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Abstract: In this paper a Typical Meteorological Year (TMY) of Tripoli city, the capital of Libya was
presented and analyzed using twelve year of measured weather data, this data includes global solar radiation,
air temperature and wind speed. The measurements were taken every ten minutes. Finkelstein-Schafer
statistical method was applied to analyze the data and obtain the TMY for the site. Typical Meteorological
Months (TMMs) were selected by choosing the one with the least deviation from the long-term cumulative
distribution function. A close-fit agreement is observed between the generated TMY and the long-term
averages. Thus TMY generated will be very useful tool for optimal design and performance evaluation of
solar energy conversion systems, heating, wind, and other renewable energy systems to be located in this part
of Libya.
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1. INTRODUCTION

Recently, renewable energy sources have seen a
huge global interest, especially in the field of solar
and wind energy. Libya is one of the countries
receiving an average global solar radiation of up to
6.58 kWh/m?*/day and an average wind speed reaches
about 9 m/s at 80 m above ground level. Libya is
located in North Africa, with 1,770 km of coastline
along the Mediterranean and a surface area about
1.7 million km? Libya is bordered by Egypt from the
east, Algeria and Tunisia from the west, and Chad,
Niger and Sudan from the south.

Renewable energy (wind, solar,

hydro-power, etc.) are unlimited, clean, free, and

sources

offers many environmental and economic benefits;
prediction of the performance of renewable energy
systems for a particular location using a computer
simulation requires meteorological data covering
a period of a whole year. Meteorological data from
measurements should be used for this simulation
(1,2,3].

A representative database for one-year duration
is known as test reference year (TRY) or typical
meteorological year (TMY). In other words, TMY
can be defined as the tool that provides a standard for
hourly data for a period of one year, for any available
meteorological parameter, such as global radiation,
wind speed, etc. Representing climatic conditions
considered to be typical over a long-time period. It
consists of the months selected from the individual
years and concatenated to form a complete year.
Many methods have been made to produce such
weather databases for different locations around the
world [1,4,5,6,7]

Center for Solar Energy Research and Studies
(CSERS) is the main renewable energy R&D
organization in Libya. It was founded in 1978.
CSERS have a meteorological monitoring station
installed at the center, solar radiation data and other
meteorological parameters have been collected for
more than 12 years. This data was used as a database
for selecting the (TMY).

In the past, several methodologies for generating
TMYs have been reported, such as Sandia method,
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Festa- Ratto method, Danish method and others
[6], all targeted at selecting single months or years
from a long-term typical weather condition. Among
the different TMY generation methods, the Sandia
method is widely adopted [1,3-14] generated TMYs
for different locations with different weather
parameters and assigned weighting factors. This
methodology has been adopted by different
countries: for example, by date of publication,
for Latvia [9], Athens, Greece [12], Oman [11],
Damascus, Syria [6], Nigeria [3, 7-8], Chile [10],
Istanbul, Turkey [14], and Armidale NSW, Australia
[14]. Methods in above literatures are in fact similar,
the main differences lie in the numbers of daily
indices (weather indices) to be included and their
assigned weightings [3,13].

For Libya, only one attempt has been founded
in the literature for the generation of TMY datasets
[15], for which, a TMY for Tajura city was generated
using Design Reference Year method, the database
used in that study was just 4 years from CSERS
database.

In this study, the Finkelstein-Schafer (FS)
statistical method is used. As the effect of weighing
indices for developing a TMY has been studied
[1], it was found that in solar applications, a TMY
mainly driven by global solar radiation giving the
best performance, and similarly for wind turbine
applications its driven by wind speed, and in the
applications for cooling and heating were driven by
air temperature. Hence for the best accuracy and
precision of TMY results, three separated TMYs
was computed for wind speed, air temperature
and global solar radiation respectively. For every
parameter the FS function was computed for each
month of every year of the database. and for selection
of each month, the month with a minimum value of
FS is considered.

The results will be essential for developing
solar energy systems, wind energy systems, and for
building heating/cooling load calculations in order
to facilitate performance comparison of different
energy systems in Libya with a low computational
time and low space.



A brief review on the location and the data
description will be presented in section 2. Whereas,
the method used to generate TMY is illustrated in
section 3. The results of the study and the selected
TMM for every parameter are presented in section
4. Finally, section 5 summarize the concluding
remarks obtained from the current work.

2. LOCATION AND DATA DESCRIPTION

The Center for Solar Energy Research and
Studies (CSERS) is located at 25 km East of Tripoli
city - in Tajura region. The weather database
recorded at the meteorological station of the CSERS
covers the period from 2005 to 2016 registered for
every 10 minutes.

There were missing and invalid measurements
in the data and they were filled as null, as if more
than five days measured data were not available in
a month, that month is excluded from the database
[4]. Table 1. summarize a percentage values of
missed data from the database used in this study.

Table (1). Percentage of missed data from CSERS

database
Year Missed data
2005 8.35%
2006 5.63%
2007 9.4%
2008 10.82%
2009 43.45%
2010 8.6%
2011 2.2%
2012 22.28%
2013 12.28%
2014 5.47%
2015 0.85%
2016 0.27%

3. TMY METHOD

The approach used for selecting TMYs for a
given zone can be summarized as follows: a typical
month for each of the twelve calendar months from
the long-term data base was chosen and then those
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12 months TMMs are concatenated to form TMYs
[11].

Finkelstei-Schafer (FS) statistics (Finkelstein—
Schafer, 1971) are the common methodology for
generating typical weather data. According to
these statistics), if a number n, of observations of a
variable X are available and have been sorted into
an increasing order X1, X2, . . ., Xn, the cumulative
frequency distribution Function (CDF) of this
variable is given by a function Sn(X) which is defined
as follows [1,3-13]:

0 for x <x;
S (x) = w for xi < X < Xjop eeereeenens (1)
1 for x> x,

where, x represents the weather index; Sn(x) is
the value of the CDF for the weather index x; and n
is the total number of elements.

The FS by which comparison between the long-
term CDF of each month and the CDF for each
individual year of the month was done is given by
the equation [1,3,5]:

FS(y,m) = ﬁZJCDFm (%) - CDF, 0 (5)] o (2)

Where, CDF | and CDF%m
short term for the year y, CDF of the daily variable
x for month m, respectively; and N is the number of

days of the month.

are long-term and

FS(y,m) is then calculated for every year with
valid historical values and is ranked in ascending
order, then, for each month, the year with minimum
value of FS is selected as TMM.

4. RESULTS AND DISCUSSION

The database of the meteorological weather
parameters recorded by CSERS was analyzed using
a MATLAB algorithm to calculate the CDFs for each
month and for each meteorological parameter, then
the TMM is computed by selecting the month with
the minimum value of FS. Three separate TMYs
for global solar radiation, wind speed and ambient
temperature were generated.
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Based on the FS statistics and the meteorological
database used in this work, the CDF curves of daily
air temperature for the month of October is shown in
Figure 1, the CDF of daily temperature for October
2010 is very close to the long-term CDF (best,
smallest value of FS statistic), while the CDF of daily
temperature for October 2011 is a bit distant from
long-term CDF (worst, largest value of FS statistic).
Whereas, October 2012 represents the TMM, for
which it lies between the two other months.

Air Temperture CDF for October

February and September respectively, a good
relationship occurs between the (LT) and the (TMY)
values for the global solar radiation, however a very
small variation were noted.
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Figure (1). The CDF curves of daily air temperature
for October.

For air temperature, Figures 2 and 3 shows the
hourly average air temperature for September and
November respectively. These figures display a Long-
Term (average of database records), TMMs, best
month and worst month compared to the long-term
curve, it can be seen that, the (TMY) is very close to
the (LT) data base for both months; September and
November.
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Figure (2). average hourly air temperature for
September.
Furthermore, for global solar radiation, figures

4 and 5 shows hourly global solar radiation for
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Figure (3). average hourly air temperature for
November.

A similar trend with admirable relationships
between the (TMY) and the (LT) mean of the global
solar radiation were noted. Even though the worst
year (WY) follows similar trend to the long term
and TMY curves.
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Figure (4). hourly global solar radiation for
February.
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Figure (5). hourly global solar radiation for

September.



Finally, for wind speed figures 6 and 7 shows
average daily wind speed for May and November
respectively.
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Figure (6). average daily wind speed for May.

A similar manner with admirable relations
between the (TMY) and the (LT) mean of the wind
speed have been observed. Even though the worst
year (WY) follows similar trend to the long term
and TMY curves.

45r
~6-Bost(2007)
- THY (2008)
—Worst(2010)
L |

Wind Speed (m/s)

15 I I L )

0 5 10 Hour 1% 2 bl

Figure (7). Average daily wind speed for November.

Table 2 shows the result of the TMY for wind
speed, solar radiation and air temperature

5. CONCLUSIONS

The TMY generated will be very useful tool
for optimal design and evaluation of solar energy
conversion systems, wind energy conversion
systems, and HVAC, and other renewable energy
dependent systems to be located within the vicinity
of Tripoli. This work is a part of ongoing research

work to develop a complete TMY weather in Libya.
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Results based on the implementation of Filkenstein-
Schafer statistical method utilized for the creation
of a TMY for Tripoli shows the following:

Table (2). Summary of TMY results

T™Y
Parameter/ | Wind Solar Air
month Speed | Radiation | Temperature
Jan 2011 2013 2011
Feb 2009 2012 2008
Mar 2007 2016 2014
Apr 2014 2010 2007
May 2007 2013 2014
Jun 2006 | 2005 2012
Jul 2016 | 2012 2013
Aug 2010 2013 2006
Sep 2006 2005 2012
Oct 2012 | 2013 2011
Nov 2008 2007 2008
Dec 2007 2016 2009

o The developed 12 TMMs for wind speed are
spread with three TMMs found in 2007 and
two in 2006, and the rest is distributed in
2008, 2009, 2010, 2011, 2012,2014, and 2016.
Whereas; for global radiation the distribution
was as follows; Four TMMs in 2013, tow in
2012, two in 2016, two in 2005, one in 2007
and one in 2010. For ambient temperature,
the TMMs was spread with two in 2014, two
in 2012, two in 2011, two in 2008, one in 2006,
2007 and 2009.

e The current work represents a first step to
developing a full TMY weather database for
Libya. As the TMY facilitates the design and
performance evaluation of renewable energy
systems simulations and building heating and
cooling loads.

o Itis also concluded that the deviations of the
TMY data from long term data are found to
be small which means the generated TMYs
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can effectively be used instead of the long
term averaged and hereafter, weather data
processing and computation duration and
space can be reduced such calculations.

o There were some missing data, future work
will be the calculations of missed data by
studying the methods used for filling and the
estimations of the missed data.
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