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The Potential of a Small Scale Environmentally Friendly
Renewable Hybrid Photovoltaic and Wind Energy
Generation System at Terengganu State Coastal Area

www.serd.ait.ac.th/reric M.Z. Ibrahim*, K. Sopiad, R. Zailaff and A.M. Muzathik*

Abstract —This paper presents a study of data on solar radiation and wind resources used to generate the renewable
electrical power in the Terengganu state coastal area. This study utilized the data collected from the University
Malaysia Terengganu Renewable Energy Research Station (UMTRERS) and Kuala Terengganu International Airport
(KTIA) for years 2004, 2005 and 2006. The generated power analysis was conducted using MATLAB, based on the
power produced from the Unisolar U.S 64 photovoltaic module with an area of 1 n and the BWC.XL wind turbine
with a blade area of 4.9 n?. The statistical method of the Weibull distribution was used to analyze the wind data to
determine the potential of wind energy. Moreover, extrapolation of the 23 m data, using the power law, was used to
determine the wind data at heights of 30, 40, 60, 80, 100 and 120 m. A wind turbine with a capacity of 1 to 50 kW was
used to estimate the power generated. Furthermore, a general study was implemented based on the power produced
from both sources for supplying renewable electricity for the basic utilization of households in the Terengganu coastal
area habitation. The results showed that the average annual energies from the photovoltaic module and wind turbine
were 95.18 kWh/mPyr and 339.09 kWh/n¥yr, respectively. In addition the ideal height for continuously powering a
household was higher than 50 mfor the wind turbine size of over 50 kW for the UMTRERS site.

Keywords -Coastal area, photovoltaic, renewable energy, Degiamu state, wind turbine.

1. INTRODUCTION In the last decade, few studies have been cardéd o
by Malaysian researchers on the development oWthd
Human population growth and development activitiesand solar energy particularly on the issues of Hateking
increase the demand for energy. In Malaysia, t@etetal  and promoting the utilization of renewable energjy-[6].
energy demand for 2004 grew at rate of 7.5 percefimong them, none have produced the recommended
compared to the state economic growth of 7.1 percensizing of the wind and solar system applicable thoe
Meanwhile, the hydro source of energy, which isuded  Malaysian climate condition. Hence, this study feesion
in the main categories of electricity generatiors @  the data analysis and suggests the optimum sizinthé
annual energy output potential of about 10 mill@Wh  renewable energy system especially for the coaséal of
[1]. Hydro capacities, however, tend to be onlyo26t Terengganu.
percent of the commercial energy supply in Malay$tze The UMT Renewable Energy Research Station
natural gas supply to industries through pipe lise (UMTRERS) located in Universiti Malaysia Terengganu
predicted to rise at mean rate of 4.3 percent dynua Kyala Terengganu at the latitude of 4° 13.557'N and
reaching 2647 million standard cubic feet per daypngitude of 103° 26.048'E was chosen as the logatid
(mmcsfd) in 2010 [2]. set up the station. The data for the Kuala Teremgga

Owing to the present day's energy crisis, thentemational Airport (KTIA) located at latitude 3'N
growing environmental concern and the constantlyng longitude 103° 06’E with 10 m height above the
escalating cost of fossil fuels, the country hawemake ground level, was obtained from the Malaysia
every effort to supplement our energy base Wwithyeteorological Department to compare the potenial
renewable sources. Malaysia has accepted the @t the wind energy at these two locations. The digtanc
10 percent of energy resources be based on thevabtee  petween the both stations is approximately 3 km.
resources by year 2010 [3]. Therefore, this stuslyan Figure 1 shows the location of the UMT research
initial step to achieve the above-mentioned target. station. The station is near the coastline whenel land
sea breezes may influence the wind regime [7]. The
renewable energy system that has been set up at
*Department of Engineering Science, Faculty of sce and UMTRERS is a hybrid system that combines photoiolta
Technology, University Malaysia Terengganu, 2103 Terengganu, and wind turbine sources to optimize the rate ofvgro
Malaysia. generation.

The hybrid application of two energy sources
maximizes the rate of energy production comparethdo
stand-alone energy system as the strength of omeeso
#Graduate School, University Malaysia Terengganup3pl Kuala ~Can overcome the weakness of the other during taicer
Terengganu, Terengganu, Malaysia. period of time [7].

The wind distributions are classified into 3
“nstitute of Technology, University of Moratuwa,dvaituwa, Sri Lanka. categories: (i) northeast monsoon season (November,
December, January, February and March), (ii) tteomsi
period between two monsoon season (April and Ocjobe

*Solar Energy Research Institute (SERI), Nationaliveisity of
Malaysia (UKM), 43600 Bangi Selangor Darul Ehsaml&ysia.

1
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E-mail: zam@umt.edu.my
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and (iii) southwest monsoon season (May, June,, July10].

August and September). During the northeast monsoon A simplified simulation was done using MATLAB
season, the wind potential is better than during thto acquire the performance results for both sourtés
southwest monsoon season. This is due to thelfattwo  simple coding was executed to produce the power

apparent seasonal conditions exist in this stabéchwwill  generation of both the wind and photovoltaic sosirce
affect the performance of electrical power producti Then, the power output graphs were plotted by the
from both resources. MATLAB function.

Consequently, this paper also discusses the palkenti The power output from the wind system is known to
of both sources to acquire steadiness in supplyinge [11]:
renewable electrical power to the Terengganu state,
especially for the basic utilization of householdsthe = lp.A.CP.\/s (W) %)
coastal area habitation. 2

wherep = air density (~1.225 kg/frat temperature of 15
PHLIERES °C and pressure of 1013 hPa at sea le¥el3, the area of
SPRATLY

Research isLaDs the wind blade in fy C, is the potential coefficient (0.35
location Kuc for the finest design). This power output deterrtioraof

Hwagﬁ?m oy /o the wind turbine is subject to the rated wind speéd
Pty u INBDRIL " & inaealy _
g gﬂm Sandalart m/s. For the photovoltaic system, the power outpay be

4 Pulu Latusan, . .
i ] BRUNEL . Ltad D’ calculated based on the following equation [12]:
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1 s where |, is the photo current (A)] , the diode reverse

GifNLAPORE . .
INDONESIA INDORESIA saturation current (A), qis the electron charge =
e 1.6x10 " (C), kK is the Boltzman constant =

1.38x10 #(J/K ), and T is the cell temperature (K).
The power output of the solar module is given as:

Fig. 1. Research location of the measurement station.

2. METHODOLOGY

. . . Pov =V ley (4)
The data used in the analysis were wind speed datadg
global radiation collected throughout the years of 2004,\yhere | o is the output current of the solar cell (Afp,
2005 and 2006. Wind speed data were recorded by the
NRG Symphonie Data Retrieveevery 10 minutes, iS the solar cell operating voltage (V), arg, is the
everyday. output power of the solar cell (W).

The Weibull distribution with two parameters was In addition, the input energy to the photovoltaic
used to characterize the wind regimes in termshef t module is solar radiation, and the total solaratdn on
probability density. Patel [8] has claimed thatstis the an inclined surface is estimated by [13]:
best method to predict future wind speed variatiod to

evaluate the wind potential in different zones. The Gr =1,Ry + 1Ry + (I a ¥ Ib)Rr ®)
Weibull Distribution with two parameters is givewy the , .
following equation [9]; where | and | ;are the direct normal and diffuse solar
G v 1) radiations andR,, R, and R, are tilt factors for the
fFlv) = ?[EJ exp {_ [EJ } beam, diffuse and reflected part of the solar tastia,
respectively.
where k is dimension shape parameter ands scale Therefore, the power output from the photovoltaic

parameter. From the available wind data, the g[Ef[Ihe modules with an areaAPV (mz), and an average g|oba|
frequency distribution vs. the wind speed was pthtfThe

peak of the graph indicates the most frequent wpmbd radiation W/mz) on the photovoltaic surface, is given

in the studied location. by:
The k and c values were determined using the
graphical method, and the value of [- In [1 — F]{\Was Pov = Gri7Asy (6)

plotted vs. the value df V, forming a linear graph. The , , - .
value ofv is a mean for each range. The y-intercept of thgvhere f7is photovoltaic ~ efficiency. The correlation
graph indicates the value, while thek value can be between the wind turbine and wind velocity must be
obtained from the slope. THevalue is indicative of the established before further work is done on settipghe
wind uniformity, as the uniformity of wind at thétes turbine in a certain location. The wind speed data
increases withk. The ¢ value indicates when the wind Mmeasured at a height of 23 m above a sea level was
speeds at certain months are higher than at otioethm referred to as a reference wind speed at UMTRERS.

http://www.rericjournal.ait.ac.th
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Whereas, the velocities at the heights of 30 mm@®B0 choosing the optimum wind turbine size for use in a
m, 80 m, 100 m and 120 m above a sea level werBerengganu coastal area household prior to statting
estimated by the following formula [14]: wind and photovoltaic hybrid system. The househisld
" furnished with basic equipment, such as a fluomsce
V2 _ h2
= ()

(7) lamp, a refrigerator, a television set, a washiraciine
and a ceiling fan, to serve as a basic electrozad |
where, V,is the reference wind speed measured at 3.

RESULTSAND DISCUSSIONS

height hyand V, is the wind speed at the required orThe Weibull parameters; andk, found from wind data
extrapolated heighth,. The power law exponent is for the UMTRERS and KTIA sites, for each year are

: . . shown in Table 2. Thk values for UMTRERS site vary
expressed agr . This value varies with parameters such

. . ) L from 1.04 to 1.9. The highektvalue is 1.91 and occurs in
as height, time of day, season, terrain charatitesjswind May 2006. The curve has a wider span and a flattak

speed, temperature and a mixture of mechanical ar}ﬂ 1.5 m/s. Meanwhile, the lowestvalue is 1.04, and it
thermal parameters. The equation to acquireahealue  ,...rs in December 2005. There the plot tends ve laa

is [15]: steep slope and a narrow peak at a wind speedbah/s
g =937~ 008In (v,) as well. Thek values for the KTIA state vary between
1- 008 In(h—lj 0.15 and 3.78 m/s. THevalues that are acceptable occur
' 10 in the range 1.5 k < 3.0, as they demonstrate that the
Thus, the correlation between the wind turbinewind regime is good at a certain location [16].
height and the different wind velocities is obtainend The c values for the UMTRERS site vary from 1.2
studied in terms of the power Output_ m/s to 4.95 m/s. The higheslvalue was 4.95 m/s, and it
An analysis on the relation between the monthlyoccurred in February 2006. The lowest value was1is2
power output for different wind turbines at diffate and occurred in August 2006. Meanwhile, for the KTI
heights and the power output estimated from differe the maximumc value was 2.03 m/s, and it occurs in
type of Capacity Bergey wind turbines was executed;)ecember 2006. The lowest value was 0.04 m/s, and i
Wind turbine with capacities of 1, 1.5, 10, and B  occurred in both February 2005 and October 2006.
were used for the above analysis. Table 1 showsviie
turbine specifications.
In addition, the power output graph for the same
wind turbine capacity at different heights was gifaited.
This study is useful in that it gave important déba

©)

Table 1. Wind turbine specification.

Wind Turbine  Rated Power (W)  Cut-In Speed (m/s) eR&peed (m/s) Cut-Out Speed (m/s)
1 kw 1000 25 11 13
1.5 kW 1500 3.6 12.5 N/A
10 kW 10000 34 13.8 N/A
50 kW 50000 2.5 11 N/A

Table2. Monthly cand k values.
UMT Renewable Energy Research Station (23 m)

Kliat@ngganu International Airport (10 m)

Month ¢ (m/s) k ¢ (m/s) k

2004 2005 2006 2004 2005 2006 2004 2005 2006 2004052 2006
January 3.49 2.69 332 1.89 1.65 154 189 150 21.63.78 141 1.38
February 2.58 2.06 495 152 134 132 016 0.04012. 033 0.15 1.68
March 231 2.62 195 112 134 167 142 140 1.84.27 1.37 0.17
April 1.97 2.03 193 151 141 162 123 1.05 044155 1.77 0.81
May 1.51 1.38 153 152 1.22 191 118 1.07 0.46 481. 145 0.90
June 1.39 1.39 158 1.44 144 168 093 103 124371 115 1.42
July 1.65 1.55 154 143 1.63 131 120 1.03 1.24.381 144 0.18
August 1.29 1.49 1.2 1.26 1.48 1.08 092 115 04441 154 0.90
September  1.49 1.66 15 1.52 154 166 1.08 11625 1. 155 1.55 1.83
October 2.17 1.91 157 1.18 1.38 155 156 097 400116 134 0.26
November  1.39 2.28 1.53 1.18 110 127 119 114051. 1.46 1.12 1.53
December  3.71 2.42 3.63 1.43 1.04 1.05 200 141032.141 125 1.35

http://www.rericjournal.ait.ac.th
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The months in the northeast monsoon season hasgpeed in a particular wind regime.
higherc values than the months in the southwest monsoon For the southwest monsoon season, northeast
season. This condition can be explained by the winchonsoon season and transition period, the UMTRERS
velocities during the northeast monsoon season thatcorded peak probability densities of 0.8 at 1/5,10.54
promise more power production. The monthly freqyencat 1.5 m/s and 0.44 at 0.5 m/s. Meanwhile, foraheve
distributions of wind speeds for both locations arehree seasons, the KTIA shows peak probability itiess
presented in Figures 2 to 4. The highest peak émhe of 0.78 at 0.5 m/s, 0.7 at 0.5 m/s and 0.73 ahls
probability density curve shows the most frequentdw

UMT Renewable Energy Research Station (23m) Kuala Terengganu International Airport (10m)
MNortheast monsoon season 2004 Northeast monsoon season 2004
0.45 08
04
0.7
2 0435 2
@ 03 ? 0.6
.g 025 2 0.5
2 z 0.4
| 015 £ 03
] ) =} 0.2
o 0.1 2
& oo0s 01
0 0
0 2 4 6 8 10
Wind speed, m/s Wind speed, mis
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UMT Renewable Energy Research Station (23m)
Northeast monsoon season 2005

Kuala Terengganu International Airport (10m)
Northeast monsoon season 2005
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Fig. 2. The monthly frequency distribution of wind speeds (northeast monsoon season, 2004, 2005, and 2006).
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UMT Renewable Energy Research Station (23m) Kuala Terengganu International Airport (10m)
Transition periods 2005 Transition periods 2005
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UMT Renewable Energy Research Station (23m) Kuala Terengganu International Airport (10m)
Transition periods 2004 Transition periods 2004
0.7 -
04
0.6 A
2 0354 &
E 0.3 g 0.5 4
S 025 - 'i 04
= - 1 ©
% 014 g 0.2 4
o 005 a 0.1
0 T T r — . 0
0 2 4 6 8 10 0 5 10 15
Wind speed, m/s Wind speed, m/s
—s—Aprii —¢— October —«— April  —— Octaber
UMT Renewable Energy Research Station (23m) Kuala Terengganu International Airport (10m)
Transition periods 2006 Transition periods 2006
07 -
0.5 > 06
2 04 2 054
s ©
S 03 > 041
2 £ 034
= 02+ 2 02
8 3
o 0.1 a 014
o
0 . . - . 04
0 2 4 6 8 10 0 3 10 15
Wind speed, m/s Wind speed, m/s
—a—Aprili —s— October ‘ —a—April  —es— October ‘

Fig. 3. The monthly frequency distribution of wind speeds (Transition periods, 2004, 2005, and 2006).
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UMT Renewable Energy Research Station (23m) Kuala Terengganu International Airport (10m)
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Fig. 4. The monthly frequency distribution of wind speeds (Southwest monsoon season, 2004, 2005, and 2006).

Table 3 shows the seasonal frequencies of winthe southwest monsoon season. This study is srifi¢d
speeds in number of hours per season for the rapiges assess the availability of wind sources for evahgathe
wind speed for both locations. From the study, @&sw wind energy for electricity power generation.
found that the highest wind speed recorded at the The power outputs from solar radiation and wind
UMTRERS was 13 m/s and occurred during the northeaspeed were obtained based on the area of the wibhioh¢
monsoon season, while, at KTIA was 11.5 m/s and alsand the solar module. The area of a 1 kW wind heli
occurred during the northeast monsoon season. 4.909 nf with a radius of 1.25 m. Meanwhile, the area of

The analysis shows that the wind speed duringhe solar module is 0.96%mith a length of 1.36 m and
northeast monsoon season is more promising thangdur

http://www.rericjournal.ait.ac.th
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width of 0.7 m. Figures 5 and 6 presented a corspardf  June 2005 and 642.9 Wirnccurring in September 2005
both sources in 2005 and 2006. that produced power outputs of about 25.9 W and B\.
Most of the northeast monsoon season has thespectively. The pattern for 2006 is similar t@2Q@with
potential to produce more power from wind than fromalmost all of the months in this season producirarem
solar radiation. March and December 2005 producesblar power output than the other months of the.yea
12.42 W/niand 16.92 W/rhsolar power with mean solar For the transition seasons, April and October, the
radiations of 260.10 W/mand 354.4 W/t December amount of solar radiation and wind velocities, ahe
and January 2006 produced 20 \W/amd 26.42 W/ power outputs associated with those are moderaganM
with mean solar radiations of 432.22 W/mnd 550.5 wind speed and solar radiation for April 2005 ar@ @/s
W/m?, respectively. In addition, in November andand 769.70 W/fhwith power outputs ofl5.90 W and
December 2005, the mean wind speed was between 3.38.80 W, respectively. October 2005 had a wind dpde
m/s and 3.51 m/s resulting in more power being geed  2.36 m/s and a solar radiation of 507.30 \AAmith power
(91.32 W and 117.94 W, respectively). December andutput of 10.02 W and 24.70 W respectively. For 00
February 2006 demonstrated the two highest windepow the mean wind speed and solar radiation for Apekrev
outputs, obtaining 185.92 W and 142.9 W at meardwin2.43 m/s and 709.25 Wfmwith power outputs 08.9 W
speeds of 4.72 m/s and 4.43 m/s respectively. and 34.04 W respectively. Meanwhile, October 2086 h
For the southwest monsoon season, wind speeds @nwind speed of 2.13 m/s and a solar radiationevalu
May to September 2005 were 2 m/s and produced 7 t0596.21 W/m with power outputs of 2.92 W and 28.62 W
W of power. The inverse situation occurred for solarespectively.
radiation with radiation values of 542.6 W/otcurring in

Table 3. The seasonal frequency of the wind speeds for year s 2004-2006 in hours.
UMT Renewable Energy Research StationKuala Terengganu International Airport

Wind Speed (23 m) (10 m)
(m/s) (hour) (hour)
2004 2005 2006 2004 2005 2006

Northeast monsoon

1-29 147 405 139 239 228 230

3-49 111 75 82 73 37 75

5-6.9 59 31 47 13 4 14

7-8.9 25 14 26 2 1 3

9-10.9 9 7 26 - - 1
Transition period (October)

1-29 199 243 283 211 108 3.8

3-49 77 67 35 49 0.15

5-6.9 24 11 2 9.5 - -

7-8.9 7 15 - 14 - -

9-10.9 2.2 - - 0.2 - -
Transition period (April)

1-29 248 231 266 260 243 71

3-4.9 68 72 64 10 0.6 5

5-6.9 9 13 5 0.1 - 0.4

7-8.9 0.7 14 - - - -

9-10.9 - - - - - -
Southwest monsoon

1-29 324 255 303 259 224 602

3-4.9 234 7.2 3.3 48 42 44

5-6.9 171 - - 3.7 5.2 4.5

7-8.9 - - - - - -

9-10.9 - - - - - -

From Figures 5 and 6, it was found that thepresented in Figure 7 based on a power generating w
photovoltaic and wind systems have the potential tspeed of 2.5 m/s. From the graph, it is obviouslnsthat
accommodate the power requirement at certain tiofies the power production ability is related to the seasThe
the year, particularly when one source can overctimae months of the year that include many days thauaeble
weakness of the other. Hence, the production ofgp@man to meet the power standard are mostly in the sceghw
be optimized without facing any problems such asatie = monsoon season, where the months where many days
or lack of power supply. meet the power standards occur mostly during the

Using the data from 2005, several studies on thaortheast monsoon season.
generation of wind power were conducted.

The percentages of days of each month that are able
to produce power from wind energy for the year 2865
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Fig. 7. Percentage of monthly wind power output (2005).

Figure 8 describes the typical diurnal variatiortred  This plot shows extreme wind speeds that vary oaatly
southwest monsoon season wind speeds as it ocaomredthrough the day. The maximum wind speed was 13s]l m/
29 September 2005. The diurnal variation plot showsvhich produced 2365.8 W of power and the minimum
more power production in the daytime, which is aié  wind speed was 7.7 m/s, which produced 480.4 W of
for human activities that need more energy during t power. This kind of wind speed is very good for pow
daytime than during the night time. The highest dvin production but seldom occurs in the areas studiéis
speed was 4.2 m/s with a power production of 784 a situation is one reason why the hybrid system a@idvwand
the lowest wind speed was 0.6 m/s which not sdfficto  solar energy should be implemented.
produce any power. The presence of terrain characteristics has a

For the northeast monsoon season the diurnatemendous affect on the rate of power production,
variation is shown in Figure 9 for 22 December, 200 because the economic value of an entire projecerip
http://www.rericjournal.ait.ac.th
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mainly on the correct selection of a site. In tlyeavind  increases the rate of power production as the pasver
velocity at the surface is zero, and it is gre#ttan zero at proportional to the swept area of wind that pagbes
a certain height. Hence, the estimation of thetimda turbine.

between the wind velocity and the height is esaénti Figure 11 describes the output power of the four
before starting a wind project. Wind turbine pasitimust  wind turbines at a height 23 m. The power outpfith® 1
be at a suitable height to acquire potential wialbeity. kW and 1.5 kW turbines are not very different bessau

The wind speeds estimated using Equation 7 areoth had a small blade diameter. The power outpthe
presented in Figure 10, and they describe the win@l0 kW turbines does differ from the 1 kW, turbirndgth
velocity increase that occurs when the height mees. the 10 kW turbine, whose diameter is 4.5 m more the
The maximum wind speed is 5.8 m/s at 120 m in Marchl kW turbine, showing a power output that is alneste
whereas, the minimum wind speed is 2 m/s in June #hat of the 1 kW turbine. For the 50 kW turbines ffrower
UMTRERS. output was about fourteen times that of the 1 kvBite,

The blade diameters of the four wind turbines statedue mostly to the fact that the diameter was 11/arger
in Table 1 (1 kW, 1.5 kW, 10 kW, and 50 kW), aré &, for the 50 kW turbine than for the 1 kW turbine.

3.2 m, 7 mand 14 m, respectively [17]. The largara

On 29 September 2005 On 22 December 2005
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w ; = 4” [<5]
21t 10 = =41 T80 3
= s = S
go::::::::.} Pl bbb et totoe—otetel 0 0+ttt 0
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Fig. 8. Diurnal wind speedsvariation Fig. 9. Diurnal wind speedsvariation
(Southwest M onsoon season). (Northeast M onsoon season).
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Fig. 10. Wind speed at different height. Fig. 11. Power output of wind turbine at 23 m.

Table 4 shows that the energy needed for &0 kW turbine is able to supply enough electric®ther
household in a year is about 6737.8 kWh. The ansooft turbines produce too little energy to meet the sexfdhe
energy that can be supplied by the UMTRERS sitdousehold. At 30 m, 40 m, 60 m and 80 m, the 50 kW
installed with the wind turbine or photovoltaic nubgls turbine is sufficient to meet the needs alone witho
were only 339.09 kWh/yr and 95.18 kWh/yr respedgive support from the photovoltaic system. Even if 95.18
Neither source was able to fulfill the power requients kWhr/yr energy from the photovoltaic system was extid
of a household. to the 10 kW turbine, the amount of energy wouil Is¢

A study of the suitability of a wind turbine at a insufficient to supply the household. Thereforegider to
certain height to supply electricity to a house doyear use the 10 kW turbine the area of the photovot@iciule
was made. Table 5 shows that at a height of 23ljtba  should be increased to achieve an area of 30tan
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generate 4759 kWhr/yr which would meet the eleityric seasons at heights of 100 m and 120 m were also
requirement. estimated, as shown in Table 6.

The 50 kW turbine is able to produce electricity The energy production of the wind system cannot
unaccompanied for both heights. Whereas, the 10 k\Wccomplish the requirement at a height of 100 nindur
turbine with an energy production of 6923.5 kWhd#yra the southwest monsoon season. Hence, a combination
height of 120 m is able to generate sufficient powewith the photovoltaic system is required to achiare
without the help of the photovoltaic system. Howewata optimum energy supply. Therefore, solar modules it
height of 100 m the energy production is 5921.2 k/h area of approximately 327mequired to produce energy in
and the photovoltaic system with an area additiod of ~ the amount of 1250.1 kWh/year are needed to cdwer t
must be used. An addition of 856.7 kWhr/yr makes thadditional energy. Meanwhile, at 120 m, the soladute
total amount of energy 6777.9 kWhr/yr which sufficito  area must be 36 and the energy output must be 1447.2
meet the requirement. From the study, it was fotied  kWh/year to continuously supply energy to the houdse
the most suitable height for the wind turbine ftvet for the northeast monsoon season, wind turbinesilales
purpose of energy supply are 100 m and 120 m. to supply energy autonomously without combinatidthw

The amounts of energy supplied byl0 kW turbineshe photovoltaic system at both heights.
every month in the northeast and southwest monsoon

Table4. Electricity requirement for ahousein the coastal area with threerooms.

Appliances Power (W)  Consumption (h/d) Da&lll)\/NEh?g)rgy An(nklil?/lhllzyr;;e 9y
Fluorescent Lamps (6 units) 40 5 1.20 438.00
Ceiling fan (4 units) 84 9 3.02 1102.3
Television 100 5 0.50 182.50
Refrigerator 550 24 13.20 4818.00
Washing machine 1080 0.5 0.54 197.10
Total 1854 50 19.08 6737.8

Table5. Energy output for wind turbines at different heights.
. Energy Output
Height 1KW 1.5KW 10KW 50KW
23 339.2 445.7 1694.5 6747.2
30 411.2 305.3 21294 9440.1
40 345.6 566.7 27139 10858.5
60 616.6 800.5 3830.2 15317.8
80 1077.1 1021.9 4894.2 19575.6
100 883.0 1237 5921.2 23668.3
120 755.3 1446.3 6923.5 23466.4

Table 6. Energy production of wind turbine 10 kW and photovoltaic module at differ ent season.
Height Energy output of wind turbine Energy output of photovoltaic module

Monsoon season

(m) (kWh/month) (kWh/month)
Southwest 100 1557.3 40.2
Northeast 100 4061.0 36.9
Southwest 120 1388.9 40.2
Northeast 120 4731.7 36.9
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