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Absitract - The solar energy potential of Gaza Strip southern Palestine is investigated based
on measurements of a complete year's data at a coastal location. High resolution, real time
solar radiation data were collected and processed. Hourly, daily and monthly statistics of solar
radiation were made from the 1 min averaged recorded values. Clearness index is discussed on
the basis of hourly, daily and monthly averages.

This paper summarizes the many years of data (1989-2002) that have been processed
from the Solar Radiation Survey. Typical Meteorological Year files (TMY) based on the direct
beam component, and the archived hourly data upon which they are based. The average annual
direct beam total for all the stations is 2196 kWh m-? year "' . For example, during the 11 years of
data that are discussed in the present paper, It is concluded that: (1) sufficient data probably now
exist in order to enable one to identify the best places for locating solar power stations; (2)
several more years of data will be necessary before a sufficiently reliable data base will exist for
the purpose of simulating solar- concentrator power plant performance and determining their
economic benefit.

The average annual global horizontal radiation for all stations is 2017 kWh m® year ™ .
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The Solar Energy Potential of Gaza Strip

Juma Yousuf Alaydi

Abstract-The solar energy potential of Gaza Strip southern
Palestine is investigated based on measurements of a
complete year's data at a coastal location. High resolution,
real time solar radiation data were collected and processed.
Hourly, daily and monthly statistics of solar radiation were
made from the 1 min averaged recorded values. Clearness
index is discussed on the basis of hourly, daily and monthly
averages.

This paper summarizes the many years of data
(1989-2002) that have been processed from the Solar
Radiation Survey. Typical Meteorological Year files (TMY)
based on the direct beam component, and the archived
hourly data upon which they are based. The average annual
direct beam total for all the stations is 2196 KWh m? year™ .
For example, during the 11 years of data that are discussed in
the present paper, It is concluded that: (1) sufficient data
probably now exist in order to enable one to identify the best
places for locating solar power stations; (2) several more
years of data will be necessary before a sufficiently reliable
data base will exist for the purpose of simulating solar-
concentrator power plant performance and determining
their economic benefit.

The average annual global horizontal radiation for all
stations is 2017 kWh m2 year™.

Keywords: Solar energy, Typical Meteorological Year,
Radiation Survey

[. INTRODUCTION
Q Typical Meteorological Year (TMY) consists of

twelve monthly  files  of  actual  hourly

meteorological data selected in a particular
manner [1]. The months will not, in general, have come
from the same year. Instead, each will have been
chosen as being a ‘“typical” representative of the
month in question and,ideally, the choice for each will
have been made from very many years of accumulated
data.
The reason for taking actual months of data rather
than averaged files is that the former preserve
correlations (both known and unknown) that exist
among the different measured parameters (e.g. solar
radiation and ambient temperature) and also
correlations that exist over a period of several days
among values of any given parameter.
Design of active solar space-heating systems is
usually based on selecting one type of collector
system, usually a flat-plate collector, and designing the
auxiliary components to fit that collector system. The
type of climate at the location of utilization is not
often considered when designing such a solar
system. Therefore, a solar system may exhibit a high
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performance in some areas but low performance in
others.Before making an investment decision, it is
essential to investigate the solar energy characteristics
of the particular location at which the solar energy
system is to be used. This includes examination of the
nature of the correlations between solar radiation
and temperature, so that an optimal design of solar
energy system can be established for the particular
region [2].

The present study, however, is part of the Gaza
Strip Survey, the aims of which are to provide data
of relevance to the performance of solar power
station. Clearly, therefore, the relevant criterion for
this purpose is solar energy. There are in fact two
solar radiation components that are measured: the
global horizontal radiation and the normal direct beam
component. For the given site the former is found to
vary by approximately + 5% from year to year. On the
other hand, year to year variations of more than 30%
have been observed in the direct beam component,
over the comparatively few years that this study has
been in progress.
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Fig. 7 shows the locations of the meteorological stations involved in the Gaza Radiation Survey.
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Figure: Gaza Strip

[ DATA CONSTRUCTION

When we have an odd number of years of data, then
we “tried to choose” the year whose monthly direct
beam average rendered it the median year of the
available set. On the other hand, where an even number
of years of data were available we “tried to choose” the
year whose monthly mean was closest to the average
taken over all of the years in the set. The words “tried to
choose” have been used because sometimes this was
not possible owing to large amounts of missing data in
the desired file. In such cases a “second best” choice
was made. Regarding small quantities of missing
data, even relatively complete day files occasionally
have a few hours when one or more instruments were
not working properly. In such cases our practice is to
look for a nearby qualitatively similar day, copy the
relevant data sequence and use it to patch the hole [3].
Table 1 displays the monthly average values of direct
beam radiation recorded by each of the stations during
the fourteen-year period (1989-2002). Values in bold
characters indicate the specific months that were
ultimately chosen for each site as the basis for TMY.

The raw data provided by the lIsrael Meteorological
Service include hourly average values of: direct beam
radiation; global horizontal radiation; shadow-band
pyranometer data; dry-bulb temperature; relative

humidity (or alternatively, from some stations, the wet
bulb temperature); wind speed and wind direction. Of
the solar radiation data only direct beam and
global horizontal are archived, the shadow-band
data having been used for consistency checks only.
Humidity data have been processed using algorithms
given in the ASHRAE chapter on psychrometrics [4] in
order to compute the humidity ratio. The present study
employs a format which the University of Wisconsin
originally established for the US SOLMET TMY. For
each of the 12 monthly data files, the format allocates
successive columns to: month, hour, direct beam,
global horizontal, ambient temperature, humidity ratio,
wind speed, wind direction, with units [5].

[11. SOME OBSERVATIONS

From Tables 1 one sees that Gaza station has
provided 11 complete years of data. From table 4 we
can see that the years 1995, 1998 and 2001 were
relatively rich in direct beam solar radiation whereas
1990 was unusually poor.

Regarding a relative “ranking” of the station, in
terms of annual direct beam radiation, at least two
methods are available: one based on average data, the
other on data from the TMY files. Table 1 includes an



annual average daily radiation value. This average is
the average of the annual averages over as many of
the 11 years for which there were complete sets of
data. The standard deviation has also been indicated.
Fig. 2a plots these monthly average direct beam
averages in the survey.

Table 2 lists the station ranked in order of
descending annual average direct beam radiation,
where the annual averages have been computed in the
manner described, and multiplied by 365 for purposes
of easy comparison with the corresponding TMY results
(which are also shown in the table).

It is the annual direct beam totals from these
tables that are shown in the last column of Table 2.
The monthly mean direct beam values from the TMY
files are plotted in Fig. 2b.

Comparison between the two methods of ranking
the stations (Table 2) reveals only slight differences. The
annual averages are quite similar and the overall ranking
remains the same.

Another important use to which the TMY files will
be put is in the simulation of non-concentrator systems
(e.g. solar ponds [2], photovoltaic solar power plants
[3], etc.). Here global radiation is more important than
the direct beam component. However, unlike the
situation for the direct beam component, the global
horizontal radiation fluctuates relatively little from year to
year [5].

We may also use the TMY files in order to rank for
non-concentrator purposes. Table 3 shows the sites
ranked according to the annual global horizontal
radiation totals. Fig. 3 plots the monthly global horizontal
TMY averages for Gaza site in the survey.

We note that the spread among stations is much
“tighter” in Fig. 4 than is the case in Figs. 2 and 3, and
the overall shape is much “smoother”. These
characteristics are symptomatic of smaller changes in
the global horizontal insolation , “from year-to-year,
compared with the corresponding direct beam
insolation values.

Table 1. Gaza monthly direct beam averages [kWh m? day']. Months indicated in bold print were used for TMY
Underlined months excluded from consideration

Togt  Iosl 19491 1992 19h3 1994 1995 1996 14997 199s 199y 000 2001 2002 | Mean  Sizma
JAM 28y LR} 292 58T 2R led AR RG6F 0 10RO 449 X2 | 16 054
FEH 226 294 450 35830 LOF 4R 436 39 499 370402 387 0az
hAE 252 401 371 302 443 440 3300 539 454 257 446 | 432 040
AFR 5310 53% 0 504 446 E03 0 REY O SRS 441 A3R 0 400 (A9 044
MAY 450 645 02 643 0T 341 amd T 6T 43 | 6dh 094
JUM e TaeR T3¢ T4l EAF 0 TE2 O Y45 74D BTY O BOR B4Y | TR 032
JUL 337 M TAe Tor Ges 486 AT RIE T4l GRLOTTE AR | TAD 048
Al 61l 633 673 6Th 626 TI3 686 T3 640 675 TS | 676 03K
SEP 350 3R0D A1 540 549 46T A12 0 428 a5 615 Al | 2ER O 044
OCT 442 404 512 4bd 426 SEE F66 395 44T 4R | 473 bbb
N 472 id4e 341 456 3520 465 436 484 S08 0 424 453 | 431 (.55
NEC 30 286 38 36 34l 3ad 3Te 43 333 3a4d 0 104 ) 3430 038
ANN 487 FO01 0 530 484 25 543 RV R4l 546G 551 | 534 032

Table 2. Relative ranking of Gaza Radiation Survey according to average annual direct beam data (column 2). This
ranking is relevant to solar-concentrator systems. Also shown is the slightly different ranking resulting from the
corresponding TMY files (column 3)

Station Average Annual Beam Total TMY Annual Beam Total
[kWh m year” ] [kWh m year™]
Gaza 1949 1957

Table 3:Relative ranking of the Radiation Survey stations according to TMY annual global horizontal
Totals. This ranking is relevant to non-concentrator systems.

TMY annual global horizontal total [kWh m™ year™]
1905

Station
Gaza
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Figure 2:Mean monthly daily average direct beam insolation for Gaza in the Radiation Survey (1989-2002)
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Figure 3:Monthly TMY daily average direct beam insolation for Gaza in the Radiation Survey (1989-2002)
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Figure 4: Monthly TMY daily average global horizontal insolation for Gaza in the Radiation Survey (1989-

V.

This paper summarizes the first 11 years of
data (1989 - 2002) that have been processed from
the Gaza Radiation Survey. This survey of Typical
Meteorological Year files (TMY) based on the direct
beam component, and the archived hourly data upon
which they are based.

For purposes of simulating the performance of
solar-concentrator power plants Gaza station is
introduced.  Annual  fluctuations in direct beam
radiation may, however, be considerable. For example,
during the 11 years of data that is discussed in the
present paper. It is concluded that: (1) sufficient data
probably now exist in order to enable one to identify the
places for locating solar power stations; (2) several
more vyears of data will be necessary before a
sufficiently reliable data base will exist for the purpose of
simulating solar- concentrator power plant performance
and determining their economic benefit.

The average annual global horizontal radiation for
Gaza is 2017 kWh m? year ' . For purposes of
simulating solar power plants of the non-concentrator
variety Gaza station has global horizontal totals up to
6% lower than the mean normal global. We note also
that the year-to-year fluctuations in global horizontal
radiation are very much smaller than those among the
direct beam components. We conclude, therefore, that
for non- concentrator purposes Gaza probably now has
enough data for reliable simulations.

CONCLUSIONS

2002)
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