It i immediately obvious from these grarhs that the relation tetween
insolation (I} and hcurs of sunshine (8)is different for +the "dusty"
wirter months (Novewber, December, January, February) and the 'cloudy"
summer end fall months (July. Aucust. Septembar, Qctober). The former
groun lies lower on the grarhs %than tks latter. This may bhe due t»o
tae different lizht scattering and sttenuation preperties of dust snd
wooer, as well zs to the zreater atmospheric path length and lower
average angular altitude of the swn during the winter.

1]

We first use <ne simnlestonossible ecuatior to relate T to S, It i

I = a + b 8 ' (1)

* Presumably other velumes exist which have suiteble data,
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Fig. 4. Total monthl 1y 1psolat10n as a function of total monthly sunshine duration
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where: I is the insola*ion in cal/cm2 month
a, b are constants
S

is the siaashine Auratinn in hourns/month.

We made 2 least squares (regres=icn) fit of this equation to the Min-
delo data for 1955. 1956, 1957, 19671, 1962, 1864 in three wavs: (1)
using all data, (2) elimirating the data for the "clowdy" months, and
(3) elimina*ine the Qata for the "dusty" months. The resalts are:

a b ré

— e,

(1) No months excluded 1843 56.97 0.57
(2) "Cloudy" months excluded -1998 6G. 34 0.66
(3) "Dusty" months excluded a2 L&, 8= Nn.53
The ''‘coefficient of deternination', r2, i: aleo listed. 1t indicates

a good fit for values 2lose to 1 and = pocr fit for values close to O.
Evidently. splitting th= data into the latter two grouvns zives s better
fit than fitting the data from all the months to a sinsle curve as for
casze (1). Trese regression lines are showrn on Figure 2 and labelled
(1). (2) 2nd (2) in =czordence wit:r th> scheme above,

A somewhat better way of fitting av aralytic zznression to *he data is
based on wo-k of Arzstrim :7]. Tre monthly sums of vadiation. I. are
divided by the amount of radiztion avazilable at the location outside
the atmosrhere,. I5, and the numiers cf sunshine nours per month, S,
ére divided by the maximum number o stnshine hours a2t the Ilnzcation

doutside the atmosvhare, Sg - These ratios are assumed to be related
by :
I g
—— = a + b (2)
Ig So

where a2 and b are constants.

We have calculated I/Io for =ach month for the years 1955, 1956, 1087,
19€1, 1962. and 1954 for Mindelo and nreserted the results ir Figure 5.
A regression fit %o Eg. 2 is also chown on this Ficure, The conatants
are a = 0.234% and b = 0.422. The coefficient of deterrmination re -
= 0.425. This value of r2 is lower than thcse obtained for Zo. (1)

and one would cerclude that one could do better by using Ea., 1 tn cal-
ctlate insolatinn from sunshine hours data at low altituade sites in
Cape Verde., Eq. 1 wonld he even more velid if -n= used *he equations
for "cloudy" and "dusty" months s2varately (cazzes (2) and (3) above).

It should be noticed, hosever, thaw tha "clnud:!' ard "dusty" months
do not lie in distinet regions on the T/I, versvs S/S;, plot (Fig. S)
as they do un the I versus §S plot (Fig. 4). This mzy indicsate tnat
the greouping observed in Fig., 4 mav te dus tc the relat onm path Jjengzth
through the atmosphere rather than to the different radiation scatter-

A8\
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ing and absortion properties of water and dust in the atmosphere. How-
ever, it could be wuseful to determine the different scattering and
absortion properties of water and dust since there are distinct "cloudy"
and "dusty" seasons in Cape Verde and., indeed, in large parts of West
Africa (see Appendix B).

V. CONCLUSIONS

Sufficient information exists to allow one to design solar devices and
systems at locations in Cape Verde that are at low elevations. However,
the largest body of data, that for Mindelo and Praia from 1955 ta 1973,
does not appear to be accurate. Other dats is still too sparse to
significantly remedy this state of affairs. Therefore, 2slcula<iors

of the verformance of solar systems can presently be dene only to low
accuracy with perhaps 10 to 20 % errors Just due to the uncertainty of
the insolation data, Furthermere, there is slmost no informa‘tion on
insolation at higher elevations and none at all on the diffuss component
of insolation,

A strong insolation measurement vrograa is needed ir order to provide
the basis for utilization of solar energy in Cepe Verde. Measurements
of diffuse and total insolation should be made at a variety of loca-
tions and these shruld be carried out for at least a decsde. In addi-
tion measuremeants of sunshine duration. a cheaper and cacier measure-
ments, should be made ‘at many mcre locations znd used tc zalsulate in-
solation by methods such as those of the nrevious section.
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FIGURE CAPTIONS

1. Average daily insolation as a function of month. Data for Praia
and Mindelo are averages for 13 to 16 years. Data for Porto Mosquito
is for one year. Data for Sao Jorge is for six months.

2. Average daily insolation for locations in Senegal and Mauritania
(From Masson L6 ). The data for Dakar are measured; for the other
cities they are derived from sunshine duration data,

5. Total monthly insolation as a function of total monthly sunshine
duration for six years at Mindelo. The lines are regression fits of
Eq. (1) to the data as describeq in the text and Appendix A.

4. Total monthly insolation as a function of total monthly sunshine
duration for ten years at Praia.

5. Normalized monthly insolation at Mindelo as a function of normal-
ized monthly sunshine duration with a regression fit to Eq. (2) as
described in the text and Appendix A.
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Appendix AA. CURVE FITTING AND CALCULATION OF IO AND So

(EXTRA-ATMOSPHERIC INSOLATION AND SUNSHINE DURATION)

The equations
I =a+ s (1)
or
I/Io = a + bS/so (2)
were rit to the data using a standard regression program for the HP 97
desk calculator. No standard program for calculation of I and SO is

availeble. These quantities were calculated as follows.

The angle frem vertical, V, of a line from the sun to a point on the
earth's surface at latitude, L, is given by

cos V = cos H cos D cos L + sin D sin L (3)
wnere H is the hour angle which ic¢ zero at local noon and measured
positively in afternoon, i.e., 15° - 1200 hours, 30° = 1400 hours, etc.
D is tne solar declination angle which, to acceptable precision, is
given by

D = 23.45 sin (21 n/365) in degrees (4)

where n 1is the number of days after the spring equinox. The sunset
and sunrise hour angle is found by setting V = 90%° in Eq. 3,

Hg = - tan L tan D in degrees (5)

The number of hours in the day is

+HS
2H
d 1 _ *5 6
S, = 7?7_j‘ dH = E (6)
“Hg

and the insolation per day outside the atmosphere is

+S /2
P o
I = K f cos V dt (7)
° 28,/2

where K is the "solar constant' taken to be equal to 120 cal/cm2 hour
(outside the atmosphere) and t is the time in hours. Using Eq. 3 and



integrating Eq. 7 yields

d Hs . . 12 .
I~ = 2ko (73 sin D sin L + T cos D cos L sin Hg) (8)

Finally, the hours of sunshine and insolation per month are found, to
sufficient accuracy, by multipiying the daily quantities calculated at
the 21st of each month, by the number of days in the month, N.

S, =85, N (9)

I =TI N (10)
(o] O

These calculations were programmed onto an HP 41 C hand calculator.
The program is shown below.

\\\,-'






APPENDIXAB. DUST IN THE ATMOSPHERE

Onyango EB] has shown that a "umversal" formula due to Sayigh allows

one to calculate global .insolation from the daily sunshine duration

for over 20 years in East African locations Kenya, Upanda, Tanzania.

In addition to sunshine duration the formula reguires the maximunm daily
temperature the relative humidity and the menthly rolative humidity
factor. He claims good agreement between calculated valuss and measured
valuzs,

In view of the two very distinct seasons of the Sahelian countrie
especially Cape Verde, where during th2 winter months dust is a =i
icant radiation atsorbing and scatiering entity, one wouli expect
such a "uiiversal" formula ray not be universal but woull have to in-
clude terms describing the dust content of the air, A zood m2asure-
ment prozram in Cape Verde could ccntribute to development of such a
formula for relating insolation to sunshine duration incluiing the
effects of dust.



AFPPENDIX B

EVOLUTION OF PETROLEUM PRIZES IN CAPE VERDE
C.¥. Kooi
Cape Verde Renewable Energy Project (625-0937.03), USAID /Praia

Jure 17, 1983

I. Petroleum products power pratizally all of the msdern sector and

a considerable part of the traditional sector in the Pepublic of Cape
Verde. It is all imported. No dogestic petroleum resources are known
and, because of the volcania na“ure of the islands, there iz little

prospect of rinding any.

Somewhat more than 30,000 tonnes* per year are used internally. Inter-
nal petroleum consumpticn has teen increasing over tae past few years
as shown in Table® I. Re-exported fuels,i.e., for ships and airplanes,
are not included in this tabl=.

TA3LE I

Internal consumption of all petroleun products in Cape Verde

Yezar Consumption (tonnes)
1979 25,637
1281 28,337
1381 30, 381

The prodicts incilude heavy oil (desalination, ele~tric power), diesel
fuel (transportation, electriz poser, agriculture, coanstruction,
pinping, etc.), kerosene (cooking, ligshting), liquid petroleum ga-,
LPG (cooking, lighting), gasoline (transportation, agriculture, etc.).

Pricss and import costs of petroleum products are obviously of import-
ance to the Cape Verdean ecoaomy. The evolution of petroleur prices

is especially important in connection with the economin viability of
alternate energy technologies and recurrent cests of A.I.D. projects.

* Metric tonanes.

\/
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IL._ Evolution of Import Prices of Petvoleum Products

The prices in U.S. dollars of petroleum fuels increased by about =2
factor or teu bhetween 1972 and 19%0*. Since 1930 the prices (in
dollars) have stabilized and recently they have gcne down. COPEC raw
petroleum prices, for exzmple. have been recently reduced from ahout
§34 tc about $23 rer barrel,

L.

Unfortunately, many develoving ccuntries. including Cape Verde, have
not experienced these price reductions. Their petroleum fuel costs
continue to increase. This is shown in Figures 1 and 2. The prices
shown in Figure 1 are import pricez - before taxes, subsides, and
distribution costs are aprlied. Prices shown in Figure 1 are some-
during the year, =2nd the data points are arhitrarily plasced at June
30 of each year: thusse of Figure 2 are those of the precise dates
indicated.

The effects of the OPEC price increase of 1979 are evident. Thz prices
continued to increase ofter 1979 sven whes wurld export petroleum
prices were constant or decressing. The resson liec in the increasing
dollar (U.S.)/escudo (C.V.) ratio, since one must zayv for petroleunm
imports in dollars. The time evolution of this ratio is shown in
Figure 3. It has doudled since 1980 and that is enough to produce

the import price increaces of netroleum products shown in Figure 1

and 2,

Will prices of petroleum products continue to increase for Cape Verde?

The answer depends on suv many facters (ezcuin/dollar ratin, increased
0il demand due to increa-ed world-wide economic activity, politiecal
and military events in the Miidle Fast, etec.) that it cannot be
answered with much confidence. However, since petroleum is a finite
resource and world population (and petroleum consumntion?) continnues
to increzse one would expect the nrice of petroleum to increase sub-
stantially in the lonz run. Unfortunately, it is the short term
prediction (10 to 15 veare) that 15 needed for estimation of ecomomic
viability of alterrste energzv systems.

ITT. TJmplications for Alternate Energies

The economic viability ~<¢ most alternate energy technologies in Cave
Verde is infrinsically related to the prices of petroleum products.
Simply put, if 01l is creap alrernarte enercies can't comnete, if it

is expensive they can, To compare the economics of an alternate energy

* 1f adjusted ror general inflation it is less than this.
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System, such as a photovoltaic water pump, to a conventional petro-
leun driven system, such as a diesel pumnp, one calculates the present
value of all cash flows over the life of the systems. Since system
lifetimes can be 5 to 25 years one must, therefore, predict the
prices of everything involved for many years into the future. Petro-
lz2um fuels are frequently the largest expense, e.g., about 70 % of
all costs in the case of the Mindelo desalination plant*, and the
prediction of their future price increases is, therefore. often the
most critical input to the economic calculation. Price =2volution in
the past cannot, of course, tell what will happen in the future, but
the large increases experienced by Cape Verde (Fig. 1 and 2) over

the past few years warn us against the recent, pervasive, assumption
that petroleum prices have stabilized,

Tmplication A. (Petroleum price escalation rates). In economic

comparisons ot alternate energy systems witn petroleum-fueled energy
for Cape Verde, it is wise to assupe petroleun fuel price escalation
rates that are higher than those that are currently being usad else-
where, especially those used for the U.S.A..

Development and finance organizations provide funding for many
energy production and consumption systems in Cape Verde.

This funding is usually applied to the purchase and installation of
the system and usually Jdoes not include operating costs. When these -

Systems are powered by petroleum bhased fuel (e.g., desalination plants,
city elzctric power systems) the operating costs over the life of the -

system can be considarably larger than the ini-ial cost**. These "re-
current' costs are borne by the host country. Whea petroleum fuel

is a major part of the cos* and the host couatry is an oil importer,
the major part of the "recurrent" cost is in hard curreancy foreign
e«change. At the Mindelo desalination plant this hard currency
foreign exchange cost is about 110 escudos (C.V.) per tonne of water
(about 1.60 U.S. dollars today).

- —— -

* Sonia MORAIS, Maraging Engineer, Mindelr Desalination Plant,

** For the Mindelo desalination plant the present values of costs
ovar a 20 year plant life are about:

Initial cost (construction, etc.) 18 4%
Fuel oil 68 %
Other operating costs 16 %

This partition of costs will change somawhat depending on choices
of future price escalation and discount rates.

(Estimates o Cost of Desalinated Sea Water in Cape Verde, USAID/
Praia Report, C.F. Kooi, May 16, 19%3),



Implication B. (RecurggquCosts). In choosing an energy system one
shoull consider ways to reduce the "recurrent" costs of the system
which the host country must usually pay. This is especially impor-
tant if the "recurrent'" costs are in hard currency foreign exchange
and if they are the largest part of the total lifetime costs of the
system. Alternate energies, such as wind and solar energies which

are locally available, should be considered.

Not only is this a heavy burden in terms o* hard currency foreign ex-
change, but fluctuations in internationally traded petroleum prices
and in the dollar/escudso exchange rate constitute a substantial risk
for the host country. Although nobody expects this risk to be as
great as during the last decade* it would still be vise to consider
risk avoidance measures when planning new installations. Examples
of risk avoidance (or minimization) measures are:

- use a pleatiful fossil fuel such as coal

- use a locally available energy source such as wind or solar energy
- stockpile petrolzur fuels

- install higher efficiency equipment or processes

Implication C. (Risk_@gg%@g@ggl; When choosing a system that
consumes large amounts of energy one shouli give weight to measures

and types of systems that avoid or minimize the risks associated with
uncertain future prices of petrolaum fuels and uncertain “uture dollar/
escud> exchange rates. Tne use of non-imported alternate energiss such

as wind, solar or geothermal is one such risk avoidance measure.

Minimizing the recurren® costs and the risks associated with petroleun
fuels will usually, if not always, require a larger initial investment.
Straight financial analysis without consideration of these recurrent
cost ani risk factors may favor a traditional petroleun fueled systemn.
However, consideration of reaurrent costs, especially if they are ha-~d
curreacy payments to foreign suppliers, and of risk factors may tip ,
the balance in favor of a system powered by an alternate energy source.

* The price of fuel oil at the Mindelo desalination nlant increased
22 times since it was opened in 1972 (Sonia MORAIS, Managing
Engineer).

** These are, of course, only two factors that go into choosing the
system. Tnere is a mnltitude of o“her considerations such as
local job creation, risk of physical interruption of oil supply,
uncertaintiss and risks aszsociated with new alternate energy
technologiers, uncertainties concerning the future price evolution
of alternate energy components (such as photovoltaic panels),
personnel skxill rejuiremeats, ete..

\
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FIGURE CAPTIONS

1. Evolution of prices of some petroleum products at Mindelo, Sao Vi-
cente. These prices do not inciude any taxes, subsidies or costs of
retaii saies and discrivution. They are prices wnich occurred during
the yesr aud are arpilrarily plotted at June %0 or each year., Data
were obtained from ENACOL and =ELECTRA, S. vicente,

2. Zvolution of prices of come peiruvieum products in Cape Verde. The
Gasoleo Calivo is dedicated to fuszling the <leciric pouser stution =2nd
desalination plant at Mindelo and does not i..clule taxes, subsidies

or retail transnort and sal2s costs. The prices of the other products
include these costs., "Tambor" refers to sales in 200 liter containers,
the price at the pump beine slightly higher. Data were obtained from
D.G.I.E., C.D.T.C., and the Boletim Oficial da Republica de Cabo Verde.

2. Evolution of the Cape Verdean escudo: United States dollar exchange

-

rate. Data from Boletim Oficial da Reputlica de Cabo Verde.

. \W\



Appendix C. CALCULATION OF THE PRESENT VALUE OF A TIME SERIES OF
CASH FLOWS.

The present value of a series of annual cash flows is:

N

z 1 \n (1)
ha) .
Preseant value = A (—=)

n (’1+R

n=1
where A 1is the cash flow in year n and R 1is th2 discount rate
(or expected return on investment). N is ths year of the last cash
flow. If the annual cash flow is a constant times a price escalation

factor this can be written aAs:

N 1 n
Present value = 4 ; ( ?;La ) (2)
1’1:1

where A is th2 cost of the quantity during ths first year and I is
its annual price escalation rate. I can be the general infla“:on rate,

fuel price escalaticn rate, etc. Isuation {2) can be written
-N
. 1./ '
Present value =. A (- ‘1:;3 ) ) = A x PV (l,I,R)- (3)
where R' = 3 :% and PV (N,I,R) = the present value factor.

If a cash flow occurs enly at year n  its present value 1is

Pre2sent value = An (14 R0 = An 2 (n, I, R)

where P (n, I, R) is defined as ths present value factor for one cash
flow at year n.



Appendix D MCDEL FOF A SOLAR POND DEVELOPMENT PROJECT

A. Title nage
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Duraticn of Praject: Three years.,

Total Cos*t of Proiect: §128,000 external funiing. The Government

of Cape Verde will contribute salaries {excevt for foreian consultants),
lztoratory space and fauipment. snd space for building the solar —ond.
Its coniritution is valued at 3,600,000 CVE.

Investigators:
To be named hy I.N.I.T.

B. Project Objective

The ohjective of the project is to caiw experience in construction
and operation of salt gracient solar ronds and to determine their
operatine characteristics in the Cape Verdean environment in prepara-
tion for larze scale use in generation of electrical power and vroduc-
tion of desalirated water.

C. Technical Work Plag

s w i n&ve seen in Sectivu VII-2 ponds have many advantages over
nther Jcw-temperature solar heat collectors. Furthermore, they are
rarticularly attractive for arvlications at low-latitudes ard under
coastal Sanelian c~nditions., The Workx Plan is designed to study .
veriiy, and czpitalize on thece adventarges. Thie will he deone by
constructing a pond. orérating it. measurine its nreperties apd he-
lavior, ccmparing to and develnping theory as reeded, and finallw
withdrawing neat from the vond for a first aprlication. This first
asplicatisn will bhe the generztion of mechanical power,

Constructiosn of Sclar Pond:

The pond will be circular with an area of 200 m2, Tt will be 2 to
3 meters deep. The lining will be vlastic such as EPDM, HDPE, or






Use of Pend Heat:

Withdrawal of heat anig meesurement of the quantity withdrawn will be
started a‘ter one and a half years of operation. The withdrawal me-
chanism will be two diffusers, an inlet and an outlet, connected to
an exterral heat exchanger, This will provide experience in hezt
wWithdrawal fechniaies and provide heat for the first anplications.

It is planned that the first annlicntign will be generaticpn of me-
chanizcal ;ower 2y use of the SOFRETES motcer at Achaaa S5o Filine,
which will be transported to the pond site.
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TASK STATEMENT AND SCHEDULER

Tasks Months frem start of Project
[ D)
0 6 1,2 1,8 2.k 3 36
Pur«hase materials,
instruments, equlpment
Excavate and prepare
site —_— |
Construcl and fiil
pend — {
Ctart oparation and
aeasurement s
Carry out mea:urement
ana znalysis program [
Withdrawal of heat f—
Production of mechan-
ical power +
Visit= by technical
assistants —_— | |
JYisits to foreipn salarp
pond centers —_
Repert:s 4 4 ; s ;




D. MODEL BUDGET (numbers in USD unless srecified otherwise)

Budget *

S o e

%
+ fad

rox
Government of Care Verde. T+ igs furthrer broken Adcwn inte moreys csp
in Cape Verde and *hose gyrent zbrozd,

The budget is broken down inte funds provided by the Denor aud by the
C e

A.  Funds nrovided by Donor

- Freecured in rocure
Ttenm Er 1’ i in Procured
Caye Vsrde ahroad
1;“§91ar oond conatruction coety:
. 2 .
Earth moving (1000 m? a2+ 200 C”E/mz) 200,002 CVE
Pond liner (300 m2 at 10 1S /n2) 3,000
Salt (100 tonnes at Looo cyn/tq nne) 400,060 CVE
Zeat exchangers. sumps, riring, diffusers L, o000
Tnstrumentation structures and ins-
tall=tisn 10C,00C ZVE
Wave suvressors 50,000 CVE
Miccallanecus end “nlati-n ¢ s¢ 10C,00C TVE 1. 000
Subtstals f50,000 CVR R.000
2. Instrumentation and -ontral:
Pyrancmeter (2 underwater, 1 atove withr
shadow-bar) 8,000
Contrel; data logping, treatment and
stcrage (Hewlett-Packari-1 B svstem
With HP-922% calcula“er, scanner. velt-
meter, disc drive. tlo*ter., uvrinter) 35.000
Instrumsnts for meacirement of water
oropar-iss (salini‘y. z2cidits, Aalgae
cont ﬂl turbhidity) 2,000
Flo iy oer, thazsrwosounles, anemometer 3,000
Strirp "L"rt recorder b.ﬁOO
Miccellanacus and infrat<on (159%) 7,00D
Subktorals 59,000
2. Transport and adaptation of
SOFRETLES motor and vump:
Trzrnesport 5,00C CVE
Material and parts 20C, 000 CVE Z,00C
Labor . 50.000 CVE
Professional parscrnnel 50,000 CVE
e ———— Subtsotals 205,000 CVE® 3,000

* Currency conversion made at 7G CVE = 1 USD



Ttem Frocured in Procured
Cape Verde abroad
L., Shipping, procurement
expense., taxes, duties
Ttems procured abrozd (17%) 12,000
Ttems procured in Cape Verde (7%, 85,0C0 CVE
5. Technical 2ssicstance and
visit to solar wnond cenvers
Salary (%0 working days x 250 Ush/day) 20,000
Per diem (100 aavs x 40/day) 4,000
Air tickets (2 U.S.A. - Cepe Verde) 5,000
Two trips abroad from Cape Verde:
Adir tickets 5,500
Per diem (7100 days at 75 USD/day) 7,500
Suktotal L1,000
Totals , 240,000 CVE 122,000
Total contribution of AIL 141,000 USD_
B. Funds provided hy Governmernt Cape Verde
Ttem Procured in Prccured
R Cape Verde abroad
Chief of project | based nn 32% o 1,200, CVE
Projecl assislant | time ‘urir h bOO.JCC CVE
Rezearch technician | years of p jec Lo, 200 CVE
| tion
Equipmer: and workshov facilities 400,000 CVE
Land (200 sguare metevq\ Lon,n00 CVE
Subtotal |3,00C¢,000 CVE
Project Admirnistrstion (20 %) 600,000 CVE
3,600.000 CVE
51,000 USD

Total contrihution of Cape Verde

\Q/
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Equipment ard mzterials for Phase T

To be purchased ir Cape Verde

| Unit price‘[ [
Ttem . . ~Quantity Amount in
i : b I , - ! T :
| No. | Articles or Services Cost Per | CVE
.( - -— e ————
p - . . i :
vo -~ Stove building tccle (stene ! !
! workirg, stc.) 2ach set cor- {
: sisting or srevel, hoe, picxk, ’
- hamners, trzvel, etc,) 5 2000 | set 10,000 ,
| | H
| | X
|
2. Cement (bag) 20 250 | bag 7,200 :
' |
. ' i
3. Iron bar lapprox. 3/4" dia.) 100 150 | m 15,000 !
| ! '
4. I Cooking pots and utensils | { ‘
(varisus) i 50 | 200 : ea 15,000
| :
3. |Iron shest (approx. 1/2n i g ‘
thick) ‘ 15 i 500 ¢+ m2 7,500
| |
5. discellaneous material , | ,
(ccrews, nuts & bolts, etc.)! ! 10,0C0
. ]
- . i
A Zguipment for clay construc—,
tior and firing ; 50,000
. ! !
CONDITIONS OF PAYMENT: l !
i fundc to the Project Leader |
who will purchase items i
lecelly and account for
vurchases.
! Total 114,700
(35L0 USD)
4 e e e e b —_— Jg—



for Phase T
ahroad

Ecuipment and materials
To be purchased

Amcunt in

Articles or Services

Quantity

Unit price

in

JED

USD

It . .
Multimeter with

f
!
!

. models

lezds. batteries
similar to Fluke prcfessional
which are
- portable
- mezsure R.V.I (a.c. & d.c.)
cver standard ranges
- have preogper reference for
thermoccunle use so +hat
termperature can be measured
Immersible thermocourlcs for tem-~
Ferature rangze 0-1207C., Must
ne corresion proof Zacket suit-
able for soft cr salt water, Must
work with item 1

navsa

Balance for field use
brproximate range:
50 kilograns

- +
Accuracy: I 59 grams
Portzhle: Spring type acceptable
if re2quired accuracy can be attaina-
ed

100 grams to

Orn2 liter calibrated 2tainless
steel me2asurement containers
Accuracy of calibration: 10 cl.

Pressure cockers of various types

Subtotal

rrocurement sh nce

(50 %)

'U

aping, insura

[V}

[§V]

120

Lo

Lon

—
v
N
O

*N
"N

0
[0




List. 2. Centr=l Laboratory Calitration, Rerair, Data Handlinsg Eguipment

T
Item: . . Init pricejAmount in
i Articles Quantityf it EF2CE u
Mo, | Cost ver|UsSh
i P
!
b
1. ' Desk computer 1 10,000 ea) 10,000
I !
2. Repair and calibration instru-
,merts L 10,000 snti 10,000
) f
5. Files, cffire equiprent 1 5,000 set, 5.0C0
Jubtotal | 25,270
|
Shirping, packing, purchesing
(60 %) 15,000
i Total Lo,200
For five field stations and 2 sets of spare field stations the total
equiprme:nt cost would be:
List 7 25,020,
List 2 (x7) R8,L20.
List 3 LG, 000.

Totzl (211

XY



Travel and Technical Advisor Costs - Plkzse T

Travel: Supervisor to travel to inrroved steve
projects in West Afpica for one rionth,
per diem

air tickess

Alr ticket, foreign technical advisor
Fer diem and¢ calary, foreign technicsl advisor

Total

Facilities
bttt

Space for outdcor construction andg tegting
Indecor spesce fer Storege of eyuipment (20 m2

Salaries
oot AES

AssiSLEnt—:onstruction
Assistznt-user

Transrortaticn

Transportation tetween Fraia and Rural Extens-or
~

500 m2)
\

Cost (USD)
=08t (UsD)

2,400
1,000

not determineqd
not determined

ot determined
rot determined
not deierpired

net deserminad

o
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List 2. TField stations Measurement Equipmernt

} ]

Item, ' Unit_price!Amount in

1 l
1 | 1= 3 4 —_——
1 Articles iQacntlty —5 L
No. : Cost | per 18D
1. . Trermonile pyranometer (same as 1 of. f
S List 1) ; 2 1,400, ea 2,300,
11
! ,
2. ! Electronic integrator for daily i ‘
totals 2 1,500 .0 ea 2,NC0,
j ‘ f
2. | Shadow bar (same as & of Lietn) 1 1,200, ea 1,200,
b, Cable (same ag List 1) 2 20, =z 100,
5. | Campbell-Stokez (same as 7 of ' i '
List 1) 1 800.| ea - 300,
|
Suttntal I | 7.900.
Pl
,Shipping, racking, purchasing }
(6(’; f‘/é) ! t b-"?u()'
!»Total ' , ’ 12,6bk0,
i . : |
1 . —— : 4

the central laboratory must previde fer ca 2
r d=ta ccllection, reduction, =storsce and reporting,
of such ecuipmert is given in List 3.
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List 3. Central Laboratory Calibration, Repair, Data Handling Equipment
item . . .
Yo Articles Quantity Unit price|Amount in
’ Cost per |[USD
1 Desk <omnputer 1 10,000 ea 10,000
2 Repair and calibration instru- 1 10,000] set 10, 00C
ments
3. |Files, office equipment 1 5.000[ set| 5,000
Subtotal 25,000
Shipping, vpacking, purchasing
(60 %) 15,000
Total 40,000

For five field. stations and 2 sets of opare field stations the total
equipment cost would be:

List
Tist
List

[x A\
.

(x

‘W

Total (all equipment)

25,920.

- 88,480.
_40,000.

154,400, 1SD

)



APPENDIX G. IMPORT COSTS VERSUS IN-COUNTRV CO3TS OF A FEW RENEWAELE
ENERGY SYSTEMS.

When considering introduction of renewable energies tha question »f
production of equipment and materials in the ccuntry is of great im-
portance. It is obviously ar advantage if a zignificant rortion of the
equipment can he manufactured, or at least assembled, in the country

and even hetter if the basic materials can he reound locally, We shall.
in the following. make a “ew estimetes of yortions of different syssems
which could be manufactured or assembled np the country,

Photoveltaic systeme:

Currently costs run abeut 30,000 USD for = one kilewatt (

The photovoltaic panels are 10,000 USD at the factory, T ‘ :
20,000 USD is the cost of the BOS (Balanze of Sysiam), 4 large part of
this is installation and assenbly. We do not %now much cap

locally but the opportunitiss for acs embling and installs
At the moment the cssgts are lar mport costs, In
all assembly and inztallaticn w ne in the courtr
perhaps 20 % of the cozte in the country,

o+ i

Salt gradient =olzsr ponds electricity g2nerating rysteps:

. Coreider a solar pond of sire 1 square kilometer with = rated
power output of 5 MW¥. - Following section VII-2,and breaking the cost
into imported and local costs we have, '

Izoorted " Local
Pond liner (5 USD/m2 x 1.1x 10° ma) 6,600,000 USC
Salt (9.7 tonne/m2x 10® m2 + 20 sp/ -
tonne) £ = 14,000,000 113D
Earth movirg (2 USD/m3 x 10° m~) 2,000,000
Materials, vives, etc. h 500,000
Labor AT
Power plant labor SO0 000
Power plant equivmant 6.500, 000

2,690,000 UED 18,002,000
Import costs are 43 9 of the total, local ccsts are 57 % »f the total,

Water pumping windmills:

Water oumping windmills can be consfructed almost entirely in C:pe Verde.
In fact JOPENAVE is ouiiding windmilis for the USATD Renewahle Frnargy
Preoject that are constructed. excep® for purczhesed bearings, entirely

in Mindelo. That includes casting and machining gears ani making the



brass pumps. Therefore the only imported costs are for st2el, brass,
nuts, bolts, bearings, etc. One would have tc ask JOTENAVE for an
accurate cost breakdown. However, one might guess that about 10 % of
the cost would zpply to the imported parts.

Wind electric generation:

Due to the small market it is unlikely that wind electric generators

and auxilisry equipment will be manufactured in the country, Therefcre,

the local cost componeut will be limited to nerhaps tower coastructicn
and wind machine installation. This could be 20 % of the ~osts.

These results are summarized below:

Import cos*ts In country costs

Wind water purps (ruessed) 10 % Q0 %

Salt gradient solar pond electric

system Lz 57 %

Wind electric genesrators (suessed) _ 80 % 20 %
Photovoltaic systems (present) 95 % 5 %
Photovoltaic systems (future,

guessed) 80 % 20 %

We apologize for %he "guessed" category. However, it is uzefal for
compariscn with those items which sre better know. It is evident
that wind water pumping has the lowest percentage of imyport ceosts
followed by solar pond electricity generators and finally the noorest
will be wind electric and vhotovnltaic systems.



