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IMFORTANT REMARE ON ABRSOLUTE VALUES

the =sclar data as reported may e worng by up to 36%,
because. the accepted reterence has heen found to be 36%
low & months atter the last obssrvations.

Thus irradiation figures as reported are low in
fable S.1 Figure S.1 to S.2
Bl
9.3

the efficiency figures as reported are high in

Vable .4
5.5

S8

5.9

It is not known which correction factor must be applied.
S0 all irradiation related tfigures are retferred to the
Haermi #1 sensor.

Urnly absolute values are attected, comparisons between
figures i the study remain valid.



AL LERATION OF THE SOLARIMETER

1t is known that semiconductor sernsors reguirs a  yearly
recalitration  in cases where accurate conparisons  are
merie, i addition, Haenni in & formal commanication of
May 1986 indicates that some of the garlier Solar 119
meters  "had given troubles in meeting the reterence  of
the World Radiation Centre (Davosi'. l.ater issues “are
more accurately adjusted”.

AFoainst  this  background it was very fortunate that in
the beginning of 1987 WSC-WRE gained access to a

Fipr pyranometer M1

which was caliprated in Ooctober 1984,

against standard CHM11 a000&5,

with Worlod Radiometric Reference,
to give .85 w 1O7e NV per W/m=,

ot global radiation.

This sensor  i1s mounted by means of 2 bolts with  1/87
diameter on a steel plate. the 3 levelling screws are
the only other contacts with this base, so that the zero
crreet  on hot days is expected to be negligible, it
feing  appreciably below the —10 W/m= which may occur
whiern the housing 1s in full contact with the base.

This sensor was connected to a
Modes 84 datalogger.

This logger guarantess & 0.9% rescolution and has  been
calivrated in December 198& at 28°C by means of an elec—
tronic voltage standard.

Ite zero reads one count, epuals 4.9 W m™ 2, during S04 of
the time. The amplification i1 correct, because the
.95 mV  corresponding with 1000 W/'m® was essentially
gasier to materialize with the voltage standard than the
TEr Q.

The loogger scans the sensor every two seconds and was
arranged to integrate cover 00 data pointe, 30 mimates.
fhese Z20-minutes data remain available in the permanent
INEmory .

buring the calibratiorn run the Haenni sensor was placed
o the same steel plate as the Kipp sensor. The body of
the Haermi sensor is in contact with the steslplate over
roughly 50,25 om®. thie corresponds with the situastion
during the field ocbhservetions where the sensor was
placed on the flange of an aluminum angle bear of Scm o« 5
Cm. Mo temperatuwre measuremernts were made during the

ra



calibration run, but 1t is krown that the temperature of
the photocells on hot days run betwesn 60 and 639C,
Thus 1t 18 accepted that during the calibration the
senaor temperature was not more than o59C.

The location is near ideal: the horizon is  everywhere
very close to 902 zenith angle. Exception is a 10° wide
spctor  to the West where hills at more than 200 meters
distance rise some 3° above the horizon.

The observations were made at 30 minutes intervals syn-
chronously withh the gquarts-contrcolled fiodas 84 clock.

The data are given in the table. Bt & occasions it was

not possible for the observer to maintzain the 20 minutes
schedule.  Longer intervals were then accepted.

A limer curve fit, v = & + B x, gives tor 19 points
= }.362

0. 004
0.798

S T
B

4

The conclusion is that now

the Kipp readings are 36% higher than the Haenni,
the linear correlation is very good,
the Modas zero is ome count too high, 4 W m—=,

This correction has NOT been incorporated in the data
pt the +ield obssrvation or their evalustion for the
sollowing reasons.

i. e may  suppose a gradually  increasing  deviation
fromw the ideal response due to aging of the sensor.

it i rmo longer pessible to reconstruct this
devel opment.

m
fi

m

2. the hypothetical aging process is not visible as
tremnd of the irradiation date. The time series i
whort, but a 30¥% change could still ke visible.

i

i

. the aging process of the sensor may have been acoce-
lerated due to the particular mounting. The back-
plate of the sensor was conrmected to the flange  of
the angle bar by means of epoxry.

4, at the time of the reporting the voltage stamdard is
not avallable to check the calibration of the integ-
rator.
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Comparison of Haenmi #11 ve. Kipp #3232

ey

Date }ime Heaenrd #1311 Fipp #2272
# y
(kb m— =) (kWb m™=)

21 Feh 1387 8:40 - 9110 0,24 0.294
P10~ 11010 1.22 1.474
11310 — 11040 .16 0.5312
11240 - 12010 0.23 0. 347

R
o
a

213

25 Fek 1987 12210 - 92010 (=

2910~ 91440 V.2 0. 322
Fa40 - 10110 LU O, 392
10010 - 10240 O D327

QL4644
0. 32487

10240 ~- 11210 O
a1 — 1312490 0.

R RS
AR IR 1

11040 - 2010 0. bé D.6871

2210~ 2180 0. 08 (RR TN
ZIi40 - 310 0. 05 O, 052
2210~ 3280 0,04 0. 052
3040 ~ 4210 O, 044 O, 047
24 Feb 1987 G210 - 4510 0. 36 0. 281
gr310 - P10 Q.35 D.477
G0~ 2140 V.25 D.297
P40 ~ 11510 V. &S V.17

Fippe #22 readings are 36% higher than Haernni #1t.

L
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Frictocells for Village Water OSystems

Introduction
Backaround

The countryv does mot avail of large traditional  energy
SOUNCES. With i1ts location between roughly 929 and 285<
latitude seolar energy irradiation is high and  rather
evenly distributed over the year. Thus the sun may be &a

s Ce ot energy +for  obther tharn  only riologicsl
applications, Clouwds reduce direct insolation bul may

increase the oiffuse one. This effect may vary much with
local conditions, because convective cloud tormations
atrfect certain speots more than others.

The network of selar observeations is rather thin, 3 or 4
stations were operational in the country in 1982. Thus
the splar irradiation map is insufficiently detailed for
actual investments. This irradiation map should ideally
contain  intormation about the temporal distribution of
intensities because the efficiency of certsan  aspplica—-
tions may depernd omn this intensity, Small installations
may indicate the ecomomic value of & given detail of the
irradiation map.

The advernt of photocells made the conversion of  irea-
diated energy technically possible. The predicted
decrease of the price of these photocells points to &
possibile new source of energy which has the gresat advan-—
tage to be remnewable. Thus the idea ripensd to acquire
practical experience with some sclar  energy systems,
especially in terms of usable amounts of energy where
system’s response depends on threshold intensities.
freoctdance of storage of electrical energy will require
the storage of the +inal prodoct. Some practical expe-
rience with the storage volume needed to asswre a
uninterrupted supply, 15 then desirable.

These general ideas have beern copbined in & practrtical
application: water supply for small commanities of 1000
to 2000 people.

Yillage Water Dupply

The location of villages is not always determined by the
availabhility of sufficiernt drinking water. Whers &
spring is situated at the riaght place, gravity can be
veed  as  source of energy to transport the water  from
source to user., Where distances are not too long, water
can  be hand-carried. e encounters also & further
developmnent especially when distances are longer than 3
kilometer: motorized transport of water containers, from
20 liter-cans to tank  brucks. The wltimate system



consists of transport
motorized pumnps. tar
some 10 to 20 m® waher
ported between 1 ard
which phobticelle can
sconomis way., when gra

The order
tiormns 1s less
dymamd ¢ head of Z0
day, some 4 million
distributed over
requires about &50

thian

of magnitude requirements of such
1000
meters
joules
4 howrs
W instal led
B0 energy conversion by the pu

arnd distribution pipes fed by
rticularly villazges which reqguire
per cay which has to be trans-
EZ km oseem to e commuanities  for
supply the required energy in  an

vity cammot be utilized.

irnstalla—
Whern one mamely assumes  a
20 m® water delivered per
are needed. This energy when
of daily effective sunshine

POWEr #SSUming ag&in &
MLt

W,
and

In this s#zrnalysis only basic fresh  water reguirements
have beern considered: 1D liters per head per davy.
Availability of water {for bathing and  washing is
presupposed. This may be brachkish surface water.
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Baserd on  such general idess a project proposal was
composed to collect the informaticorn which 15 necessary
to optimalirze the system’s design. Although the data
collection was centered arowmd & water supply system, it
is  thought that such of the information can be used for
other systems too.

The Memorandum of Agreement {(dated 06 September 1283)
enpresses this in the following way:

a. To determine angd assess the suitability of uwtilizing
50 ar —powered pumping  systems in providing the
water needs of & rural community.

b, o drmstall and momitor the performance of a water
sysbtem uwsing a solar-powered pump  in & selected
rural site.

e o gather techrno-economioc data necessary to optimize
the array size, capacity and reservoir volume  in
terms of guantity and time-distribution of sclar
emergy supply amd water demands.,

e To study the social acceptance of a solar system.

This Memorandum was based on the Froposal which used the
following summary in 19792

It is proposed to install a small watersystem for about
2,000 peocple. The system consists of a well, a0 UM
which is powered by photovoltaic cells and huf+wred vy &
groundwater reservoir, & 3 km gravity-fed transport

mipeline and two or three public favcets. B back-up
power system, consisting of a 2 to 3 kKW engine~driven
electric generator  fLogether with & power conditioning

unit will alsco be instaliled to provide the electrical
power to  the motor/spump set whenever the FV system is
not viable to deliver the reguired daeily water supply.
The PV system can be rendered useless or inadeguate  in
case 1t breabs down or whenever poor weather condition
mrevails respectively. his pilot  installation will
provide the data which are necessary to optimize the
array size, pump capacity and reservoir valume in terms
oFf guantity and time-distribotion of solar energy supply
angd water demand.
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the eqguipment sterted arriving in May 1984 and  the
svatem was operational on &7 December 1984. The site is
barrio Foo on Olango Island., Lapulapu City. See Fig.d.1.
Duwing this long gestation period the &imse as  described
i the HMemorandum of Rgreement were eqdpressed  din the
threse +following areas of interest. This reftormolastion
was  strongly influenced by the edperiences with 2 other
similer installations in Langtad and Tinaan, MNaga. Cebu.
See Figure 2oi. Theze systens were sponsored by  Shell
Fhilippines and were operaticnal in September 1283 and
ABroril 1984 respectively. The aims and tield operations
caincided sufficiently so that for report and svaluvation
the 3 systems are described together.

The Amcunt of Usable Solar Erergy and Itse Time Distribu-
tion.

It has been observed that soms FY pusping systems do not
produces any water when the insclation internsity is below
a certain thresheld expressed in watts per soueare meter
i om=) Qther systems may have similear thresholds of

pperaticon, s it was considered interesting to evaluate
the dzily time distribution of the irradiasted power.
Fhe non-utitization of low power snergy s typical  for

centrifugal pumps. dack  pumps and other  mechanical
devices may also mnot develop a sufficient torgus  under
low power conditions. For co-generating AL systems it
may  be interesting o know how mach can e gained by
utilizimg the low power enerqgy. Batteries can be used

te beoost starting torgues, but they are an additional
investment and operational espense.

The time distribution ot the supply of energy over ihe
day and over the month may help to adiust the storage

ot energy or of final proguct)  to specific local

conditions, A mournkain range westward of the site may
cauwse afterncon cloud formaticons  which effectively
intercept the irradiation from garly atterncon on. it

1s not known to the researchers in how far this convec—
tive clound formation has been studied, especially in
relation with the interception of direct idrradiation,
resp. increase of global radiation.
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The Efficiency of the Energy Conversion

Photocells have many poterntial areas of application,
because electricity may be considered as & high quality

type of energy. the practical applicaticon of the
Froject is pumping of drinking water. In order to make

the observations more generally useful, the generated
glectrical power was observed. This gives figures on the
gffticiency of the solar-to-electric energy transforma-
tiom. The obhservation of volume and head then shows the
etficiency of the pump-motor combiratiorn,

The Social and Ecomomic Acceptability

Although the swn rises  everyday with the acouwracy of  a
claock, - the amcunt of irreadiated energy fluctuates with
muach less predictabhbdiiity. It was considered practical
to obhserve the willingrmess of the users ho  adapt to
these +iuctuations.

In principle, a large storage volume can even owt such
fluctuations, but the coste are high, possibly urmeces-

sarily so. Iyy one location people are used to pay for
the drinking water. The recording of the flow of money

may indicate better &t what price photocells are econo—
mically viable as source of energy.
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Means

In order to evaluate available energy and pertormance or
efficiency of the systems the following observations
were considered necessEry. They are grouped uander
Irradiation and Efficiency.

Irradiatcion

The incoming  sclar radiation {irrediation) mpust be
measwred in its totality and in its detailed time dis-
tripbution. It was plamned to wtilize & radistion
recorder, which has essentially the same spectral  and
spatial sensitivity as the photocells. it proved to be
practical to make hourly obssrvations  of  power &nd
enerpy intensities in additicon to the recorders. Com—
plications arise when the sensor is placed in the plane
of the photocell array. These complications &re malti-
plied whern the array is movable to be able to track the
SUT. fhe time series provide the date tor size and for
response thresholds, the instantaneous values are uwsed
for the determination ot efficiencies, response thres-
holds and guality changes.

It i necessary to evaluate the drradiation observations
with understanding of the differences in sensitivities
between sensors and photocells. The maln paranseters are
directionality and spectral response.

Efticiency

One  may distinguish the foellowing efficiencies 0of  the
sifrerent energy transformations:

tfrom solar radiation to slectric energy P Enes
trom electric energy to mechanical energy ¢ Ecvms
from solar radiation to mechanical enerdy @0 Enm.

theoretically, Epm = Ene ® Eom, but the partial effi-
cienciegs are not always available. fAlesc the combination
of cheervational errors in such derived formalzs makes a
dirvect calculatiom of Enm preterable.

The observation of Ene te fundamental for any evaluation
ot photocell pertormance. It requiress

- instantanecus observations of irFradiation (W m= YLimes
the area of the photocells),

- instantanecus ohservations of closed circuit ne
voltage and current (Vee and lece respectively),

- eventually instantaneous observations of DC power {(Wee?
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In +ormaldal
Env # W m™#) u ares = Voo loe, resp.= Wee.
11 these observations must be made simultaneocusly.

The Evm is specific for the given application: PUmE L g
water. Its obhservation reguires;

— instantanecus punping rate 1n om® sec?,
- anstantaneous pumping head im imn,
- instantarnecus friction loss in piping in me,

Evm incliudes the pump properties, the pipeline lay-out
and evern the converter and 4C motor combination.

I tormulal
Evm Vece lec = J800 % im™ se@c ™) 3 My + fMie)d
Again, all observeatiorms mast be made simeltarneocusly.

the Ene #gain is specitic for the choosen application?
pumping ot water. ite observation reguires:

- antegrated irradiagted energy in joules ™% maltiplied
with array ares in m=, e irmtegration time may be a
month, & day, or shorter. /Bt one mirate simaltaneity
problems show .

- imtegrated volume of pumped water in m®, using  the
same integration periods as yor the sol&ar irradiation,

- average pumping head (ma, o) i meters,

- average tricticonal loss (e, av) 1 meters,

In formalal
Enm = tdoules m™=) o im®) = 2800 x 4n®r 2 {fim + Mel po.
Rpgain, &1l observations must be made simultaneously.

The pertormance of the panels and their possible change
ot quatlity can e observed with little additional
eftfort: irnterrupting switches can be placed in the DC
lines so  that instantanecwus valuwes of short circuit
currents  lae) and open circuit voltages (Veeld can  be
ohreerved. these values can be compared with the instan-
taneouws drradiation values and can give & plioctuwres about
panel pertormance against specifications or about panel
deterioraticon irn time.

Finzily, the panel temperature was observed together

with the v temperatwuwre, insclatior and closed circuit
currents to evaluate the manuracturers specitications.

11
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Social and Ecomomic Evaluation
Aeceptability

In order to gain information sbowt reguired dimensions
ot the system a survey was needed Lo count the number of

users, A mere reliable count requires some  kind  of
mappding of the houses. With wvery little entra effort

such map  can be used to estimate the distances from
where people prefer to go to the PV system as  compared
with the preference to go to available handpumps.  Hand-
pumps  are customary, s if a clear preference iz shown
for the PV pump, it may be explained as if the FV  pump
e considered by Lthe user as an improvement. The user
always has to count with the possibility that the reser-—
vrir may be eaplty on & rainy day, an eventuality which
does not. exist with the handpump.

The idirregularity of the sunshime can be egualized by &
large storage reservoir., Some educated guess lead to a
desigrn of & volume egual to 1504 of the average dsily
productionm which a&lso was more or  less gQuess  work.
Observations of the volume of water in storage can be
used to check how correct the guesses were. It should
be noted here that the uvsers undsrstood the operatiorn of
tie system guite soon, so that the use of water was
restricted  once the storage ran low and clouwds or  time
of the day did not promise new supply soon. Such
restrictions are not too severe, because on clowdy,
i.8. cool and rainy, days the demand for bath  and
laundry water decreases naturally.

Economics

In barrio Poo o Olango Island people were provided with

fresh  water by tricycles. The road runs around & bay
which is flooded at high tide. The distance along the
rosd  i1s abownt 2.9 ko, The charge for a 20 liters
container was FP1.00 at the time of the construction.
For obwvious reasons it was ot considered wise to supply
the water free of charge. A stromg technical argument
is that onn this island freshh water shouwld be used
judiciously. Ard  water will not be saved, 1if it dis

givern for free, Initially & price of FO.25 was agreed
for 20 liters, & price which was seoon raised to PO, 50,
Tickets are seld in a small store so that at the water
distribution poaint o omoney le required and  thus  no
problems will come up in relation with change.

As  the installation was experimental, it was not
considered fair to tabke the cash out the community which
generates it. It way kept 1n a bank account to prevent

loss and it will be used for improvements i the barrio.
In the meantims, the development of the bank  account
gives the hard facts of the economic potentials.



Implementation
The Installations

bue to =some steady promotional work and  some lucky
circumstances 3 solar powered pumping systems couwld be
evaluated. The systems are described in seguence  of
initial operation.

Langtad, Naga

In Langtad, an abandorned open dug well was drilled
deeper and provided with a cover. The site was choosen
becavse of its central locstion in relation with  the
USRrS, In addition, the well had served satisfactorily,
what lead to the conclusion that there would be  enough
water. A design pumping rate of 1 liter per second was
required to produce about 1D cubic meters water per day.
Aocwrsory  survey had shown that there were some 250
people  in the area, who use about 19 ™ per  day. It
turned  out that the uvwpper portion of the aguifer counld
ot sustain & pumping rate of 1 L sec™t, The lower
sandy formaticrn can sustain this rate very well. For
evaluation purposes, this situstion wes not tdeal: at
pumping rates smaller tham .4 L sec™* the water level
steadied &t 13.5 m below the surface while at  higher
pumping rates the water level dropped to 18.% m below
the surface.

A reservolir of 13 m~ could be constructed close to  the

well. The area &rourdd the well was fit for  washing,
etc. This consideration was important, because the

system would probably not stay. It could {and actually
tas beern) replaced by a standard handpuanp.

At about 30 om distance & field free from shade was
available for the panels. The electric line from source
to submersible pump was S0 m  long. This distance
betweer array and pump is not ideal, but was caused by
the given well locastion which i=s too shaded for  the
FY &Y.

In most actual systems it is expected that the well site
ig remote from the distribution point. Thus the shade,
preferred for a distribution point, will not interfere
with the openess which is reqguired for the solar collec-
tor areas.

lan ot the site is given in Figure d9.1. Figuwre 4.2
hows the circuits to measure the electric parameters.
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Specitications of the Fanels
marafachturer
materdal

L

Holeceol
monpcrystalline silicon

peak power W, = 33 W
open circutt veltage Voe = 18.7 to 20V DE
short, circuilt current loe = 2.9 A
dimensions Q.69 m 3 0,70 mn
Specifications of Lthe o&rray
7 panels in serieges, 3 series in paralleld
Wg = 593 W
Vae = 117 to 140 ¥V DC
lmec = 7.0 A
tiltt = 109, facing S5outh, fisxed.
Speciftications of Inverter
manufacturer : Grundfos
input voltage 2100 to 150 WV DO
vutput vizltage s 60 NV AL, 3 phase, 6 to 60 H:x
priwer DOIno0 W
short circuit protected
Specifications of Pump
manuf acturer T GBrundfos
type T submersible, 3 phase, 60 V AC
rambiegr of pump elements 07
capacity P ) L osec?
Head
static 178 m
puingi ng : elevation 17.2 m to 22.6 m
friction i) m te 1 m
total 17.2 m to 23.6 m
Volume of Reservoir 13 m™
Instruments
maltineter
manutd actursr o UNIVOLT
model t DT-84%  #01%
ranges PO to 750 0V DE, 0.2 to 10 A
50l arimeter
manufacturer + HAENNI MESSGERAETE
model ;o Solar 118
Sensor i #H01 installed in plane

reads

14

instantanseous
integrated energy

of  array
power W m™= or

b Wi

in
ir

m=



4.1.2

thermometer

marmaf acturer 5 COMAREK

model T 17320 A

sensor 1 » thermocouple taped between
back cover and photocell

sensor 2 : thermocouple in free air

watermeter in producticn line

marnaf acturer T EIWA

model ¢ BR 14042855

diameter 2 50 qun

capacity 1S m® et

watermeter in distribwtion line
marnufachurer LIBERTY
model LG
diameter 25 mm
capacity 1G m™ pr—t

2% #3 zu sn

waterlevel indicator (well)
manufacturer : Okt
moclel s FL S0

waterlevel indicator (reservoir)
float : Flastic buoy
readings s wT lapprostimate)

Tinaarn, Nagea

In Timaarn, & well was drilled in & thick sand formation.
The site was choosen because of its central location in
relation to the users., The location of the photocells
is at some distance because of shade. As in Langtad the
distribution point was choosen centrally in & shaded
location. The well was drilled in this place so that i+
the system would be taken ocut, 11 could be replaced by &
andpunp and the well further wvtilized. The design
pumping vrate was arbirarily choosen &s | L sec™* against
1% m head. The well cam sustein this pumping rate with
very little drawdown, ©O.7 m. Surplus water was partly
vtilized for irrigation of gardens with pepper, onitons,
beans., The distarnce between array and pamp was 20 m
which resulted in 100 m electric wire. This digstance is
the result of considerations givern to the well-—-users and
requirements of waste water drain.

] plan of the site i1s given in Figure 4.3, Figure 4.4
shows the circuits to messuwre the electric parameters.
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SZpecifications of the Fanels

manufacturer
material
peak power
open circuit voltage
short circuilt current
dimensions
Specifications of the Array
4 panels in series, 3 seri
We = Z1&6 W
Moo = 86.8 V DC
Twe = 8.1 A
titt 2 10°, facimg Sout

Specifications of Pump

manufacturer 4
type -
mocdel n
rmamber of pump elements
capacity s
Head
static H
P g s
Volume of Reservoir 13 m™
Instrumernts
mal timeter
maruf acturer
model
ranges
=0l arimeter
marmf acturer
mesdel
5 eSO

reads

watermeter in production
marnut actureyr
model
diameter
capacity

i6

instantanecus power
integrated ernergy

ARECO Solar
Single crystal silicon
We, 43 ¥
Voo 2.7
2.7

”

W DC
A

O . ROS

Imc:
1.2%7

a2l MM s

es in parallel

bve adiustable.

JACUZZI BROS.
sulymersible,
IZ 4" series
7
1

pO YV D

L

serTt

T.0 m
glevation

friction

7.0
O

m ot 7.7 m
m to 0.9 m

total

UNIVOLT
DT--84% #02
O bt 750 ¥ DC,

an z2 au

~

0.2 to 10 A
HAENNIT MESSGERAETE

Solar 118

#O2 installed in plane

of array/adjustable

i W omm= o

i kWh m—=

23 az awm

line

EIWS

BR 14062855
S0 mm

19 m™® fhr—t

¥ zu 3t am



watermeter in distribution line

mamuf acturey v LIRERTY
model T LMC
diameter D25 mm
capacity V10 w3 hret

waterlevel indicator (well)
marnufacturer s Of%
mudel » KL 50

waterlevel indicataor (reservoir)

float t Plastic looking glass
readings »oin om® approvimate)

FPoo, Qlango Island

I Foo, & reservoir of 29 67 was constructed &t the
distritution point. The well is at the other end of
1900 m pipeline., The well was drilled in the same gene-—
ral area from where the water was takern by the +tricycle

drivers., Here it was possible to keep the distance
between well and array short, 1% m. The pipeline had
to bhe non-corrosive because it would be in contact with
sea water over half its length. Polybutelernse was the
chpice. The pipeline is buwried, except for 400 meters
where it crosses a bay which is dry escept for high
floods. This stretch is weighed down by means of con-

crete blocks.,

The site plan is given in Figure 3.5, Figure 4.5 shows
the electrical circuits.

Specifications of the Panels

manrwf acturer SOLAVIRLT

material Polvorystalline =si1licon
peak power We, = 3H.6 W

open circuilt veltage Vae = 17.9 ¥ BC

short circuwit current Toe = 2.6 A

dimensions 1.22 m o» V.56 m

Specifications of the Array
4 parnels in series, 3 series in parsllel
We = 439 W
Voe = 72 V DO
7.8 A .
102, farcing South, adiustable.

i

lme

tilt ¢

Specifications of Fung

maraf acturer JACUZZI BROS,
type submersible, 6O V DC
model 17 4" series

mupber of pump elements
rapacity

a3 S% R3 AL Ix

-
4
1 L sec—t



L}

Head
static
pumpi g

Volume of Reservoir

Instruments

multimeter
manufacturer
ranges

sol arimeter
marnaf acturer
model
BETMSOY

a9
s

xu as

m=

38 a3 2w

S.8 m

glevatiorn S5.8 m to 6.1 m
friction 0 m ot 9 it
total .8 m toe 15,1 0m
BORS INSTRUMENTS

O to 90 WV DC, O to 12 A,

O oto D00 W
LI-COR
LI-200 B8R
H#O0

directly connected to Rustrak chart recorder.

thermometer
directly

watermeter
i ameter

watermeter in

diameter

waterlevel
marf acturer
model

waterlevel
float
readings

BT ovErvi ew

I3
-

connected

in production

indicator

indicator

ia

1

a
"

distyibution

thermocouple

to Fustralk chart recorder.

ine

:2)! .
line

1” -
)

ottt

Ki. S0

ireservoir)

s

o
a
-

of the techinical

Flastic looking glass
in m® {lapproximate)

data is given in Table 4.1.
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SUMMARY

Np. of Panels
Kanufacturer
Peak OC Power
Koduie Vo

Hoduie Isc
Hodule Peak Power
Subsersible Puep

area.

Panels

Sum of Cells

Exposed Sewi-
conductor

Total head

Pueping Rate

Hax. day prod.

Hin. Reguired
Insplation

fable Length
‘Storage Yank
fiverage Honth
Production
No. of People
fffected

LANGTAD

3x 7
HOLECSDL

893
16,.7-20 ¥
"depending
on insolation®
2.5

38

ERUNDFOS

8.4 a2

TARLE 4.1

OF TECHNICAL DATA

2z 40z 0.01 = 8,40 »2

0.74 » 7.56 = .39 W
[i17.2 to 2260410 to §)}

1.0} sect
24.2 93

360 # a2

Woa
383

49 &

500

*) gdue to restrictions on pusping tige.

e e e e e 4 e = e e = e et 4= o o8 = o o o= 340 e e P S e o e o e e m

ER IR |
ARCD SOLAR
b
21,5 - &
{21°~pie)

27 R

LR
JACHITE

4.46 a®
I2x J6x 0.01 = 4,32 &2

0.84 » 4.32 = 3.83 »
£7.69¢(0 to ]

£.01 sec™t
.88

120 % #72

100 »
13 3

542 &3

250

Jxd
SDLAVOLY
4B0
17 v
at (e

2.6 %

36.6 ¥
JACYILI

5.22 88

12x3% 0.01 = 3.96 8

.62 x 2.9 = 2,49 #2

[6.0 « 1) to 9}

0.8 31 sert
nI»r

150 W a2

AR ]
203

It is worth to note the differences between panel

photocell

The photocell ares
the ocbservations.

tiorn of

area and ares

{Suimn

12

af exposed

of Cells)

19

semiconductor.

e ww wm mm @ e mm e w e i we e wi e me wme me we e wm M e W e we = mm e e mie me e mm mew

Area,

used in the svalua—



of the differences of the systems.

Incations.

he

study is among cthers an

different instrunents wa
Kather ewarly in the operations some instruments mal func—
apme meters temporarily had to be ussd

S T

evaluation

ot

The absolute calib—

kricner.

Trhus comparisons between instru-

impertant in order Lo make the obhservations

4.2 Calibration
The purpose of b
ration of the
ticned, s=so that
in different
ments becams
consistent.

G.2a1 Calibration

cf Irradiation

Meters

The calibration was performed by placing the sensors

the different meters side by side.
the twe Hasnni

Table 4.2

Comparison of HAENNT #1 zond HAERNMWI #2

Date Time

Feb 18 B3

.
G
by

1
'

f]
‘o
=)

X~

k)
s

-
!
o~

L
=
-

iy

AP = B D0

88 £3 n3 43 sk 3 36 au S%
~
L
-
!

n

r
tw

19

2200
3200
3500

20

b

HAENNT

#2 #1
m~=) {W m™=)
70 78
103 1364
565 647
509 23
gaz Q99
8483 Q73
724 2838
33 4364
113 124
23] =8
377 420
A0S -98
TEO A4é
a2 750
D07 1035
4738 60
740 775
573 Y
348 392
122 110
234 g7
47 {27
&8 B4
713 795
806 329

tf
The observations of
meters are compiled in Table 4. 2.
HAENNT
Date Time g 2% #1
(W m—==) {W m—=)
12:00 8343 967
1200 813 40
2200 F7O a1z
e O A] &54
43700 362 415
S 00 105 2%
Febh 21 85 7200 o9 &7
800 IT70 {419
Q00 Gl 1) &59
10300 723 328
11:00 768 273
12:00 791 09
1000 648 H40
2200 131 154
X200 159 182
4500 162 213
Sa O 5 119
22 7200 & 49
B O0 153 172
Fi 00 314 264
10100 677 794
11200 8% 328
12500 777 207
3200 I77 374
2200 291 Z44

e mm mis wm M e mm m mm e ww mem mim e e me e mem e e e me S e wmm e e mem W e e St e e we mie me



Haenni #02 has beern used in Tinaan, while Haenmi #031 was
assigned to Langtad.

The Table shows that on the average Haennd #02 reads 12%
lower than Haenmi $01. The field irradisation values of
Tinaars have been multiplied by 1.12 in order to make
compari sons easier.

linear regression analysis gives essentially the same
esults

%

THOLY = 1,11 = (H0Z2) + 9.2
R = 00,9202,

In January 1987 the possibility arose to compare  Haesnmni

BO1  with & Kipp thermopile. The results are described
in  "Important Remark on Absolute Values'. Because of
the substantial differences this svaluation has been
inserted following the Table of Contents. The irradia-

tion as measured duwring the Project is 364 lower  than
this standard.

The comperison betwesen the Haenmni #0101 and the Li-~Cor
with Rustrak recorder was made by identifying smooth
porticns  of the track in the field and recording simal-
taneous Haenni #01 integraticons in kWh m~=, The identi-

fied tracks were later planimetered. The data are
compiled in Takle 4.4, The Li-Cor reads on the average
/% bigher than the Haenni $#01. For the comparison  of

ahservations the Poo values heave been used as observed
becavse of possible errors in planimetering.

e
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Table 4.4
Comparison of Haenrni #1 and Li-Cor
TIME LICOR HAENKNI
{(kWh/m—=) {kWh/m™=)

April 18, 1985 112100 - 13100 1.80% 1.91
1200 — J500 1.624 1.37
JIO0 - B0 1.022 0. 79

12 GO0 - 8100 Q.511 0,47
100 —10:2 00 0,842 0.8%
10700 ~12:200 1.293 1.28
12000 — 20400 1.594 1.464
2:00 - 5100 0. 202 0,97
20 GO0~ G100 0, 361 0. 28
B:0O0 ~10500 1. 055 0.4
10200 =12:200 1.9 1,53
12000 — 2000 1.113 1.08
2100 ~ 5100 D.541 0. 45
21 G100 ~30:1 00 1.564 1.19
12:00 - 2500 2.0484% 1.81
FII 00 - 5200 0. 457 0473
22 10200 —~11500 0,902 .88
12200 — 2100 1.119 0. 83
2IO0 - ZE 00 O, 702 0. 67
3800 — FHr D.277 O, 2
25 Ti00 ~ 500 1.029 1.94
FOD ~11500 S99 1.595
11200 — 1200 2.4 1.984
1200 - JF:2100 1.624 1.46
3100 ~ SO0 Q. 397 .32
26 TG — 9200 O.577 0, 42
FIOO —11200 1.5&4 1.6
11200 - 1200 2,023 1.72
1200 ~ 500 Q. 457 Q.36
JIO0 - d.”” 0. 331 D.24
) Tay ~ P00 O, 762 .38
FrOo) ~11200 1.54 1,755
11200 — 1200 1.380% 1.73
1200 — JTa00 1.624 1.44
[EOD - 5200 0. 7832 Q.73
o«
L Kaw )

e mem @ mte e el m W e et v e M e we we e e e e S M w e e e e e e e et M e e e mem e mem mte A Mt e e % e e e wee e



4.2.2

Check of Maltimeters

The multimeters have been compered with one so-called
laboratory standard of USC Physics Department, Fluke,
Model SBO00O0 A, sgrial RHROBOODTI7. The current and voltage
readings are tabulated in Tables 4.5 and 4.6 respective-
lv.

The field meter reads on the average 0.59 V lower than
=y

the laboratory meter. The current radings are .02 A
higher. These differences have been neglected.

H Table 4.5

; Compariscn of Current Meters

: Field instrument: UNIVOLT DT-84% #01
t

Lab instrument ¢ Fluke 8000 A

G e mm em we we

Vo Test Point nivolt Fluke }
{ (M) (R {
} !
H i D, OS5 Q.00 H
) 2 i, 10 0,09 )
) A Q.15 G. 14 4
} 4 U, 20 O, 18 '
} S 0.25 0,23 }
H & U H0 0,28 }
} 7 0. 35 D35 3
i a i, 40 Q.2 }
H 92 0. 45 0,472 H
} 10 Q.50 Q.47 }
/ i1 Q.55 0,52 }
! 12 0. 60 0,57 )
} 3 0. 65 O, 62 H
H 14 ' .70 O, 68 }
' por] D7D i3, 72 H
4 1& O, 80 0. 73 !
4 17 0.8%5 O, 82 !
! ig .90 i, 87 f
i 19 0. P90 0,935 H
H 20 1,000 0,97 H
4 }
; ___________________________________________________________ ;
~
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a L. xS

; Table 4.4 !
} Comparison of Volt Meters i
} File instrument: UNIVOLT DT-84%5 #01 H
! Lab instrument 7 Fluke 8000 A H

E )
) [
H N, Fluke thhivolt No. Fluke Univelt
} (VA (V) (V) V) H
} H
: i 1.00G O, F30 20 13. 00 17,660
} 2 2. 00 1.798 21 12.00 18,600 |
H 3 2.80 2300 22 20,00 19.470 |
H 4 S 00 2.780 23 21,00 20,410 H
; e 3,50 3. 240 24 22.00 21,200
! & G400 X 700 2% 23,00 2203700
! 7 a0 536 2 24,00 2T.200
} a3 6. 00 . 560 27 25,00 24,100
} 9 7 .00 &, 480 2 26,00 25,000
! 10 . 00 7.410 29 27.00 2,000
f 11 .00 8.340 30 29. 00 27,900 |
H 12 10,00 . 260 3 29.00 28.800 |
' R 11.00 10,190 32 I, 00 29.700
H 14 12,00 11.1190 I3 I 00 34,700
) 15 15,00 12,0030 34 40, OO0 39,000 4
) 16 14,00 3,870 35 [45, Q0 44,600 )
] 17 15,00 14,290 6 20,00 483,200 |
' i8 1é. 00 14.820 a7 55.00 DI.200 |
i 19 17,00 15,750 38 HO L D0 29,500
| !
} |

Comparison of Water Meters

The watermeters have been compared by conmecting them in
sSEries. It was possible to always mount these meters in
pipes which were straight over more than 10 pipe diame-—

ters before and atter the meter. In this way. turbu—
lence i1s exupected to have a negligible influence on the
readings. The observations have been compiled in

Table 4.7.

The conclusion iz that one has to accept am  inaccuracy
of the volume observations of &%.

The flowmeter connected to the recorder in Poo started

malfunctioning atter a Ffew days in the field.
Fecordings were apparently normal wup to 0.7 L sec™? flow
rate. Above  this rate the electronics seemed to  be
catuwrated. Local technicians were badly handicapped by
the lack of detailed diagrams. Repeated requests for
additional information were not answered By the

supplier.

24



4.3

Table 4.7
Comparison of Foo Flowmeters

[ T ey

; Pumpsite meter = X i
} Tanksite meter = Y {
: |
i KReading X Y !
! M=) tm>) {
! !
} 1 0. 43 . 4936 !
{ 2 0.4244 0,422 }
) 3 0. 6095 V. 6ET5S }
! 4 0. 5789 L5537 {
} 5 0. 7853 0. 8155 !
i 1) 0. 4628 Q. 4603 }
} 7 0. 3577 0, E754 ;
i a 1.2327 ,Jnéq !
{ 4 O, 5932 39T )
| 10 Q. 4420 ~.44gc !
| 11 0. 4935 0, 50256 |
} 2 0.4877 O, 4273 {
! ;
H

It i1s clear that in situstions where comparisons are
made with the intention to distinguish betweesrn sites and
between systems, it becomes very impowtant to select
meters which will nat  add a few poorly defined
variabhles, This condition becomes more urgent where
differences of not more than 10% can be expected. Such
amxll differences are important given the relatively
high imitial costs of the systems being studied. Thus
gither the meters must be very stable, a property which
is not claimed by manufactwers of idrradiation meters
with semiconductor sensors, or a stable standard must bhe
readily accessible. The acguisition of two Eipp thermo-
piles has satisfied this last condition, but  somewhat
late in the Project.

Operations

All systems had a local operator who was instructed to
make a number of observations on o an howly basis. In
Lanptad and Timaan one person per site could perform all
the functions edpecially because there was no  detailed
control of the comsumption. in Foo the payment of the
water reqguired a collector besides the operator who made
phzervations at the remote pump site.

USC—-WREC  provided about twice per month a supervisor who
made additional and more precise ohservations in
addition to a general inspection of the installations.

rJ
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f4.5.1.2

Imsolation, Inst.: instantanecus irradiation

-

the solarimeter permite this reading in W o™=
Insolation, Cum. ¢ accumwlated emneroy

the solarimeter integrates, thus the difference

between readings is the energy in kWh o2 collected in
the time interval under consideration.

electric guantities

Volts, Amps: Vee and Jae from which electric power is
calcul ated,

Flow Readings: watermeter readings

the watermeters integrate, thus differences between
readings indicate the volume over a given interval.
Orne  meter registers the production, the other meter
gives tLhe consumption. Two meters are necessary
because pumping continues, even whern the resgrvoilr is
full and overflowing. The production meter gives the
information which is needed for the calculation of the
efficiency of the pump. The consumption meter gives
the date to armalyze the consumption pattern.

Ternbk Vol.! gage reading
Although mot  very acouwrate the level gage of the
reservoir is & crose check of the recording of the
watermeters. its mairn purpose i1s to warn when storage
runs low on a clondy day.

Temperature
the temperature of the panels and of the air event-
nally indicates the temperature dependence of the
ENEriy Conversion.

Depth

water level din the well bkelow the measuwring point,
erpressed in neters.

The Superviaor

The supervisor made on the average twice per month  an
artlditional set of observations in Langtad arnd about once

per  month din Timaan. These data are considered of
higher oguality, but they also constitute a cross check
on the operator®s performnance. An edample is given  in

Figure 4.9.
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Notes geven on clear days the short term variations of

irradiation are remarkably largel 10% per 30 spc 1g no
exception. Thie fact has influence on combinations of

instantanesous readings:  the potentisl arnd current read-
ings  canmot  be made exnactly  simultanenusly  with  the
itrradiation readings. The result is a spread in the
efficiency values which hopefully averages out.

(perations at Foo

The Operator

Due to the distance between the well and the distribu-
tion point two operators were needed. One operator made
hourly readings, see Figure 4.140. The description of

the different items follows on the next page:s

Figure 4,10
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depth water level below measuring point in meters

voits F closed circuit voltage
acC oren circumt voltage
ampere H closed circult current
3C short circwit current
watts reading of a DC watt meter
remarks there is indicated when the pump is  discon-
nected.

This column  has frequently been used to
record the instantaneous solar power and the
accumpl ated solar energy in W m™=, respect-—
ively kWh m™ = by means of the Haenmi  Solar
118 H#01.

The Water Distributor

The other operator recorded the water meter and  the
water level indicator of the reservoir, see Figuwe 4.11.
This operator collects the tickets as payment for  the
water.

Figure 4.11
WATER DISTRIBUTION HOURLY DATHS SHEET
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Data amd Interpretations
Usable Sclar Energy
Irradiation

In Langtad the sensor was mounted in the plane of &
panels which has & tilt of 10° pff Lthe horizontal. Th
panels wereg in fixed position.

In Tinaan the sensor was mounted in the plane of  the
panels which has a tilt of 10° off the horizontal. Thie
three arrays could be adjusted Ffor manual  tracking.
fccording te the cosine law full tracking stould result
in 36%4 more irradiated energy. The increase in air mass
in  the early morning and late afterncon redoces the
Datria.

Hille towards the west of both locations intercept  the
s after 5:30, when not much useful energy can  be
tolliected  anyhow. Afternpon clouwds over these hills
intercept & more sigunificant part of the theoretically
available sunshine.

In Poo the arrays were nmourted as in Tinaan, but  the
sensor was placed horizontally. The stripchart recorder
produced curves in squares aboout 90 mmo o2 SO mm for obe
ey a The resolution of these graphs is too small  for
anytiring else than semi-dguantitative analysis,

From the observer’s records the daily observed idirra-
diated energy in kWh n™® has been tabulated in Table A.d
Monthly averages have been calculated, see Table S.1.

The tracking irm Tinaan was manual. Spot checks showed
that the observer was faithful up to  80%. Instrument
fartlures limited the possibilities of concurrent obser-—
vations in Tinzan, Langbtad and Poo.

The Fiwed Langtad configuwration was preferred f o
irradiation obhservations, As A result the Langhad
series is nearly complete, but the Tinsgan series, which
started in May 1984 only, shows many gaps. March 1924
had all solarimeters out. August 1285 shows an erratic
behavicor of the solarimeter. The Poo data did  not

permit correlaticons of time series, but a number  of
individual days have been compared.
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Table .1
Average Daily Irradistion and Production
Summary of Table &.1

LANGTAD TINGARN F D0
Mot h Fadiation Production HFadiation Production Fadiation
kNl m—=) (=) (kW m—=) (M=) (il m—=)
Moy 1983 AN
Dec 1983 L2 &Ho B
Jar 1984 .S 10.6
Feth 1984 .48 11.73

Mar 1984

Apr 1794 5.0 17.7
May 1784 4.7 16.48 T.5 25.8
Jun 1964 .8 13,0 4.2 22.0
Jul 1284 4.1 14.7 4.5 23,0
Aug 1964 3.7 2.1 4.4 21.5%
Sep 1984 4,3 1Z.6 4.9 20. 6
flct 1984 3.5 11.8 18.3
Nov 1984 4,0 14,4 21.8
Dec 1944 3.3 11.4 17.4
Jarn 1943 .4 2. 18.2 I T
Feb 1985 4.4 17.1 2T.0 4.9
Mar 1985 Tatd 20.0 Sl 12.7% 5.5
Apr 17289 4.6 18.2 12.5% 5.1
May 1235 4.1 16.0
Jun 198% I. b 13.1 E.7 3.9
Jul 1985 3.5 .4 Z2.8 20.5 4.3
fAug 1985 24.9 4,4
(ibservation

Rverage: 3.9 14.0Q 4.6 iQ.1 4.5
lﬁ“MDﬁth

frverage: 3.1 15.0 20. 49

{May~April)

o * B
e e e M o, BE ae bw we R v MR B me e e we e e MR mis e mem mhe W i e M mm e e e e s waw e e

v e ot B St s Ao oo e ke S o AhS S bty sarre P Y s At o st st o o sames Seras S S e ot Sotm iy e e S Sron e (eeis S Sotan s S HeR Sy e e shums e shrme T S T oo e S Sy e o brmen g e ot S g ey st o

¥ Only 2 out of 3 Tinasn arrays were operating
4 Y )

M.B. Radiation values are probably low in Tables S.1, S.2
and 5.3,

— e e e



In the period of obeservation, November 1983 till Aungust
1985, the daily average irradiated energy fluctuated

betwesn  O.1 kWh o=, 16 Jamuary 1785
and 6.1 kWh =2, 2 Ppril 1984

the daily irradiation, averaged over a month, {fluctuated

between 3.2 kWh o=, December 17983
and Tl kWh w2, March 1935,

the average daily irradiation between May 1984 and April
1985 is 4.1 kWh m—=,

Theoaretically, orne might expect in firvst approdimations

average duration of irtadiation 12 hours/day,
maximum irradiation 1000 W om—=,
mesvimam irrvadietion/day tcosine 1aw) 7.7 kWh m=,

The clouds and the larger—-than—one airmass early and
late in the day are responsible for the fact that the
average observed wvalue ise about 50X of the maximum  as
calcul ated above.

Mo attempt was made to determine if this period had  an
average cloudiness, or not, as observed by the meteoro-
logical steation of the weatherburean in Ceba.

The effect of tracking in the 8 months where the data
allow  comparison, shows an  increase of 114 of the
irradiation on the plane of the array.

The monthly totals, which are derived from Table A.1,
are compliled in Table S5.2 to give an impresssion of bow
mach  energy is received per square meter. The Langtad
whbservations show that & soguare meter received an
average of 120 kWh per month with & mirdmam of 100 kWh
{~-17%) and & maximam of 157 kWb (+321%).

S2.1.2 Time Distribution

The irradiated energy per sguare meter was observed 10
Lanptad and Tinaan every hour., The hourly readings of
Langtad are given in Table A.2. The hourly readings of
Tirnaarn contain many gaps because of malfunctionings  of
ore o the other of the available scolarimesters. Also
the not-perfect tracking caused urreliable points. Thus
the Timaan hourly data have not been pristed.

e
P
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LANGTAD T TN/ AN ]

Morirth Radiation Production Radiation Production !
kil m—=) im=) (Wl m—=) {m=) )

Nov 1983 109 '
PRec 1944 100 197 )
Jarn 1784 107 D30 !
Fety 1784 101 328 !
Mar 1984 !
PPy 1984 149 5a2 }
May 1984 147 Em22 175 799 i
Jur 1964 113 3P0 126 H59 ]
Jul 19284 126 455 140 74 :
Aug 1984 115 37 136 b6 !
[ep 1784 128 469 146 619 }
Oct 1994 103 36D 967 H
Nov 1984 119 431 LT3 ;
Dec 1984 103 354 539 |
!

Jar 1985 105 w8S 5464 }
Feb: 1985 124 430 117 H 485 !
Mar 1985 157 619 164 HOF % !
Apr 1985 VA7 545 % H
May 1939% 129 497 *# !
Jun 1935 107 A3 111 D17 !
Jul 1285 109 316 119 &35 !
Aug 1785 772 i
Dheervation :
Average: 1240 425 124 642 )

!

12-Month :
Average: 1323 /449 642 }

May-—frril)

Table 5.2
Total Monthly Irradiation and Production
Derivation from Table A.01

N mem ——

* Only 2 out of 3 Tinaan arrays were aoperating
®¥¥ Punp malfunction in Tingan

A summeary of the monthly averages of snergy which is
irradiated idis given in Table .35, In the column wider
€.0. 12 is recorded the difference betweern the +two
readings of collected ernergy at 12000 and 115200 respect—
ively. The value marked uvunder 7 represents the energy
which is irradiated from 5300 until  sunset of the
previcus day and from sunrise till 7700 of the running
day.



The distribution is definitely skewsd towards the
morning. This is different from a temperature distritbu-
tion. The reasons are cClear: first, 1the irradiation
measuremernt ie instantanecus while the air  temperature
follows the soil temperature which in its turn lags  the
irradiations second, cloud formation is most of the time
arn afterncon affair. 6 tentative conclueion is that when
no ideal site carn be leocated, preferernce should be given
to & wsite which is open towards the east in order fo
catch the morning sun.  The monthly averages are repre-—
sented 1o histograms in Figures 5.1 and G044

it is also important Lo rmote that the average hourly
maximam 1w only 704 of the theoretical maximam value of
1okbh m~= as derived from the madimam irradiation  power
which i1s 1 kWh ==, Clouds are responsikle,

{ Tabie 3.3

! fhverage Hourly Irradiation
} {kWh 872)

; Langtad

} Sumpary of Table A.2

Honth/ 7 8 9 1 1 12 23 4 §
I

i Time

i Feb 1984 0.04 ©0.12 0.26 ¢.40 0.52 0.50 0.54 0.44 0.38 0.20 0.10
i Apr 1984 0,08 0.22 0.45 0.61 .69 .73 0.68 0.68 0.51 9.30 0.08
| Hay 1984 (.10 0.24 0.4 0.62 0.7 9.66 0.67 0.62 ©0.42 9.23 0.09
P dun 1984 0,11 O.19 0,37 0.48 6.51 0.59 0.57 0.52 0.32 0.20 Q.08
i Jul 1984 0.08 0.18 0,38 0,51 0.55 0.5 0.60 0.53 6.38 0.19 6.09
| Bug 1984 0.08 0.18 0.36 .48 0.53 0.53 0.46 0.45 0.36 0.20 .18
i\ Sep 1984 90.09 0.2% 0,39 0.60 0.%9 0.72 Q.61 0.39 0.34 0.20 0.09

fct 1984 0.04 0.21 0.38 (.48 0.55 0.50 0.47 0.39 0.29 0,15 0,05
Hov 1984 0.02 0.5 0.56 .59 0,30 0.5 0.356 0.20 0.07
Dec 1984 0.04 0.44 0.48 0.46 0,84 0.43 0.34 0.18 0,06

D D
- .
B
~ N
<D O
R
[N
-~

0.40 0.47 0.47 0.48 0.45 0.35 0.22 .1t
0.34 0.54 0.59 0.66 0.65 .57 0.48 0.3} 0.17
0.42 0.61 035 0.74 071 070 0.0 0,57 0.14
0.4 0.63 0.70 0.68 0.61 0.53 0.38 0.26 0.10
I 0.58 0.64 0.64 0.53 0.44 0.37 8,20 0.12
3 0.45 0,53 9.54 0.51 0.43 0.36 0.19 0.07
6 0.43 0.47 0.52 90.50 0.44 0.34 0.19 0,07

i dan 1985 0.02
} Feb 1985 0.04
| Har 1985 0.06
 Rpr 1985 0.08
i May 1985 0.10
} dun 1985 0.09
1 Jul 1985 0.08

.
o
=
~3
-~

OOOPOOO
e N3 R e e b
oG o~ LN D -~

fverage: 0.07 0.19 0,38 0.32 0.28 ¢.60 .56 0.51 038 0.22 0.09

t Narch 1984 nc dala.
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Threshold Irradiation and Usable Ensrgy

An  initial statement must be mads, The irradiation
sensrs  register  all incoming energy. &also the low
intensity energy of early morning and late afternocon
which partly can be recovered by tracking, and the low
iryadiation of cloudy days.

In Langtad, the inverter was eqguipped with & cubt-off
mechanism which reduced the pump rotation drastically as
soon &as the irradiation fell below & certain threshold.
The aim is to reduce mechanical wear once the available
energy drops so low that no signifticant production is
possible. This threshold value is abont 200 W m—=,
Mamely the more reliable supervisor's observations, see
Table C.1, show that the pumping rate is O L sec™ as
long & dirradiatiorn is below Z00 W o=, which pumping
rate jumps to some 195 L minT' as soon as the irradiation
rises over Z00 W w2, The guestion then is if this cut-
off  reduces the wear significantly to justity the extra
costs of the circuitry and the lower rate of vwtilizetion
of the irradiation.

The small idirregularities in  these observations are
largely due to fluctuwations in the irradiation during
the observation pericds of about % mirmtes. Note that
the pumping rates are derived from water meter readings
made at 69 seconds intervals, while the irradiation was
read on digital meters (wilh 2 seconds  integration
time) directly before or after the water meter readings.
Ideally one needs concuwrrent readings of meters  with
iderntical integration periods.

In Tinaan or Poo the supervisor®s sheets, Tables C.2 and
C.3 do not give such distinct discontinuity inm the
irradiation—pump  rate diagram. The non-regulated DO
CHVUSES & lower pump rotaticn with lower idirradiation.
Thus the pump rate decreases graduslly until at a  much
lower dirradiation level, about 200 W m~ =, {the centrifu-
gal pump loses its effectivity. Figure 9.3 1llustrates
this behavior.

Ornce figures are available about the amount of  energy
which the sun ilrradiates, it hecomes important to deter-—
mime the fraction which is efficiently used. This
fraction depends on the system. Thus the collected data
were analyzed for the different systems,

In a firet approach one multiplies the irradiation as
tabulated in Table .2 with the active aresa of +the
phiotocells to determine the collected energy. However,
manufacturers do not specity the active area of their
photocells. The 1leads which are necessary to collect
the photocurrent, cover namely an appreciable part  of
the surface of the cell, confer Table 4.1, But this is

=8
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S.1.4

correct for direct radistion only, the diffuse radiation
may till activate electrons in the shade of the leads.
A check of the geometric ares of the cells revealed that
manutacturers have sufficiently standardized the cell
arwpa  to accept that one cell covers D.01 @=, Te cut a
possibly  long discussion short, the active area of &
panel  heas been defined as the nunber of cells per panel
times 0,01 ®. Thus the 3 sites have 8.40m2 resp. 4.32m=
and 2.9&6 m® as area of photocells, based on their res-
pective installed mnumber of cesll. Taking then & 12-
morths average {(Table 5.2), the LLangtad system received

123 0w .40 = 10335 kWh per month in the plene of the
cells.

The +tracking in Tinagan produced 13% more irradiation in
the plane of the photocellis. Thus the Tinsan system
recetved in the plane of the cells:

1.131 = 13853 ¢ 4037 = 574 kbh per month.

The effect of this irradiation is in Langtad a 12-months

average of 449 0% water per month. The averagse height
over  which this volume has beern lifted is 20,2 m. Thiez

peculisar  properties  of the well made it difficult to
measwre this value with an accuwracy better thearn  10%,
Thus this volume water acguired

449 » 9800 2 20,27 = 8.9 w 107 joules.

The average systems efficiency is then

————————————————— = DL 4%,

The Tinaan data do not permit an efficiency calculation
over 12 contiguous morhhis. The 9 months with  enough
gdata miss some of the dark and some of the sunny months
and may give an acceptable average. The irradiation over
these months averasges 137 kWb m™*®  and the prodoction
&54 W=, With an average 1ift of 8.5 m the acquired
ENET Qy Wwas

s
e

G54 P800 x 8.5 = 9.4 w 107 joules.

The aveailable energy was 592 kih or 2,13 2 10® joules.
Thig gives a system’s efficiency of 2.8%.

Remarks about Ohmic Losses

Trie higher efficiency of the Langtad system can be
partially explained by the lower electric losses of the
S~phase AD system as compared with the other DC systems.

(31
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The system of Langtad used 3 wires, AWG 12, I-phase Y
circuit, to transport 6723 W over 89 m. No data about the
power factor, or losses in the inverter sare  availabkle.
For the caloulation the optimistic assumption has  been
made that the power factor eguals one, btut that no power
is  lost in the inverter. Trhe supposedly high  power
factor results in a low current and low ohmic loss which
compensates the assumed no-loss condition of the inver—
ter. The conclusion i1 that the current is 231 W/&60 VY =
J3.9 A per wire and the energy loss is 3 x 14.8 » O.44 =
12.66 W {about 3% of 693 W), at peak irradiation.

The system in Tinaan used 2 wires, AGW 12, to transport
D16 W DE at 60V over 0 m.  The current is 51é WO YV =
8.6 68 and the energy loss ie 2 w2 74,0 2 0,50 = 74 W
tabout 14% of D14 W) .

In Poo the system used only 10 m wire to transport the
glectrical energy. This corresponds with 7.0 W loss of
energy {about 1.59% of 480 W).

From the calculations it becomes cleasr  that  special
etforts  must be made 40 small systems to keep the ohmic
losses low,

For small systems the use of a regulated inverter may be
debatable, It dis not clear 1 the entra cost of  an
inverter balances the better use of the solar energy.
This i1s especially true when the inverter does not
prodquce & standerd volteage and thos still reguires &

special slectric motor. The regulated inverter aond its
consequence, & better wtilization of the solar energy,.
points  the way to future developments. Even if the

inconvenience of carbon brushes in submersible DEC motors
ie not considered, the nearly 100 years of esperience
with AT cannot easily be overtakern.

Efficiency of the Energy Conversion

The small global efficiencies make & further anaelysis
desiraible. For this analysis is avallable a large
volume of operator’s datz, houwrly resdings over more
than  one year, and a smaller volume of higher quality
supervisor s data, fowly readings over some 20 days.
The operator’s data are utilized throowgh daily total or
averages while the supervisor’s dete are entered as
individual datea points in the corresponding formul a.
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Conversion of Sular to Electrical Energy

From the large volune of data collected by the operator
it was possible to calculate the efficisncecy of  the
conversion of irradiation to electricity. Instantanecus
values o©of irradiation, closed circuilt veoltage and
current were read every how . The efficiency is calcou-
lated by the following formalal

voltage » cuwrrent
EFFICLIBNMOY =5 e e e e e e e
‘ irradiation » active area.

The results of the calculations &re given in Table 5.4,
for tangtad with 6.4 m% and for Tinaan with 4.3 m=,

This is & summary of Table B.1 teo B.3 and B.S to B.7
respectivel yv.

The guality of the meters, the weakrness of the observers
and  the distraction of the date handlers rvesulted in
efficiencies of less than 04 or more than 2094, Such
values are obviously erronecus and were not included an
the computation of the averages.

Similar observations have been made in all three
stations by better trained supervisore. Their observa—
tioms are given inm Annex C.1, C.2 and .75,

The efficiencies calculated by means of these data are
givern in Table 9.5,

for Langtad covering 33 days,
for Tinaan covering 1é& days,
for Poo rovering 10 days.

The spread of these efficiency values in each station is
much less. Correspondingly one is anclined to attribute
more confidence to these valuss. These efficiency
values are 6,04, .04 and 8.%% respectively. Again note
the low efficiency at low irradiation.

It has not been possible to esplain the systematic large
difference in efficviencies based respectively on  opera—
tor®s  and supervisor®s data. The original suppeosition
that errors caused by lack of training would cancel out,
oy the large mmamber, has not been proven correct.
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Table 5.5 (continued)

tfticiency of Energy Conversion

Selar Irradiation to Electrical Energy
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SR 2 Conversion of Electrical to Mechanical Energy

Water acguires energy when lifted sccording to  the
formual as

ENErgY = mass 4 g

w head.

In the same way the snerqgy lost by friction can be
formulated ast
egnergy = mass # "g" x head

in which formula the head is caloculated by means of  the
CEE

Hazern-Williams formula. In hoth cases the flow rates
were used so that actually mechanical power was ocalcu—
lated. This can then gasily be compared with the slec—
trical power, which is found by maltiplying instanta-
necus ourrernt  with veltage. & problem in the field
arocse  from  the fact that the water meters had to be
chhaserved over 60 seconds during which Tthe irvradiation
and thus the current fluctuated. Thus a clear cause of

grrore  was introduced by comparing & average value,
flow rate, with instantaneous values, voltage and cur-

rert. Aralogue meters permit accurate readings  of
averages by experienced observers, The actusal digital

solarimeter made this averaging more difficult. It seems
that there is a tendency to record the higher values.
The result is an efticiency which is &t the low side.

The efficiency is caloculated by the following forasulad
mass M "g" 2 head
efficiency = o
voltage = current
The results of the calculations are given in Table 5.6
Table B.4 and B.8 give the hourly observations which are

required for these calcoculations.

A few  values smaller than O4 or larger than 90%  have
been omitted 1in the caloculaticns as clearly cauvsed by
impstrument or human eryor.

o ostriking difference is that in lLangtad +there are
periods that the punp does not run as can be seen  from
the efficiency breing zero. The inverter is arranged so
that the pumnp stops when the available energy is  such
that hardly any water would be pumpsd. This arrangement

saves the mechanical parts of the pump. But whern the
punp  operates, its efticiency i1s about twice the

gfficiency of the DO pump of Tirmaan.



Table S9.6
Efficiency of Energy Conversion
Electrical to Mechanical Energy

Langtad Overall Average: 3J0.56%

(]

-

Month/ Time 7 a 9 140 11 12 i 2 3

]

e i)

~—
o

Fekb 1984 0.0 12,0 26,0 31.8 33,7 32.8 30,3 9.6 15.1  9.¢
~

Apr 1984 G.00 35.1 .40 41,0 40.8 38,4 37,4 T 22,02 2.3 0.0
May 1264 0.0 F6.1 0 49.2 45,7 47.2 40.4 42,7 F8.2 24.0 0.0 0.0
Jurt 1984 0.0 25.8 I7.6 40,4 40,3 403 ZH,7 0 ZES.10 15.4 0 0.0 0.0
Jul 1984 0.0 2502 T6.9 41,3 4100 42.8 39,59 IZ4.7 18,3 1.3 0.0
Aug 1984 0.0 2109 3607 4004 40,8 EE,20 42,1 3100 13,9 Z2.é6 0.0
Oct 1984 0.0 23.9 37.6 3I9.1 I7.1 3.3 OE0.10 16.9 H.2 0 0.0 0.0
Nov 1284 6,0 32,9 37.7 39.23 3609 40,2 30,7 F1.7 20.% 0.0 0,0
Dec 1284 0.0 24,7 31,2 35.6 3F7.6 25,6 3007 R7.7 18,8 0.0 0.0
Jary 1985 0.0 18,20 22, 3.8 4.8 39.3 Z6.05 24.2 18.1 0.0 0.0
Febh 1928% 0.0 33.5 45,0 #$0.2 43,0 44,5 36,7 35.5  28.9 7.7 0.0
Mar 198% 0.0 35,1 47.9 46,5 42,0 44G.2 D509 36.8 I0.4 12.4 0 0.0
Py 1985 6.0 38.4 47,7 41.2 43,7 59.3 43,1 F6.37 Z2.89 4.9 0.0
Average: 0.0 27.6  38.4 39,46 39.9  37.8 WLS 311 2003 2.8 0.0

Tinaan verall Average: 26.1%

L 1=

wiide

8.

4 30.4 Z1.
1
T4 30N
3
5

25,59 26.

Foy
fJ
-

May 1984 40,73 2602 23,3 22.
Jurn 1984 T8.85 2.9 E2.2 28,9 440,
3

S
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N ]
b RN

NN
2
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1
N RS e B

a1 IS SN

fag 1984 21,8 30030 29,9 26.2 27.2 Z2.0 0 33,9 15,

Sep 1984 0.1 25,9 27.0 25,5 22, 2. 1.6 19.7 27.0 16, "
Nt 17284 34.31  537.1 21.7 35.2 27.5 26. 3.0 39.9 3I.2 22, 2.0
Moy 1984 JI1.7 0 20.3  26.8  24.35 33, 23 30, 9.2 27.6 28.0 0.0

Dec 1984 31.% 4l.&6 27.8 28,2 29. T 21 3D.T DO.6 T, .

A B

25.4 21.4 21%.
4.8 28.0 28,
19.8 13.4 12.
18.8 16.6 8.

Mar 1985 335, 2604 F2.9 0 2.7 28,2 I35
fpe 1985 10040 2209 28,2 Z8.7 2.2 31,
May 1985 18.&6 22,3 24.9 28.8 32.9 28.
Jurr 1985 14.2 0 26.8 36,3 3ELI O I9.46 0 27. 22,3 31,3 46,3 1.
Jul 1985 172.3  23.4  21.0 19,0 Z1.5 0 25, 27.6 26.6 284,73 29,
ChAug 1985 28,2 I0.0 0 28.4 0 28.9 25.4  IT0.2 27.4  T0.0 0 FELO 2400 Z4.1
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Fet 198% 29.4  39.9 2401 2i.4 Z0.4 20,
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Average 27.4 29.0 27.5 26.9 28.9 8.2 28.0 27.4 28.86 21.9 10.1
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Efticiency of Energy Conversion
Electrical to Wechanical Energy

Table 5.7

Langtad

Date/Tiae

15 Apr 1984
053 Hay 1984
12 May 1984
16 Jun 198%

02 ¥ar 1985
09 Har 1985
30 Har 1985

fiverage:

Tinaan

31 Oct 1984
18 Hov 1984
03 Feb 1984
14 Apr 1984
10 Mar 1984
17 Mar 1983
11 Aug 1984
18 hug 1584

Average;

Poo
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29 Sep
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Conversion of Solar to Mechanical Enerqy

The collected data permitted the calculation of the
overall efficiency by relating the houwly collected
irradiation with the hourly produced volume of  water.
This gives probably the best evaluation of the system’s
performance. The reasons are that bumar errors are much
reduced:

&. the readings are cunalative, rno averaging is
required,

b, & late reading., i.8. @& too long integration time,
aftecte irradiation and volume readings in &
proportional way and does not affect the efficiency
value.

The uncertainty caused by the varying head 1in the
Larmgtad well remains. It is estimated that this mnay
result in an uncertainty of S% of the firnsd figures.

The wcertainty introduced by solar and water meters
ervror remuxins too.

The results of the calcuwlation are found in Table .4.
The efficiencies, 1.5% and 1.3% respectively, differ
mskedly  friom the efficiencies calouwlated by means  of
the supervisor’ s observations. The results are tabulated
in Table 9.9 as 2.2% and 2.6% respectively. it should
be noted that actual instrumentation does not permit to
definitely chose between AL or DO systems.

i

;

Stabrility of Parel FPerformance

fe dindicated  above shorh cirecwit currents and  open
circelt  voltages have been recorded at many instances.
Also & few I-VY curves at constant irradiation have been

b served, Over  the 2-years period of observation no
changes couvld observed. It is plamed to aheserve 1~V

curves onoce a 2 vyeas to check if changes 1in the cell
performance will become ocbservable.

Influernce of Pamsl Temperatwe on Perforaance

Temperatures have Deen smeasured. They reached  &-ound
noon H5°C on clear days. It was mot possible to see

changes in performance attributable to the temperature.
Thie is understandable as only above &0°C an appreciable
influernce may be espected.
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Table 5.8
Efficiency of Energy Conversion
Solar Irrediation to Mechanical Ernergy

Langtad Overall Average: 1.9%
Mo 7 a 9 19 11 12 i P = 4 5
Fel: 1784 D00 0.5 1.2 1.4 1.5 1.5 1.S 1.3 0.7 0.2 0.0
May 1984 Q.0 1.7 2.4 2.1 201 1.8 2.0 1.7 1.8 0.0 0,0
Jun 1984 D0 1.3 1.7 2.0 1.9 1.9 1.8 1.2 0.7 0.0 0,0
Jul 1984 .00 1.0 1.7 2.0 1.2 2.0 1.9 1.7 0.9 9.1 0.0
fag 1984 .0 1.0 1,7 2.0 2.1 1.8 1.9 1.5 0.7 0.1 0,0
Sep 1984 0.0 1.5 2.0 2. 2.1 2.1 1.5 1.2 6.9 6.1 0,0
Oct 1984 0,0 221,88 200 1.7 1.8 1.4 0.7 0.2 0,00 0,0
Nov 1934 D.0 1.6 1.7 2.0 1.9 1.7 1.4 1.5 9.9 0.0 D,0
Dec 1984 0.0 1.2 1.4 1.7 1.7 1.3 1.5 1.4 0% D,0 0 0.0
Jan 1785 D.0 0 0.9 1.2 1.7 1.8 1.9 1.5 1.2 0.9 G0 0.0
Feb 1985 G,0 0 1.7 2.1 2.1 2.1 2.1 1.9 1.7 1.5 D% 0.0
Mar 1985 0.0 1.9 2.3 2.2 2.1 2.0 1.8 1.7 1.9 O.6 0.0
Apr 1985 .0 1.9 2.5% 2.2 2.4 1.2 1.7 1.7 L2 0.1 0.0
May 1985 Gen 2.0 2.1 2.3 2.1 1.8 1.5 1.2 1.1 0.0 0.0
Jurne 1985 .0 1.0 2.0 2.1 2.0 Z.1 1.7 1.6 0.8 0.0 0.0
Jul 1985 .0 1.2 2.0 2.0 1.8 1.8 1.7 1.4 1.2 0,0 0.0
Averane: 0,0 1.3 1.9 2.0 1.9 1.2 1.7 1.4 9.9 0.2 0.0
Tirnaar Overall Average: 1.3%4
May 1994 .92 1.4 1.3 1.2 1.3 1.3 1.3 1.3 1.4 1.t 0.7
Jun 19a4 i.7 1.6 1.8 1.7 1.7 1.8 1.7 1.6 1.0 1.2 0.4
Jul 1984 1.4 1.4 1.4 1.3 1.6 1.6 1.3 1.4 1.2 .8 0.9
Aug 1784 1.2 1.3 1.4 1.4 1.3 1.4 1.4 1.4 1.6 0.7 0.6
Sep 17684 Z.4 1.4 1.4 1.4 1.2 1.2 1.1 1.0 1.2 0.7 0.2
Nov 1904 3.1 1.6 1.4 1.2 1.7 1.7 1.3 1.2 1.2 1.4 1.4
Dec 1984 1.2 1.3 1.4 1.4 1.7 1.6 1.2 1.6 1.7 1.1 0.2
Mar 17935 1. 1.6 1.4 . . - . b T
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Jable 5.9
Etficiency of Energy Conversion
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. 3E Social and Economic Acceptability
PR Social Aspects

The twoe imstallations i Langtad a&nd  Tinaasn where
originally intended to evaluate the technical aspectse
crily. ABccessability for potential customers was an
important asset. Furthermore, the installations were
introdguced Lo the users as temporary test set-ups.

In tLangtad the users appreciated the solar pump to  the
externt that they bypassed a not efficient handpunp to
walk about 100 meters more to the solar pump. However,
the number of houses aroundg the  array  started  to
increase in the beginming of 1936, Thus the 1andowner
exrpected more income from this pearcel. So the people
chose & stuwdy handpump which costs about  P1I50, 00 per
year for maintenance above & more lLuzurious,  but a&lso
more expensive solar pump. The landownsr expected name-
Yo some P700,00 per year as lease. The untamiliarity of
the solar pump contributed to this decision.

In Timaan the solar pump brouwght water at a point about

300 meters away from the sxisting supply. Only a
relatively small portion of the users saw  the walking
distance reduced to nearly nothing. The solar pump was

intensively used for the lauwndry, & sign  that the
avbomatic pumping was appreciated.  But after the obser-
vation period, when the landowner started talking about
payment for the land lease, the people found it better
te f&all back  on their original  swupply. The owner
intends to imstall & pump of about S kW to  supply a
sitin at about 0.5 km distarnce. Thus the new well would
be fully utilized, The sdsperiment cauvsed st least soms
iasting improvement o the site.

The imstallation in Poo was from its beginning intended
te replace ancother eapensive water supply ayst e,
Drimking water was provided to this barric by motorized
tricycles at a cost of P1.50 per can of 20 liters, i.e.
for  P75.00 per cubic meter. Such conditions are not
wcommen in places where freshwater wells can bhe  found
cnly at 2 or more kilometers distarnce, The acceptabili-
ty of the system is understandable, when one considers
that the price of the water is now PUG.OO per 20 liters.
An educated guess is that people spend about the sane
amount of money, this that they use about 3 times more

freshwater than before. For washing and bathing brac-
kish o salt water was used and it etill is. The use

of rairnwater has been eupanded.



5.5.2

A& more detailed financial analveis is discussed onder
S.3.3. Its conclusion i1s that at a rate of PR5.00 per
cubic meter systems of 1 kW are viable, when panels plus

pump g for $7.00 per peak watt and total pumping  head
ig less than 20 meters.

n

Storage and Production

The technical aspect of an irregular time distribution
of the irradisation must be zsolved by storage. Under the
given conditions no electrical storage was attempted,

because & ground level water tanb  is  cheaper in
acguuisition and lasts longer than an egquivalent battery.

fbsoiutely no data were available about  irradiation
dietribution. Also the information sabout huwnan consump—
ticrn is gqualitative only. So it was mainly guess work
to design reserveoirs of 1200 of calculated daily produc-
tion.

The reservoir in Langtad twned out to be 12w only,
the result of a misunderstanding betweesen the 5 involved

parties: BROMSOF , contractor  and  designer. This
reservoir  had reasonably well bridged the gaps of  low
inscdlation in its first & months, S0 the decision was
made  to construct in Tinmaan a similarly seized reser-—
vOILr . I Poo the decision was made to follow the 1507%

i

rule, thus & reservoir of 22 0™ was built.

The determination of the reservolr size wass based on the
following assumptions:

datly domestic consumption 40 liters
a low, bt sometimes observed value,

daily tuman consumption 10 liters
a probably high figure,
longest series of sun—-less days 2 days,

In this scenario everybody should have his  domestic
nesds satisfied at the moment when in the afterroon the
storage is reduced to 254 of the daily consumption. If
the use of water at that instant is limited to human
consumption only, a sun—-less period of two days can be
bridged.

At the other end of the ramge it is not  very probable
that more than twe consecutive days of extreme  inscola-
tion coccocur. Such days will brimg & prak in the consump-
tion too, eo that waste of water will seldom occur.
Thus average consunpticn will be matched with  average
supply.

=~y
S
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In Table 5.10 the days of less tharn 2 kEWh m™=, i.e. less
tharn  S0%U of the average irradiation have been compiled

over & pericod of 630 day=. ity once twe consecutive

Table 5.190 !

LOW IRRADIATION DAYS H

{(less than 2.01 kWwh m—=) {
_____________________________________________________________________________ {
L ANGTAD T I NAARN }

Date Radiation Froduct i on Radiation Froduction !

1.4 O, 09
. 9 0.2
20 Nov 83 4

21 Nov 83 . 0. 47
08 Dec 43 . 1.39
14 Deir 83 .

20 Dec @3 . 4.58
27 Dec 873 . .01
10 Jdarn 84 . O, 1)
12 Jan 84 . 1.348

1% Jdan 84
17 Jdan 84

F.39

DU )

I i o T T e T e Y G TE U NP U TP N Y STy ey
- b ~ WV PRI HUNOO S NDORID -

1]

1]

1]

?

!

!

!

!

;

28 Jann 84 » 0. &4 {
29 Jan 84 a 2.92 }
11 Feelh 24 . D.04 H
19 Feb 84 . 0. 34 H
23 Febkx 84 . 0L 00 |
26 Jun 84 . QO 00 1.2 4,29 !
22 Nov 84 .o 0. 00 5. 80 H
245 Nov 84 < b 4.75 7.7 )
30 Nov 84 2 0. 00 2.51 f
08 Dec 84 .o 2.71% 2. 45 :
14 Dec 84 .5 2.846 D D0 {
15 Dec 44 .3 0 OO G OO0 }
17 Dec 84 0,9 2.35 1.09 {
13 Dec G4 2.0 210 12.50 }
01 Jan 85 1.2 4,87 2.26 H
O Jan 8% i.8 2. 31 7.4 }
LS Jan 85 1.5 0. 25 .60 !
16 Jarn B 0.1 1.97 Qe Q0 H
24 Jan 9% 1.2 1.03 12.88 H
25 Feb 85 1.5 0. A3 : 1.4 &5.17 H
17 Apr 85 2.0 a4 . 6,20 H
19 Jun 385 1.9 Q. O 1.5 |
21 JdJun RS 1.5 1.4 H
09 Jul 3845 1.8 1.8 8. 30 |
10 Jul 8% 1.3 1.1 .57 ;
14 Jul 8% 1.4 1.5 H
16 Jul 85 1.7 2.0 11.82 !
19 Jul 8% 0.8 D, b . Q0 }
1]

i

n
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days did not prodouce any water. There were S other
inatances of twoe consecubtive daye with less than S04 of
average insolation. The above mentioned restrichtion
rule was at the time not implemented in Langtad. Cori—

sequently peoplie had to rely oo the neighboring pums.
However , implementation of this rule would have helped
the people over these dark days.

Fospecial note may be added. During and after the
typhoon of Sepltember 1984 Langtad and Timasn bad pumped
water, which was fot frue for most of Metro  Cebu  for
several days, becavse the eslectric grid was badly
damaged.

The available production figures are compiled in Table
E R Installed power and total head ars given  for
better comparison.

Table .11

Comparison of Production with Fower
Langtad Tiraarn Foo

aveEr age
movithly 425 m= HOA m™ 183 m™
procduction

instal led 69T W Tie W 480 W
Do
head 1% Yo 21 m L m 8 to 14 m

Economics

The prevailing condition in Foo offered the possipility
t test the economic viability of photovoltaic pumping

systemns. The peopls in that locality were namely used
to pay for fresh waber. The island conditions do not
permit  to waste freshwater. Thus it was possible  and

gesirabble to sell water but at & reduced price.

The pricve reduction was from P1.59D to PO.DD per can.
The increase of gasoline prices since the start of  the
project caused i adjacent bharvicos an increasse  from
F1.50 to PZ.00 per can in 17345, '

The mimigum collection system reguires & money collector

at the distribotion point. © Actunally, tickets were sold
which &are good for 20 liters water. In this way, no
cash is reguired at the distribobtion point. The extra
roste  aresl a hornus for the ticket seller and euxpenses
for primting. The tickels provide & certain check  and

permit additional demand anzalyses.

G4
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A basic jownal records the financial activities, There
1s  scome money required for notebooks and pencils,  even
the +trip to the bank to deposit the collectioms, cost
MOriey A savings peassbook is the official  document
which proves the finmancial status.

A osummary of the activities is given in Table .12,
The observations show the following:

1. the water consumption is higher during the dry
season than during the wet season, as there is less
~ainwater availabrle in the dry season,

2. the difference bptween the puwmped volume of water
and the sold water is 18%, eqxplained by some losses,
some freeloading and some incorrect container  mes-
surementa,

. the salaries of ceollector and seller are puite rea-
sonable,

4, the net income is  7,700.- in the first vear,

F 9,400.~ in the second year.

The pressure to bkeep the income high and the HPENSEes
tow is  wvery small. An dmprovement of  the fi'a ncial
performance  seemns  thus possible. it must alsc be
ohserved that the system can produce  tws timpes more
water. The pump 1s swlitched of when the reservoir is

full in order rnot to waste freshwater.

The Poo system actually producesse PI,000000 per  year
which with 10% interesst and 20 years amortization rRpr -

sents F76, 622,00 investment . If the potential
pradmctiaﬁ were sold, this system would produce
PR7,000.- per yeEar corresponding with FR2E0, 000, -

investmnent.

The actual investment in the system cen be placed at:

photocells with pumpn (870 per W FooaD, OO0, 00
well, pipeline, reservolr 1uu,uuu,oﬂ
desigr, supervision 10, 000,00
TOT A L P70, 000, 060
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Mot h

Jan
Feb
Mar
R
May
Jurs
Jul
fnagg
Sep
Ot
Moy
Dec

Subtotal
1984

Jan
Feats
FMay
Apy
Meay
Jurs
Jul
g
Sen
et
Nov
Dec

Subtotal

TEar

1985
1736

Water
Prodg

m=

Free
252,00
277,00
183, 00
160, OO0
183,00
g91.00
130,00
73, 00
06,00
a1
T2 .0

L)

1558, 00

Prod

m75

1558, 00

2125.00

Table S.132
Foo Photovoltaic In
Monthly Financial

Tichket
Sales
n=

Oross
Income
iFesos)

Free

189.60 2,181.00
281.90 1,564,000
199,10 2,542, 00
192,10 5,500, 00
120,30 2,500 00
T9.10 0 1,000, 00
112.80 3, 000,00
&0, 10 SO0, 00
4. 30 o S0, 00
{7500 Fi00 , OO
59.98 1,500, 00

1292.28 20,287.00

. OO0,
2 261,00
2 010, O
a 200, 08)
2 49,00
o 75 OO
» FED O
x S0, O
GOE OO
SO0, D0
2 SRS D0

2, OO0, OO0

J o= e 0 e £ BT U R R RS

[

27, 105,00

FINANCIAL

Di £ ¥

A

12932.28

1726.57

17,06
18.75

i
o

stallationm
Summar y

Expenses
FPrimting
(Pesos)

Salaries

Pesos)

HON
PO,
P, OO
10260, 00
SO0, OO
450, 00
2 350 00
450,00
1,350,000
350, OO0

JE0.L 00

Z10. 060

1,

9, 260,00 530,00

2000 .00
200, 00
200, OO0
200, 05
200,00
200,00
s 200, DO
200, OO0
200, 00
RO, OO
FO0, 00
200,00

3

L

30,00

2

o

B R R

-

14, 400, 00 510, 00
SUMMARY

Gross
Pesos)

HpPBRNGES

iPesos)

20, 287. 00
27, 105,00

12,554,000

17,707.94

0
)
o0
[$1a)

00

2, 068,00

68. 50
B33, OO0
ATEC3E
163,00
705, 61
160,00
4y Q0
130,00
F4T .40
330, OO
12.50
227.58

2,797.94

3

e

det
iPe

19

i
iy
[

7, 75T, 00

9,397.06
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Comnclusions

The observations show that Cebu receives an average of
4.1 kWh m~= day~?* which is relatively evenly distributed

cver the year. The high point is $5.0 kWh m™= day™?! in
March-April, the 1ow 3.2 kWh m™= day~* in December-—
January. This value has been obtained by & fixed sili-

con sensor tilted 10° with respect to the horizontal.

The rumber of days with less than ©0% of the average
irradiation is low, 40 on &00, Such days hardly ever
come im pairs, & pairs were recorded in the period of
chgervation and only 2 pairs had the two days with less
than 254 of the average idrradiation. A full davy’s
storage combined with emergency raticoning will then
bridge’ such low irradiation periocds.

Convective cloud formation over hills or land areas have
& noticeable influence on the irradiation. The hourly
irrediaticn figures show namely that in stations clocse
to the hills more energy is received before noon than in
the afterncon. This effect explains alsc the higher
irradiation in Poo, which lays about 20 km east from
anappreciable land ares.

Considering the many variables in pump systems stable
and accurate, 1%, idnstruments are required in order to
be able +to compare different systems under different
field comnditions, A compromise where reliable working
standards are available in a central work station is
only & second best sclutidn, beceause transport and
intercharnge of instruments usually add a few uncertain-
ties. HMeters which satisfy the reguiremesnts under field
conditions, are not so easily found.

The acguisition of reliable idirradiation data hias
improved considerably in the Central Visavas to the
point that comparative calibrations have been reduced to
the acceptance of a protocol.

The low-power cut—off is debatsble for small pumps:  the
ertra costs may not balance the savings on pumps. Inm
addition, & certain quantity of emnergy is not utilized.
From the other side inverters give access to the esxist-
ing range of AC meters and ofter the possibility of
reduced energy losses where long electric lines cannot
be avoided. ’

The reliability of the pump systems is such that special
stand-by provisions are considered superfluous.

It has besen proven that systems below 10 kW are
pconomically viakle. The conditions are that the
location does rniot have access to the electric grid  and
that the pecple are used to pay FE5.- per m™ water.

e
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Conclusions

The observations show that Cebw receives an average of
4.1 kWbl m® day™* which is relatively evenly distributed

over  the year. The high point is S.0 kW &% day™?! in
March—fpril, {the low 3.2 Wb 7= day~*  in December-
Jarnuary. This value has been obtained by a fixed sili-

con sensor tilted 10° with respect to the horizontal.

The rnumber of days with less than S04 of the average
irradiation is low, 340 on &00. Suech days hardly ever
come in pairs, & pairs were recorded in the period  of
chservation and only 2 peirs had the two days with less
tharn 25% of the average irradiation. A full day's
storage combdined with esergency rationing will then
bridge such low irradiation periods.

Convective clowd formation over hills or land areas have
a neticeable influernce on the irradiation. The hourly
irradiation figures show namely that in stations close
to the hills more energy is received before noon than in
the  afternoon. This eftfect explains also the higher
irradiation in Ppo, whitch lays about 20 km east from
anappreciabtle land area.

ftonsidering  the mamy variables in pump systems sltable
and accurate, 1%, instruments are reguired in order to
e able to compare different systems under different
figld conditions. A compromise where reliable working
standards are avallable in 2 cerntral work etation is
ety & second best  solution, because Lransport  and
irnterchange  of instruments usually add a few uncertain-
ties. Meters which satisfy the reguiremsnts under field
conditions, #re not so easily found.

The acguisition of reliable irradiation data has
improverd  considerably i the Central Visavas to  the
poirt that comparative calibrations have been reduced to
the acceptance of a protocol.

The low-power cubt-off is debatable for small pumps:  the
exntra costs may not balance the savings on pumps, I
addition, a certain guantity of energy is not utilized.
From the other side inverters give access to the exist~
ing range of AC meters &nd offer the possibility of
reduced  energy losses where long electric lines cammot
e avoided.

The reliability of the pump systems is such that special
gtand-by provisions are considered superfluocus.

it has been proven that systems below 100 kW are
poonomically viakhle. The conditions are that the

location does not have access to the slectric grid  and
that the people are used to pay F25.- per ™ water.
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