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Abstract: Problem statement: This study examined in detail some aspects of tiadialimatology

for Terengganu state in Malaysia. The geographicabrdinates of the site are 5°10'N latitude
103°06’E longitude and 5.2 m altitud&pproach: The data used in the present study were taken from
a recording data station installed at site by thadyisian Meteorology Department (2004). In addition
to this, wind speed, solar radiation and air teapge data taken from University Malaysia
Terengganu Renewable Energy Station were also zetlyThe averaged solar radiation year for
Terengganu is generated from mid-term daily gladmbr radiation data. The averaged data of the
daily global solar radiation for the locations cidiesed are presented in a tabular form for a cotaple
year. Results: The highest daily and monthly mean global solaadiation values were 7560 and
6566 Wh m? day’, respectively. The highest hourly average soladiance intensity was 1139 W
m2 during this study period. Yearly average dailyasanergy was 18.92 MJ fnday”. Besides the
global solar radiation, the clearness indexes, vgipeled and air temperature variation are discussed.
Conclusion/Recommendations. The results in this study will fill the gap thatraplete and detailed
reference solar radiation and climatologically daté&ich are not available for Terengganu state of
Malaysia and will be useful to the designers odsehergy conversion and utilization devices.

Key words: Air temperature variation, averaged solar radmyiear, clearness index, daily mean solar
radiation, monthly mean wind speed

INTRODUCTION radiation data for design and efficient operatibsaar
energy systems has been acknowledged. In particular
Energy is essential to economic and sociathe clearness index of the area, in addition tceroth
development and improved quality of life of human meteorological information such as wind speed and a
being. Solar energy is being seriously considewd f temperature for a specific period, is extremely
satisfying a significant part of energy demand inimportant to assess the feasibility of a solarefiv
Malaysia, as is in the world. Furthermore, with theproject.
increase in energy demand, the issue of energyeasjeor Further, in recent years, few individual studies
becomes increasingly serious. Since there is mode a have been carried out on this subject for different
more concern on energy conservation andocations of Malaysia (Chuah and Lee, 1981; 1982; H
environmental protection, interest has been inamghs and Lim, 1983; Kamaruzzaman and Othman, 1992; Li
focused on the use of solar energy. Solar enegy a and Lam, 2000; Wong and Chow, 2001; Abdul Karim
clean energy source and one kind of renewable gnergand Razali, 2002; Azhast al., 2008; Zaharinet al.,
is abundant in Malaysia. 2009). Few models have been tested and few studies
An accurate knowledge of the solar radiation datébased on these models have been performed to &stima
at a particular geographical location is of vital solar energy potential. The solar radiation es@dbr
importance for the development of solar energyaks/i  Peninsula Malaysia were published by Chuah and Lee
and for estimates of their performances (Duffie and1981; 1982) for three major towns, namely Kuala
Beckman, 2006). In this respect, the importancgotdr  Lumpur, Penang and Kota Bharu, who used the
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Angstrom type regression equation to clear daygenerated by using the daily global solar radiation
radiation at the locations. Monthly average solarrecorded during the period 2004-2008.

radiation on the horizontal surface in Kuching, &ot

Kinabalu, Kota Bharu, Senai, Bayan Lepas, Kuala RESUL TS AND DISCUSSION

Lumpur, Petaling Jaya and Bandar Baru Bangi were

studied by Kamaruzzaman and Othman (1992), Wh%olar radiation: The amount of solar radiation

?zsggg)t hfs;émggif]deni?r?sStsgt]h(;rc]jO?oelbrggir(]:?r?ﬁealdlobareceived by .the earth’s surface varies from qneepta
solar radiation at Bangi. Two statistical methodsrev another owing to the attenuating properties of _the
used to forecast the .monthly average daily sola?’;\tmosphe_re_ and  the diverse geographical

. . characteristics of the earth’s surface. Generdithym
radiation based on the meteorological factors sagh

sunshine hours, relative humidity, total rainfalda the collected data it is clear that the daily agerand

. . . . maximum global radiations as well as temperatures
wind speed in Sultan Abdul Aziz Shah Subang Airport .
Azhari et al. (2008) used satellite images to predict ther® higher from February to September and lower

solar energy as an alternative method. Althouglarsol from October o Janua_ry. Figure 1 descr!bes _thtydal
.average and daily maximum global solar irradiarare f

radiation data have been reported for few regions i .
. . L the whole year 2004. The graphs show that the daily
Malaysia, reliable and yearlong global radiatiomadia maximum global irradiance of 1139 W i was

still needed for Terengganu state. This study fbese recorded on April 5, 2004. The highest daily solar

addresses this need.
irradiation of 8089.30 W ™ day* was recorded on
March 5, 2007. Daily mean solar irradiance valuesew
MATERIALSAND METHODS high during the periods of February to May and Jaly

Data observations and procedure: In this study, the October. Average dai_I%/ energy input for the whoéey
global solar radiation data were taken from theWas 18.92MJ it day”, which agrees with the global
Malaysian Meteorological Department (2004-2008)S0lar map (SOLAR4POWER, 2009). Figure 1 also
through e mail for the study location. There were5h°W§ doyvnward excursions in northeast monsoon,
missing and invalid measurements in the data aey th €SPecially in November, December and January. These
were marked and coded as 11111 in the files. Th&Xcursions might be due to rain and higher air mass
missing and invalid measurements, accounting for  Daily averages for each month and peak daily globa
approximately 0.50% of the whole database, weréolar radiations for a complete year are shownign
replaced with the values of preceding or subsequenthe month of April had the highest monthly average
hours of the day by interpolation. The geographial  daily irradiation of 6566 W i day® and the highest
ordinates of the site are 5°10'N latitude 103°06’Edaily peak in solar irradiation of 7560 Wday™.
longitude and 5.2 m altitude. In addition to MMDtaa

solar radiation, wind speed and air temperatura dat 1200 ‘ - . - .
collected from University Malaysia Terengganu
Renewable Energy Station, which is nearly 2 km 1000}
northwest to the Kuala Terengganu MMD station,
were also used. The meteorological data were
collected every 10 min using a computer at this
station. The surface air temperature and the global ook
solar radiation measurement instruments were set a
6 m above the ground level. A LI-COR, LI-200SZ I
pyranometer was used to measure the global solal
radiation. The wind speed measurement instruments = f#n“\ | 'NWWJ] r,ﬂ »Wh f\ﬂmmﬂ’, l 4‘}{ I
were set at 18 m above the ground level. The sensor ™ il | M 'M M\'ﬂ fm | 'W'“M
were checked and calibrated to ensure the quafity o ‘ . . . . W ‘J
the data collected. From the raw data stored, thanmn % 50 100 150 200 250 300 350
maximum and minimum hourly values were Day

calculated. From the hourly data set, daily and

monthly statistics were made for the solar radmtio Fig. 1: Daily average and daily peak of global sola
wind speed and temperature data. In this study, irradiance throughout the year 2004 at the
average solar radiation data for Terengganu were research site
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Table 1: Monthly mean daily values of global sateadiation for Kuala Terengganu (2004) and othges
Global irradiation, H (MJ miday™)

Kuala Kota Kota Bayan Kuala Petaling Bandar
Months Terengganu Kuching Kinabalu Bharu Senai Lepas Lumpur Jaya Baru Bangi
January 17.91 12.02 17.71 16.26 15.08 19.10 15.44 5281 13.17
February 21.60 13.35 19.36 17.72 20.05 19.56 16.89 16.99 15.99
March 21.40 15.39 20.97 19.72 16.80 20.06 17.26 715. 14.85
April 23.64 13.07 21.64 19.74 17.10 18.98 17.71 686. 16.07
May 20.34 13.42 20.16 18.23 15.79 17.51 16.13 15.83 15.84
June 17.42 16.28 19.11 17.10 16.06 17.34 15.91 6159 15.48
July 19.43 16.57 19.41 17.17 14.92 17.27 15.87 858  16.76
August 19.15 15.14 19.44 17.42 15.16 16.79 1590  .9915 14.49
September 20.20 15.79 18.20 18.12 15.63 16.66 16.03 16.08 14.38
October 16.40 15.23 19.21 17.09 15.43 16.29 1582 6.231 14.19
November 16.24 14.92 18.08 13.28 15.30 17.03 14.36 14.67 12.28
December 13.38 12.56 18.00 12.15 15.90 17.59 14.53 14.54 12.66
Annual average ~ 18.92 14.48 19.27 17.00 16.10 17.85 15.99 15.82 14.68
g000 [ II Ayerage Generation of averaged solar radiation year: The
2000 1 B Peak real recorded data from past solar observation8420
ﬂ 2008) are selected for generation of representative
5 6000} 1 solar data. A representative database for the eae-y
= so00l duration is known as test reference year or typical
g meteorological year. Finkelstein-Schafer  (FS)
g5 4000} 1 statistics are the common methodology for genegatin
2 3000l typical weather data. Many attempts have been made
E to produce such weather databases for different
g 2000} : locations around the world (El-Sebaii and Trabea,
2 000l ] 2003; Gazela and Mathioulakis, 2001; Argirieual .,
1999; Petrakist al., 1998; Marion and Urban, 1995;
0= 5 3 4 5 6 7 8 5 1011 12 Fagbenle, 1995; Said and Kadry, 1994; Shaltout and
Month Tadros, 1994). However in this study the averaged

solar radiation year was developed using available
Fig. 2: Monthly average and monthly peak daily ltota solar data.
solar irradiation at the research site By using all the months’ data in the database, the
averaged reference year for daily global solar
December had the lowest monthly average dailyadiation data was developed for Terengganu state o
solar irradiation of 3715 W  day™. The average Malaysia. Table 2 gives the averageq r_eference year
yearly cumulative irradiation for Terengganu isfor monthly mean global solar radiation for the
6905.8 MJ ri¥ yearl. In an average year, the dry location considered !n.th|s study. As can be seem f
period (February to May and September) contributedN® Table 2, the minimum and maximum values of
about 47.19% of the annual total. The worst montfnonthly mean of daily global solar 1|rrad|at|on on a
(December) contributes least, being responsible foRorizontal surface are 12.95 MJ?day” in December
only about 5.89%. and 23.63 MJ M day™ in April, respectively, with an
In Table 1, the monthly mean daily values ofannual average value of 19.15 M¥ay ™. The highest
global solar irradiation of Kuala Terengganu anideot  daily average maximum and minimum solar irradiation
cities (Kuching, Kota Kinabalu, Kota Baru, Senai, were 27.02 and 6.46 MJ frday™ on 11 April and 24
Bayan Lepas, Kuala Lumpur, Petaling Jaya anddecember, respectively.
Bandar Baru Bangi) of Malaysia (Kamaruzzaman and  Further, Table 2 indicates that the number of days
Othman, 1992) are compared. It is clear that theper year with irradiation below 10 MJ fday™® (low
monthly average global irradiation over the counfe level radiation days) is only 10 days and there |didoe
the year 2004 is higher for Kuala Terengganu, thoug 165 days during a year on which the irradiatioalieve
in October, Kota Bharu and few months Kota20 MJ m? day® (high level radiation days). The
Kinabalu cities has higher monthly mean daily globa number of low and high level radiation days were
solar irradiation values. examined, a frequency distribution was established
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showing a picture of how many times these days comgir temperature: Figure 5 shows the maximum,
single, in pairs or three or more days in a rowt @fu  minimum and average air temperature for one
10 low level radiation days per annum, 5 are sigglg,  complete year 2008 for Kuala Terengganu. The
one in successive days and once in three successiygaph shows that during the northeast monsoon the
days. The high level radiation days are distributsd ajr temperature was lower than 30.0°C when the

follows: single day, 25 times; 2 days, 13 imesl&yS,  golar radiation was lower than 5000 W2 nday™.
6 times; 4 days, 3 times; 5 days, once; 6 and &,day

twice and 10, 13, 14 and 16 days, once. These are ., . , . ‘ ‘ ,

average values and from year to year there is a ~ hverage

considerable variation to this pattern. It should b 12

pointed out that these values are valuable for the™ 1o 4

utilization of solar energy. |r
|
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the year 2006 were recorded as shown in Fig. 3sPlo 2l
of the monthly average of the mean and maximum . . .
wind speeds are shown in Fig. 4. The data show a % 50
range of monthly average wind speed variations of

2.1-4.7 m sec¢. Monthly mean of the maximum wind

speed were higher in the months of December teig. 3: Daily averages and maximum wind speed
February. throughout the year
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Table 2: Daily global solar irradiation values (M¥day™) obtained from averaged reference year data f@mfganu

Day January February March  April May June July Astgu September October November December
1 13.56 18.71 21.85 2466 21.78 17.63 18.35 16.790.662 24.18 23.45 20.36
2 14.11 17.41 23.79 19.28  23.75 17.05 18.70  21.118.591 18.70 11.82 12.07
3 18.36 17.08 23.87 2229 19.40 13.72 17.98  20.100.142 19.73 14.45 18.79
4 18.01 22.38 23.03 2370 2181 19.95 19.95 24.062.392 18.30 13.32 13.80
5 17.75 22.84 21.53 2438 19.58 21.19 19.03  23.514.501 20.46 16.18 18.95
6 8.03 23.16 23.55 24.00 20.08 20.07 22.23 20.61 .2420 15.48 16.84 7.90
7 12.06 22.63 23.21 26.50 15.96 17.05 17.78  21.524.961 16.58 16.91 7.69
8 14.62 13.09 19.24 2520 18.72 16.78 19.82  19.712.042 18.02 21.65 7.61
9 13.03 16.86 20.51 26.54  18.46 17.08 18.78  17.030.872 19.75 18.95 10.41
10 14.92 15.18 22.05 2583 21.40 21.71 17.84  17.625.72 18.05 19.11 11.18
11 17.28 20.02 25.32 27.02 19.86 16.83 20.86 17.638.17 17.58 13.48 7.53
12 21.11 16.99 25.04 26.41  18.46 18.31 21.86 17.448.41 17.20 13.03 13.05
13 21.28 20.21 18.44 26.27 20.81 19.36 2321  17.199.93 19.14 18.99 17.54
14 21.67 22.26 23.95 23.26  21.59 18.47 19.48 17.821.05 20.46 23.01 18.09
15 18.84 24.35 25.29 23.34 17.59 18.19 15.63  21.321.63 19.19 18.52 14.14
16 17.88 22.49 23.90 19.76  15.75 18.26 17.64  24.220.38 15.84 22.01 11.47
17 18.49 25.58 22.16 20.27  13.98 19.45 19.32  22.5427.25 17.00 17.26 10.63
18 20.86 24.74 22.84 2417  20.87 16.94 2230 20.537.41 11.63 12.03 11.33
19 23.03 22.94 24.16 20.87  20.57 20.42 22.34  18.220.40 14.24 15.54 17.34
20 18.84 22.82 23.06 2477 17.22 19.34 17.97  19.9£22.46 18.99 15.00 12.66
21 21.18 21.23 21.52 2565 15.93 15.26 17.13  20.720.80 17.83 12.83 11.21
22 23.58 25.04 21.96 23.28 2254 19.13 18.85  19.987.24 19.46 13.95 11.22
23 22.89 24.92 21.32 22.31 1831 19.91 1950 21.221.23 16.58 14.98 16.11
24 23.05 25.11 14.90 23.80 16.33 18.03 20.70 20.123.18 14.64 20.34 6.46
25 20.57 24.81 19.85 23.72 16.22 17.13 17.72  19.620.26 8.82 15.61 10.92
26 20.70 22.93 20.80 22.05 19.24 15.53 17.30 24.728.75 7.79 19.88 17.62
27 20.63 26.27 22.17 24.03 24.15 15.75 20.31  20.123.11 20.98 7.92 15.78
28 19.22 22.90 23.25 2259  23.46 21.37 21.11  17.823.41 22.60 15.54 11.79
29 18.74 24.62 22.03 21.93 19.33 19.72 1848 19.59 12.03 11.43 17.31
30 20.09 23.20 20.81  20.48 20.93 1535 20.28 19.39 16.94 10.66 12.09
31 19.31 24.72 21.46 16,52 21.01 14.59 8.53
Monthly  18.51 21.61 22.42 23.63 19.60 18.34 19.200.12 20.14 17.19 16.16 12.95
average
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temperatures throughout the year 2008, Kuala

Terengganu ] ] ) o
There is a slight drop in the level of clearnesteiin

The highest daily maximum and monthly averageJune/July, with a distinct maximum in April. The
temperatures were 34.5 and 29.4°C on 31 August anehriation in clearness index is attributed to teel of
April, 2008, respectively. The minimum daily aveeag humidity and position of the sun relative to thee sit is
temperature recorded was 22.8°C on February 22ainy season from November through January, with
2008. generally high levels of moisture in the air from
Figure 6 shows the monthly maximum, minimum December  through  February (which  reduces
and average air temperature for Kuala Terenggdnsl. | atmospheric transparency). The air is dry in Aprib
observed that maximum, minimum and average aiMay, which results in the observed peak. In genital
temperature variation is very low in general durmmg clearness index varies between 0.06 and 0.76 during
complete year. one complete year. During the northeast monsoan, th
clearness indexes are very low; for other perido®st
Clearness index: Figure 7 shows the daily variations clear sky condition exists.
of the clearness index for Kuala Terengganu The variation of monthly average clearness index
throughout the year. It is observed that clearimedsx  is shown in Fig. 8. It is seen that clearness index
is relatively low from November through January maximum (0.64) during the dry hot season and lowest
and then it increases to a maximum (0.76)pnilA  (0.42) during the rainy season. The averagarcéss
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Table 3: Monthly and annually average clearnessxmd Kuala Terengganu and other cities
Clearness Index

Kuala Kota Kota Bayan Kuala Petaling Bandar
Months Terengganu Kuching Kinabalu Bharu Senai Lepas Lumpur Jaya Baru Bangi
January 0.54 0.35 0.55 0.51 0.44 0.59 0.46 0.46 8 0.3
February 0.62 0.38 0.57 0.52 0.57 0.57 0.48 0.49 44 0.
March 0.57 0.41 0.56 0.53 0.45 0.54 0.46 0.42 0.39
April 0.64 0.36 0.59 0.54 0.47 0.52 0.46 0.46 0.43
May 0.54 0.37 0.53 0.48 0.43 0.47 0.44 0.43 0.44
June 0.48 0.48 0.53 0.48 0.47 0.49 0.46 0.46 0.45
July 0.53 0.45 0.51 0.45 0.41 0.45 0.43 0.43 0.48
August 0.53 0.41 0.51 0.46 0.41 0.44 0.42 0.43 0.40
September 0.53 0.43 0.50 0.50 0.43 0.46 0.44 044 390
October 0.44 0.41 0.53 0.47 0.42 0.45 0.43 0.44 903
November 0.49 0.41 0.53 0.39 0.42 0.49 0.41 0.41 350.
December 0.42 0.36 0.54 0.37 0.45 0.53 0.42 0.42 37 0.
Annual average 0.53 0.40 0.54 0.47 0.45 0.50 044 440 0.41
' T T CONCLUSION
0.65 g . L .
Generation of average solar radiation is very
b 0.60 1 important for the calculations concerning many sola
g \ applications. In this study, an average referereary
g 053 6\ PR for daily global solar radiation for Terengganu,
2 550 \\H/ ﬁ\ | Malaysia is produced in a tabular form using midrte
o A measured data. It is expected that these averdge so
0.45 \ radiation years will be useful to the designersalfr
040 L energy systems as well as those who need to have
"1 2 3 4 5 6 7 8 9 10 11 12 daily solar radiation data for Terengganu. Daily
IMonth average solar radiation data show that the month of

April had the highest monthly average daily irréidia
Fig. 8: Monthly average clearness index at theof 6566 W m’ day" and the highest daily peak in solar
research site irradiation of 7560 W nf day'. December had the
lowest monthly average daily solar irradiation of
index value is approximately 0.53. It is observhdtt 3715 W m? day". The average yearly cumulative
the major seasons (dry and rainy) are reflectethén irradiation for Terengganu is 6905.8 MJ“ear. In
solar climate of Terengganu. The clearness ofkigégss ~an average year, the dry period (February to May an
genera”y h|gher during the dry season. During théeptember) contributes about 47.19% of the annual
northeast monsoon, when both the clearness index afotal. The worst month (December) contributes least
temperature are low, global solar radiation isljike Peing responsible for only about 5.89%. _
be low. Due to the low clearness index the solar ~1he data show a range of monthly average wind
radiation energy reduces dramatically. speed variations of 2.1-4.7 m sb_d\/lont_hly mean of
The monthly mean clearness indexes of othefhe maximum wind speed were _hlgher in t_he mon_ths of
cities (Kuching, Kota Kinabalu, Kota Baru, Senai, December to February. The highest daily maX|mur?
Bayan Lepas, Kuala Lumpur, Petaling Jaya anoand monthly average temperatures were ~35 and 30°C
Bandar Baru Bangi) of Malaysia (Kamaruzzaman an n August and April, respectively. The minimum dal

. verage temperature was recorded 22.8°C on February
Othman, 1992) are compared with Kuala Terenggany, 500g. The clearness index varies between a6 a

monthly mean clearness index, as shown in Table 3. o 76 during one complete year. In northeast monsoon
is clear that the monthly average clearness index 0 the clearness indexes are very low, but other gerio

the course of the year is higher for Kuala Terengga aimost clear sky condition exists. The monthly
though in few months Kota Kinabalu and Bayan Lepsaverage clearness index varies between 0.42 add 0.6

cities have higher monthly mean clearness indeXhe average clearness index value is approximately
values. 0.53.
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