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ANALYSIS OF HYBRID WIND-SOLAR POWER PLANT FOR ITU
AYAZAGA CAMPUS

SUMMARY

Nowadays most of the industrial countries are trying to find alternatives to fossil fuels
because of several reasons. It seems that renewable energy can be a true choice for
replacing the fossil fuels in these countries. This replacement is justifiable from two
aspects. At first, it can be described from the financial side. Various fluctuations in
fossil fuels prices during last decade have made the producer to find an energy with
certain prices. By choosing renewable energy this problem can be solved because in
this by establishing your own power generation system, you will not need to an
external energy source to buy. This kind of energies just initial investment for
establishment after that will operate at very low cost. Furthermore, renewable energy
can provide various job opportunities in various fields directly and indirectly.
Decreasing the cost of renewable energy equipment in recent years is another reason
for choosing this kind of energy.

Moreover, fossil fuels can cause different environmental problems. After the industrial
revolution, the greenhouse gasses emission increased dramatically under this condition
we can see climate change in the world. Also, fossil fuels cause air and water pollution
and it linked to different breathing problems, chronic diseases and types of cancers.
However, renewable energies are environmentally friendly, and air pollution is zero in
this case also there is no greenhouse gasses emission. According to these reasons
which are mentioned above the renewable energies are going to be future of power
generation for a sustainable and clean world.

In this thesis, we consider a hybrid wind/solar power plant which is located in ITU
Ayazaga Campus. The main purpose of choosing this type of hybrid system is to show
the complementary feature of solar and wind energy. It is obvious that a solar energy
system reaches to its peak generation in summer. On the other hand, the maximum
generation of a wind energy system occurs in winter because of the strong wind at this
season. By adding the generation of these two systems, we can see the output power
of a hybrid system is more consistent than stand alone.

At first, we have collected the weather data from a meteorology station which was
located in ITU. These data belong to a one-year duration which had started at 00:00 in
1st January 2003 and ends at 23:59 on 31 December 2003.

These data consist hourly average of solar irradiances, temperature and, wind speed at
2 meters and 10meters heights. For calculating the amount of solar irradiance reaching
the PV panels, we have calculated the incidence angle hourly. According to the
incidence angle equation, we have calculated declination of the sun in every hour and
hour angle by considering panel tilt angle 31 degrees. After that, we have obtained the
panel temperature from the equation which estimates the photovoltaic modules
operating temperature by using simple correlation. The temperature of panels was used
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for obtaining the efficiency of the panels which is depended to temperature. This
calculation is done for three type of PV panels:

e Monocrystalline
e Polycrystalline
e Multijunction

In the next step by considering the nominal output power 900 kW the number of the
panels is computed. Also, the total panel area is obtained for each type. By multiplying
this area to solar irradiances and panel efficiency, the annual solar power generation is
calculated.

In wind power generation we have chosen Enercon E-44 wind turbine which has 900
kKW nominal output power and 45meters height. For computing wind speed the
Hellman equation is used in a way that the Hellman exponent is obtained by using the
wind speed at given heights. Then it is calculated in 45 meter which is the height of
the turbine’s hub. We have driven an equation according to the curve of the wind speed
and output power characteristic. Finally, we have used the calculated wind speed at 45
meters as an input of this equation so we can extract the generation of the wind system
during a year.

At the last step, we have computed the daily energy generation of each system. By
adding solar and wind system outputs we obtained the total energy generation of the
hybrid system for each day, then we have computed the solar system proportion and
wind system proportion in percent for each day. By calculating the daily average
proportion of wind system and solar system and multiplying annual average of these
percent to the output power of each system the optimal power generation capacity is
obtained and the nominal established is 900 kW.
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iTU AYAZAGA YERLESKESI iCiN RUZGAR/GUNES HIiBRIiT GUC
SANTRALI ANALIZI

OZET

Gilintimiizde gelismis lilkelerin ¢cogu fosil yakitlar yerine gecebilecek alternatif enerji
kaynaklar1 bulmaya ¢aligmaktadir. Yenilenebilir enerji kaynaklar1 da bu alternatifler
icinde dnemli bir yer tutmaktadir. Bu arayisa iki temel gerekce gosterilebilir. Birincisi
olayin finansal yoniiyle ilgilidir. Son yillarda fosil yakit fiyatlarinda sik goriilen
degisimler lireticileri fiyati stabil enerji kaynaklari aramaya yoneltmistir. Yenilenebilir
enerji kaynaklar1 bu anlamda probleme bir ¢6ziim getirmektedir. Riizgar, giines gibi
yenilenebilir enerji kaynaklarindan enerji tlireten sistemler kuruldugu takdirde yakit
maliyeti ortadan kalkacaktir. Bu tiir sistemler ilk kurulum maliyeti disinda diisiik
bakim maliyetleriyle 20 — 25 yil isletilebilmektedir. Ayrica yenilenebilir enerji
santrallarinin artmasi ¢esitli alanlarda yeni is imkanlar1 doguracagindan istthdami
arttiracaktir. Bu avantajlarinin  yaninda  yenilenebilir enerji  santrallarinin
maliyetlerinde son yillarda goriilen diisiis de bu yonde tercih yapmaya yonelten bir
diger sebeptir.

Ikinci olarak gevre agisindan ele alindiginda, fosil yakit kullanimin gevre iizerindeki
olumsuz etkileri yine isletimleri sirasinda ¢evreye zararli emisyon yapmayan riizgar,
giines gibi yenilenebilir enerji kaynaklarina yonelmek i¢in bir diger sebeptir. Sanayi
devriminden sonra sera gazlarinda goriilen dramatik artig ve bunun sonucu olan iklim
degisimi giiniimiizde ciddiyeti giderek artan bir problem olusturmaktadir. Bunun
disinda fosil yakitlarin emsiyonlari hava ve su kirliligine sebep olmakta, solunum
problemleri, kronik hastaliklar ve baz1 kanser tirlerine yakalanma riskini
arttirmaktadir. Buna karsin yenilenebilir enerji kaynaklari isletimleri sirasinda ¢evreye
zararli emisyon yapmayan dolayisiyla havayr ve suyu kirletmeyen, sera etkisini
arttirmayan  ¢evre dostu sistemler olarak karsimiza c¢ikmaktadirlar. Yukarida
bahsedilen sebepler nedeniyle, yenilenebilir enerji kaynaklari, temiz ve siirdiiriilebilir
bir diinya i¢in, temiz enerji iiretimine giden yolda en avantajli metotlar arasinda yer
almaktadir.

Riizgar enerjisi zararli gaz salinimi yapmaz ve bundan dolay1 atmosfere zarar1 yoktur.
Yenilenebilir bir enerji kaynagi olan riizgar enerjisi, su kirliligi de yaratmaz. Riizgar
santralleri herhangi bir atiga yol agmaz, bu nedenle atik olarak olumsuz etkileri s6z
konusu degildir. Asir1 biiyiik olduklar1 i¢in goriintii kirliligine neden olurlar, ayrica
girtltilii galistiklart ig¢in ses kirliligi de olustururlar. Riizgar tiirbinlerinin neden
oldugu hava akimi, go¢ eden kuslar1 kendine ¢eker. Bu akimdan kurtulamayan kuslar
tirbinlere garparak oldrler.

Giines enerjisi, atmosfere herhangi bir zararli gaz salmaz, ancak kurulum asamasinda
azimsanacak kadar az bir zarari mevcuttur. Akii destekli olan gilines enerji
sistemlerinde, akii icerisinde bulunan sivinin suya karisma ihtimali vardir. Giines
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enerjisinin kurulumu yapilirken ambalaj atiklar1 bulunur, bunun disinda herhangi bir
atik s6z konusu degildir.

Yenilenebilir enerjiler, saglamis oldugu faydalar nedeni ile olduk¢a Onemlidir.
Yenilenebilir enerji teknolojileri cevreyi, fosil enerji teknolojilerinden daha az
etkiliyor. Bir Kirleticisinin olmamasi, kaynaginin bitmemesi ve her zaman var olacak
olmasi nedeni ile gevresel olarak oldukga faydalidir. Ayrica diger sonlu ve sinirli olan
enerji kaynaklari ile kiyaslandigi zaman hig tiikkenmiyor olmalari, gelecek nesillerin de
kullanim1 i¢in oldukga faydalidir. Yiiksek maliyetli enerji dis1 alimlarinin yerine,
tesislerin kurulmasi adina malzeme ve insan giiciine yonelik yapilan yenilenebilir
enerji yatirimlari, yapildigi yorede kaliyor olup, is ve ekonomi i¢in de enerji kaynagi
oluyor.

Gelecek kusaklarin enerji gereksinimlerini karsilamak ve ¢gevreye verilen hasari en aza
diisiirebilmek i¢in yenilenebilir ya da siirdiiriilebilir enerji kaynaklarina yonelmek
gerekiyor. Yenilenebilir enerji kaynaklari, herhangi bir risk olmadan gerekli enerji
ithtiyacini karsilamak adina {iretilen enerji anlamina gelir.

Bu tez ¢alismasinda ITU Ayazaga kampiisiinde kurulabilecek bir riizgar/giines hibrit
enerji santralinin optimizasyonu ve yil i¢inde bu santraldan elde edilebilecek elektrik
enerjisinin hesabi ele alinmigtir. Gelecekte enerji {liretiminde biiyiik 6neme sahip
olacaklar1 6ngdriildiigii ve Tiirkiye’de anlamli potansiyellere sahip olduklari i¢in hibrit
santral bilesenleri olarak riizgar ve giines enerjisi secilmistir. Bu iki enerji kaynagina
dayanan bir hibrit sistem kurulumunun ele alinmasindaki bir diger sebep de giinesin
potansiyelinin yazin ve riizgarin potansiyelinin de kisin yiiksek olmasidir. Bu sayede
planlanan hibrit santralin yil i¢indeki enerji tiretimi, tek basina riizgar veya giines
santrali kullanilmas1 durumuna goére daha homojen olacaktir.

Lisanssiz liretim sinirlar1 iginde kalmasi i¢in santralin toplam kurulu giicii 900 kW ile
sinirlandirilmistir. 900 kW kurulu gii¢ smir1 dahilinde kalarak yilin her giinii i¢in
riizgar ve giinesten elde edilebilecek elektrik enerjileri hesaplanarak biitiin y1l igin
uretilen enerjiyi maksimize edecek riizgar-giines kurulu gii¢ orant bulumustur. Elde
edilen sonuclara gore en yiksek enerji Uretimi yapacak sistemin kapasite fatori
bulunmustur. ITU Ayazaga kampiisii i¢in riizgar sartlarinin iyi olmadig1 goriilmiistiir.

Yapilan calismada, ITU Ayazaga yerleskesinde bulunan meteoroloji istasyonunun
2003 yilina ait verleri kullanilmistir. Calismada kullanilan veriler, saatlik ortlamalar
olarak kaydedilmis; global 1sinim, sicaklik, 2 ve 10 m yiiksekliklerde alinmis riizgar
hiz1 verileridir. Panel ylizeyine gelen 151n1m siddetlerinin hesaplanmasi i¢in, yilin glinii
ve saate gore gilinesin konumu hesaplanarak, global 1smim degerleri iizerinde ac1
diizeltmeleri yapilmustir. Istanbul igin optimal sabit panel agisi olarak 31° derece
secilmistir. Panellerin azimut agilar1 0° Gliney azimutu olarak secilmistir. Panel
sicakligi verim iizerinde onemli etkiye sahip oldugu i¢in hava sicaklii ve 1s1nim
verilerinden panel sicakliklari hesaplanarak verim diizeltmeleri yapilmistir. Enerji
iretim hesaplar1 agagida verilen 3 panel tiirii izerinde ayr1 ayr1 yapilmaistir:

e Mono-kristal
e Poli-kristal
e Multi-junction

Butun hesaplar 900 kW kurulu giigte PV dizileri iizerinde yapilmistir. Bunun igin her
panel tipi i¢in 900 kW kurulu giicii saglayacak panel sayis1 hesaplanarak toplam panel
alanlar1 da belirlenmistir.
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Riizgar enerjisi hesaplari i¢in yine 900 kW kurulu giice sahip, 3 kanatli, rotor ¢ap1 44
m ve hub yiiksekligi 45 m olan Enercon E-44 riizgar tiirbini se¢ilmistir. 45 m’deki
riizgar hizlarinin hesaplanmasi i¢in; 2 ve 10 m’deki riizgar hiz verileri, yonlerine gére
12 sektore ayrilip bu hizlar kullanilarak her sektér igin Hellman {stelleri
hesaplanmistir. Daha sonra bu iistellere gore sektor bazinda 10 m’de 6lgiilen riizgar
hizlar1 Hellman yaklasimiyla, tiirbinin hub yiiksekligi olan 45 m’ye ekstrapole
edilmistir. Ekstrapole edilen riizgar hizlarindan yararlanarak E-44’in saatlik enerji
uretim hesaplar1 yapilmustir.

Bir sonraki adimda ise riizgar ve giines enerjisi sistemlerinin giinliik enerji tiretimleri
tizerinden, hibrit sistemin giinliikk enerji tiretim degerleri, yilin her glini igin
hesaplanmistir. Daha sonra, toplam kurulu giic 900 kW degerinde sabit tutulacak
sekilde, riizgar ve glines sistemlerinin oranlar1 adim adim degistirilerek giinliik ylizde
tiretimler bulunmug ve bunlarin ortalamas: alinarak bir y1l i¢in, 900 kW kurulu giice
sahip riizgar/gilines hibrit enerji tiretim sisteminin riizgar ve giines kurulu gug ylzdeleri
belirlenmistir.

Fotovoltaik pil olarak mono-kristal tercih edilmesi durumunda giinltik enerji tretim
degerlerinden yola ¢ikilarak yillik {iretimi maksimize etmek i¢in kurulacak sistemin
%72.02’sinin PV, %27.98’inin riizgar enerjisine ayrilmasi gerektigi goriilmiistiir. Bu
durumda sistem 736.43057 MWh/yil enerji iiretebilecektir. Bu da kurulu giice gore
%09.3 kapasite faktorii oldugunu gostermektedir.

Fotovoltaik pil olarak poli-kristal tercih edilmesi durumunda, yilli toplamda
maksimum enerji Uretimi igin sistemin fotovoltaik kism1 %72.02 ve riizgar kismi1 da
%27.98 olarak bulunmaktadir. Bu durumda yillik toplam iiretim 726.7068 MWh/yl
olmaktadir. Bu da %9.2 kapasite faktoriine karsilik gelmektedir.

Fotovoltaik sistemde multijunction ince film segilmesi durumunda yillik tiretimi
maksimize etmek icin fotovoltaik 1smin oranm1 %72.18 ve riizgar kisminin orani da
%27.82 bulunmustur. Bu sistemin bir yilda iiretecegi hesaplanan enerji 736.22863
MWh/yi1l olarak bulunmustur. Kapasite faktorii de mono-Kristal pilde oldugu gibi %9.3
¢cikmaktadir.

Enerji tiretimi agisindan elde edilen oranlar ve enerji iiretim degerleri birbirine ¢ok
yakin ¢ikti@1 icin bdyle bir riizgar-glines hibrit sistemi i¢in genel olarak %72
fotovoltaik ve %28 riizgar bileseni kullanilmasimin uygun oldugu soylenebilir. Bu da
kurulu gii¢ olarak yaklasik 650 kW giines ve 250 kW riizgar anlamina gelir.

Fotovoltaik pil triinin segiminde ise mono-kristal veya multijunction ince filmlerin
hemen hemen ayn1 miktarda liretim saglamasi nedeniyle ikisinde biri tercih edilebilirse
de panel alanlart doalyisiyla fotovoltaik tarlanin kaplayacagi alan, fiyat ve
bulunabilirlik verilen karar1 etkileyecektir. Bu ¢alismada plaka degerleri kullanilan
fotovoltaik pillere bakilirsa 230W giiciindeki mono-kristal pilin alan1 1.25 m?, 270W
giictinde poli-kristal pilin alan1 1.9 m? ve 145W giiciindeki multijunction ince filmin
alam da 1.7 m? dir.

Her ne kadar riizgar-giines hibrit santralinin kullanimi yil i¢inde daha homojen elektrik
liretimi saglasa da ITU Ayazaga kampiisii icin giines enerjisinin 6ncelikli oldugu
acikca goriilmektedir. Dolayisiyla kampiis dahilinde binalarin catilarina gilines
panelleri kurulmasi 6ncelikli olarak onerilebilir. Cat1 kurulumlarinda yer sorunu 6ne
¢iktig1 igin, en yiiksek kurulu giicli saglamak i¢in verimi en yiiksek olan panel tipi olan
mono-kristal kullanilmas1 onerilebilir.
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1. INTRODUCTION

1.1 Literature Review

Due to fact that wind and solar energy are sustainable renewable energy sources, many
studies have been done on simultaneous working of these renewable energies to get
benefits of their own complementary feature. Yang (2009), studied hybrid solar/wind
stand-alone systems utilizing power banks and developed an optimal model. The
purpose of using this system was power generation for a telecommunication station
which was located along the coast of China. The optimal tilt angle of the PV panels,
number of wind turbines and battery capacity were calculated. The annual expenses of
the system was minimized without any extra inflictive loss. A genetic algorithm was
used for model solution. Also, significant complementary between solar and wind
energy was seen (Yang et al, 2009). An optimal sizing process for a similar system in
Turkey was done by (Ekren et al, 2009). The possibility of producing enough energy
for a seawater greenhouse in Oman with hybrid wind/solar energy system was
estimated by (Mahmoudi et al, 2008). A possibility assessment of power generation
and supply enough energy for energy demand of a typical commercial building with a
hybrid solar/wind energy system.Various combination of wind energy system,
photovoltaic panels, and diesel backup energy system investigated by (Elhadidy and
Shaahid, 2004). The steady state performance of a hybrid wind/solar power system
was analyzed in stand-alone and grid-dependent conditions with modeling the
uncertainty of nature load by a probabilistic approach (Tina et al, 2006). An analysis
of hybrid system containing wind and solar system has been doone by (Ingole and
Rakhonde, 2015). Another analysis of a hybrid system with wind and solar sources
which was located in jordan done by (Halasa and Asumadu, 2009). An analysis on the
influence of the Deficiency of Power Supply Probability (DPSP), Relative Excess
Power Generated (REPG), Energy to Load Ratio (ELR), fraction of PV and wind
energy, and coverage of PV and wind energy against the system size and performance

done by (Muralikrishna and Lakshminarayana, 2008).



An optimization on a wind-solar hybrid system which was located in india done by
(Shanker and Sharma, 2012).They have used MATLAB for their simulations and they

have compared stand-alone wind system and solar system with hybrid system.

1.2 Importance of Renewable Energy

The importance of the renewables energies can be discussed from two different points
of view. First one is financial side. We can see the benefits of renewable energy in the
several aspects of industry and business. The other one is environmental advantages
of renewable energy and the effects of using these kinds of energies on the earth
climate and humankind health.

1.2.1 Economical

Nowadays by increasing the price of fossil fuels, most of the industrial countries are
trying to change their source of energy in their production procedure to the reliable
sources. Renewable energy can be a correct choice in this case. Because renewable
energy is providing more sustainability, this fact can help to make the price of energy
to be more stable. Furthermore, in recent years the price of renewable technologies
have decreased. As an illustration, the mean price of the solar panel has declined
almost 60 percent since 2011 (Wei et al, 2010).Also, the cost of electricity which has
been generated from wind energy dropped more than 20 percent during the years from
2010 to 2012 and more than 80 percent from 1980 to present (Akella et al, 2009).
Although renewable energy would have more initial expenses for installation, once
installed they operate at very low cost, without the need to fuel in most of the
technologies. So, the prices of the renewable energy are stable over time. The other
economic benefit of renewable energy is that this sector can create more job
opportunities in different industrial sections because, renewable energy technologies
are more labor-intensive than the fossil fuel industry which is capital-intensive.For
instance, in the United States in 2011, the wind energy industry hired 75,000 full-time
employees in various positions (Akella et al, 2009) and (Wiser and Bolinger, 2012).
Also, more than 500 factories produce different parts of the wind turbine in the United
States, and 70 percent of the wind turbine equipment are manufactured in domestic
factories in 2011.This percentage was about 30 percent in 2006 (Akella et al, 2009).



Also in solar industry, about 100,000 people are employed on a part- time or full-time
positions in the United States (Moreno and Lopez, 2008). Fluctuation in gas price

during ten years in US is shown in Figure 1.1.
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Figure 1.1 : US Natural gas wellhead price (US Natural gas wellhead price, 2013).

In addition, renewable energies are sustainable, and there is no end in this case. For
example sun, as a source of solar energy is an infinite origin in a long term without
any risk of ending while fossil fuels will be ended in this century. so it is the other
reason for choosing this kind of energies as a source. Prediction of ending fossil fuels
is shown in Figure 1.2.
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Figure 1.2 : Remaining reservers of oil and natural gas , oil and coal (The End Of
Fossil Fuels, 2014).



1.2.2 Enviromental

Because of global industrialization, especially after the second world war in industrial
countries, the generation of CO2 increased dramatically from 270 ppm to 450ppm
(Tiwari and Mishra, 2012). This situation was the outcome of using fossil fuels in
different phases such as solid, liquid and gas for power production. This situation has
a negative effect on human being and living planets. If it is not controlled, the life of
human and other lives will be in danger in the near future. In order to balance the
ecological system to have more clean air, water, and food, renewable energy sources
that are less polluting should be used to response to the energy demand of human
beings across developed, developing and underdeveloped countries. Comparison of
green house gases emission by renewable energies and fossil fuels is shown in Figure
1.3.
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Figure 1.3 : Comparison of green house gases emission by renewable energies
(Edenhofer et al, 2011).

As it has been mentioned, using fossil fuels can cause different environmental

problems such as:



e Acid Rain
e Depletion of Ozone layer
e Global Warming and Climate change (Greenhouse Effect)

However, we can control these conditions by replacing fossil fuels with the
environmental friendly alternatives, particularly renewable energy resources, as a
potential solution. The electricity generated from renewable energy offers
considerable public health benefits in comparison with fossil fuels. As it was
mentioned above the ecological system polluted by coal and natural gas plants has side
effects on the people's life quality such as breathing problems, neurological hurts,
chronic heart diseases, and cancer. Generation of electricity without air pollution and
any requirement to water are the other advantages of renewable energy especially wind

and solar.

1.3 Wind Energy

The definition of wind is the motion of air which has kinetic energy. Wind energy has
been being used for thousands of years ago. In the ancient civilizations, wind was being
used for different purposes such as propelling ships, pulling up underground water
from wells and grinding agriculture products. There are some evidences that proof
ancient Egyptians, and Persians were using wind power. By 13th century using the
wind power was popular in most of the Europe for grain gringing. An old windmill is

shown in Figure 1.4.

Figure 1.4 : An old windmill in British isles (Pitstone Windmill, 2015).



There are some efforts to convert wind power to electricity from 19th century to now.
There were some little electrical machines wich were generating electricity from wind
energy and using for charging pills in the 1930s. But after 1980 the wind power
technology developed significantly and made it possible to generate electricity from
wind power in large scale. Nowadays wind power is one of the most economical
methods of electricity generation, and the technology of that is developing day by day

to make it more inexpensive and more reliable.
1.3.1 Energy and power in wind
wind energy is kinetic energy and kinetic energy is:
K = 0.5mv? (1.1)
m has kg unit and vhas m/s unit.

We can consider the wind passes through a circular ring with the area of A with the
velocity of v. while air passes ring it creates a cylinder of air with a length.So a volume
of air passes through ring in every second. By multiplying this volume with the density

of air we can calculate the air mass passing the ring with kg/s unit.

m = pArv? (1.2)
By replacing this equation in equation (1.2) we have :

P = 0.5pAv? (1.3)

Wind passing circular ring is shown in Figure 1.5. :

Circular ring

Velocity,V \/

Figure 1.5 : Kinetic energy of wind (Boyle, 1996).



This equation depicts that the power of wind is depended to three items
e air density: air density changes with the height.
e cross-section area of passing the air

e cube of wind velocity: so it is an important factor in wind power. for example
when the velocity changes from 2m/s to 4m/s power increases more than 100
percent .

1.3.2 Wind turbines

Different machines have been designed for harnessing the wind power which some of

them are illustrated in the Figure 1.6.
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Figure 1.6 : Wind harnessing machines in history(Boyle, 1996).



Nowadays wind turbines are divided into two general types, vertical axis, and
horizontal axis. Turbines with horizontal axis are axial flow and the vertical cross flow.

The output power of these machines changes from 10 watts to 5 megawatts.

1.3.2.1 Horizontal axis wind turbine

Horizontal axis wind turbine (HAWT) mostly have two or three blades. Some turbines
have more than three blades. This kind of turbines have tilted blades the usage of these
turbines for pumping water in farms.Most of the rotor swept area in three blade
turbines is empty so these turbines called low-solidity turbines.Most of the wind
turbines are low-solidity HAWT which have rotors like airplanes. A wind turbine is

shown in Figure 1.7.

\
\

Figure 1.7 : EnerconE-44 900KW wind turbine (Url-1).
1.3.2.2 Vertical axis wind turbine

Vertical axis wind turbines are not depended to the direction of the wind, so they do

not need to change the rotor direction. VAWT has blades with constant chord and



twist.In VAWT the blades are not high, so the wind speed is low as for result the output
power of VAWT is low in comparison with HAWT. We can see some output power

of VAWT is low in comparison with HAWT. We can see some examples of VAWT
in Figure 1.8 Figure 1.9.

Figure 1.8 : The world tallest vertical axis turbine.

Figure 1.9 : A helical Darrius wind turbine.



1.3.3 Key factors of energy production from the wind

e The diameter of the area swept by rotor blades: The rotor blades of a wind

turbine sweep through a circular area. Because we are dealing with circular area,

increasing the rotor diameter, greatly increase power output.For Example, by

doubling the rotor diameter quadruples power output. Rotor swept area of a wind

turbine is shown in Figure 1.10.
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Figure 1.10 : Rotor swept area.

e The wind speed: to start with the length of time the wind is blowing above the

cut-in speed is a critical factor .also small changes in wind speed lead to large

10



variation in available power. A 10 percent increase in wind speed can cause an

increase in power of about 30 percent.

e The variation of wind speed over time at site: the total energy generated by
wind energy system over a period depends on the distribution and variability of
wind speed over time .the annual average wind speed at a site is more important

than the speed at any given moment.

e The air density: wind power is related to air density directly, has the inverse

relation with temperature.

e The Betz limit: In the energy extraction from the wind, its velocity declines.In
theory, if all the energy of wind were taken, the wind would stop. However, it is
impossible to extract the all the energy from the wind .the most energy that an ideal
wind energy system can be extracted is about 59 percent. This value is known as

Betz limit.

1.3.4 Power extracted from the wind

The actual power extracted by the rotor blades is the difference between the upstream

and the downstream wind powers.
P, = 0.5m(v? — 1y?) (1.4)

The air speed is discontinuous from v to vO at the plane of the rotor blades in the
macroscopic sense. The mass flow rate of air through the rotating blades is, therefore

derived by multiplying the density with the average velocity.

v+vy

= pA % (15)
. Y0\[1_ (Y02
Py = 0.5 pA™E (52 — vy?) = 0.5pAV? w (1.6)
1429)|1-(29)2
e .
P, = % pAv3C, (1.8)

C, is power coefficient of rotor.C,, depends on the ratio of the downstream to upstream

wind speed. The plot of power coefficient versus (1;—0) shows that cp has the single

11



maximume- value function. It has the maximum value of 0.59 when the (%) is one third.

The relation between C, andV/Vo is demonstrated in Figure 1.11.
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Figure 1.11 : Relation between Cp and V/Vo.
The maximum power is extracted from the wind at that speed ratio when the upstream
and downstream wind speed equals one-third .under this condition:

Py = % pAv®0.59 (1.9)
The theoretical maximum value of C,, is 0.59 in practical designs; the maximum
achievable C, is below 0.5. The Wind speed & output power cure and wind speed Cp

curve is shown in Figure 1.12.
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Figure 1.12 : Wind speed & output power cure and wind speed Cp curve (Url-1).
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1.3.5 Height effect on wind speed

The increase in wind velocity with height is one of the most important phenomena on
the utilization of wind energy. Moving air masses friction against earth surface
decelerates wind speed. We can use Hellman approximation for calculation of wind

speed at different altitudes.

ha

vy, =1 (h—l)a (1.10)

In this equation v, is wind speed at elevation and v, is wind speed at elevation h,
with m/s unit.h,is requested height and h, is reference height both of them are in

m.Also,a is Hellman’s exponent. Hellman exponent for different areas are shown in

Table 1.1.

Table 1.1 : Hellman exponent.

Hellman’s Exponent

Terrian Type (Friction Coefficient) o

Lake, ocean and smooth hard ground 0.10
Foot high grass on level ground 0.15
Tall crops, hedges and shrubs 0.20
Wooded country with many tress 0.25
Small town with some treesand shrubs 0.30
City area with tall buildings 0.40

1.4 Solar Energy

We discussed the sustainability of solar energy in previous sections now we want to
describe the calculation of solar energy which we can harness in the earth. Receiving
irradiances from the sun varies during a day. Also it changes along the year. It depends
on several factors. Furthermore, the system of solar energy conversion does not
convert all of the receiving energy to the electricity, and we have some limitation. First
of all, we want to describe the factors which are effective in solar energy conversion
system. The time and the season are important. Also, geographical information is
significant. We use photovoltaic panels for solar energy conversion. The position of
these panels and solar angle that depends on time and location, are effective in the

solar power calculation.Solar angle are shown in Figure 1.13.

13
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Figure 1.13 : Solar angle diagram (Kalogirou, 2009).
1.4.1 Incidence angle and parameters

For calculation of the amount of sun's ray reaching on a horizontal surface, we have to
write some trigonometric relations between the position of sun and panel coordinates

on the earth.

In this case, we have to calculate the solar incidence angle which is the angle between

the sun's irradiance and the normal on a panel.
cos 8 = sin(L — B) sin(8) + cos(L — ) cos(5) cos(h) (1.12)

In this equation g is the suface tilt angel from the horizontal, L is local latitude and &
is declination angle. Also h is known as hour angle.
The equation of declination of sun is :
. 360
§ = 23.45sin |22 (284 + N) (1.12)
N is number of day.

The curve of declination of sun during a year is shown in Figure 1.14. Also, day
number and recommended average day for each month is given in Table 1.2.
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Figure 1.14 : Declination of sun (Kalogirou, 2009).

Table 1.2 : Day number and recommended average day for each month (Kalogirou,

2009).
Month Day Number Average Day of the
Month

Date N d(deg.)
January i 17 17 -20.92
February 31 +i 16 47 -12.95
March 59 +i 16 75 -2.42
April 90 + i 15 105 941
May 120 +i 15 135 18.79
June 151 +i 11 162 23.09
July 181 +i 17 198 21.18
August 212 +1i 16 228 13.45
September 243 + i 15 258 2.22
October 273 +i 15 288 -9.60
November 304 +i 14 318 -18.91
December 334 +i 10 344 -23.05

Hour angle: The hour angle, h, of a point on the earth’s surface is defined as the angle
through which the earth would turn to bring the meridian of the point directly under
the sun.The hour angle at local noon is zero, with each 360/24 or 15 degrees of

longitude equivalent to 1 hour so that h can obtain from apparent solar time (AST).

h = (AST — 12)15 (1.13)

15



1.4.2 Photovoltaic systems

Photovoltaic modules convert the sunlight directly into the electricity without any need
to heat engine or rotating machines.PV systems have no moving parts, so these kinds
of systems have no maintaining expenses. The photovoltaic panels are composed of
two, unlike semiconductors. One of them is semiconductor type n, and the other one
is type p. In photovoltaic panels at p-n junctions when the photons of light reach the
junction, they transmit their energy to the electrons of the PV so electrons jump to
upper energy band which is conduction and with their motion in PV the can create an

electrical current. The operation of a photo voltaic cell is shown in Figure 1.15.
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Figure 1.15 : Photovoltaic effect (Kalogirou, 2009).

The photovoltaic cells have an electrical model. These cells act as a diode in an

electrical circuit. We can see the electrical model of PV cells in Figure 1.16.
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Figure 1.16 : Single solar cell model (Kalogirou, 2009).

The current equations of this circuit is:

V+IRg

I'=lpy—Ip = Ly — Io {exp [“‘:(;T’:”] -1}

The shunt resistance is much bigger than the load resistance. However, the series

(1.14)

Rsy

resistance is much smaller than the load resistance. So, by ignoring these distances we

have:
I=Ly—1Ip=ly—1I [exp (:—;’C) - 1] (1.15)

where the k is Boltzmann gass constant ,Tis absolute temperature of cell (K), e is

electronic charge,V is voltage imposed across the cell and I, is dark saturation current.

The I-V characteristic of a cell under a certain sun’s rays at a constant temperature is

shown in Figure 1.17.

0

Figure 1.17 : Current-voltage curve of photovoltaic cells (Kalogirou, 2009).
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Because of diode characteristic of solar cell I;.and V,. are calculated from these

relations:

Ise = I,(1 + aAT) (1.16)
Voc = Vo(1 + BAT) (1.17)
a and [ are coefficients of teprature for current and voltage . « is positive and f is

negative and a<<g.

The Figure 1.17 depicts that the current from a solar cell pertains to the external voltage
applied and the amount of sun's ray on the cell. , the current is at maximum (short-
circuit current, Isc), when the cell is short-circuited, and the voltage across the cell
equals to zero. When the solar cell circuit is open, the voltage is at its maximum (open-
circuit voltage,Voc), and the current equals to zero. In the both conditions the p (the
production of current and voltage) is zero. The output power is nonzero between open
circuit and short circuit. Figure 1.17 illustrates that If the PV cell’s terminals are
connected to a variable resistance, R, the operational point is defined by the
intersection of the I-V characteristic of the solar cell with the load I-V characteristics.
According to this figure for a resistive load, the load characteristic is a straight line
with a slope 1/V =1/R. If the load resistance is small, the cell operates in the region
AB of the curve, where the solar cell acts as a constant current source, approximately
equal to the short-circuit current. While, if the resistive load is large, the cell works the
region DE of the curve, where the cell acts more like a constant voltage source, almost
equal to the open circuit voltage. The output power equals to the product of the current
and voltage.If we did this multiplication and plotted the result on the same axes, then
Figure 1.18 can be procured.
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Figure 1.18 : Power-voltage curve for photovoltaic cells (Kalogirou, 2009).
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The maximum power passes from a maximum power point (point C on figure), at
which point the load resistance is optimum,Ropt,and the power dissipated in the

resistive load is maximum and given by:

Brax = ImaxVmax (1.18)
In this case, we can calculate another parameter which name is filled factor and can be

driven from this equation:

FF — Pmax — Imameax (1-19)

" IscVop  IscVoc
Also, from that relation we can calculate the power temperature coefficient and it is:
Pigear = IscVoc = Io(1 + aAT) V(1 + BAT) (1.20)
Pideal = Po(]. +((l+ ﬁ) AT) (121)
The expression (o+ ) known as power temperature coefficient.

The fill factor decreases as the cell temperature increases. And it increses as irridiance
increses. So the curves I-V characterstics of solar cell changes like Figure 1.19 . Also,

I-V curve is shown in Figure 1.20.
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Figure 1.19 : Effect of increased irradiation (Kalogirou, 2009).
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Figure 1.20 : Effect of increased cell temperature(Kalogirou, 2009).

As can be seen, two similar solar cell in parallel connection the voltage remains the
same, but the current is doubled; and in series connection, the current remains the
same, but the voltage is doubled. We can see the Schematic diagram of a PV module

consisting of N,,,, parallel branches, each with N, cells in series in Figure 1.21.
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Figure 1.21 : Schematic diagram of a PV module (Kalogirou, 2009).
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1.4.3 Types of photovoltaic technology

In this section we will describe the types of photovoltaic cells that we have uses in this

study.

Mono crystalline:These cells are made from pure monocrystalline silicon.
These type photovoltaic cells have high efficiency, which is approximately is
18%. However, the price of monocrystals are expensive. We can see the

cataloge information of mono crystalline module in the Figure 1.22.

Mono/single Crystalline Electrical Data

Mensured ot Standard Test Conditions (STC): imadiance of 1000/m?, air mass 1.5g, and cell temperature 25° C

Peak Power (+/-5%) Pmax 230 W
Rated Voltage Ymp 41.0V
Rated Current Imp 561 A
Open Circuit Voltage Voc 487V
Short Circuit Current Isc 599 A
Maximum System Vollage ~ |EC, UL 1000V, 600 V

Temperature Coefficients
Power -0.38% /°C
Voltage (Voc)  -132.5 mV/°C
Current (Isc) 3.5 mA/°C

1.56mx 0.8m
area of module : 1.25m™ Series Fuse Rating 20 A
Peak Power per Unit Area 185 W/m? 17.2 W/f?
CEC PTC Rating 213.5W

Figure 1.22 : Electrical data of Mono-crystaline.

Poly crystalline : Polycrystalline cells are made up of multiple crystals and are
generally less expensive to manufacture than mono cells. The gap in
performance has narrowed significantly over the years to the point where they
are very close. Since Polycrystalline panels are made up of several crystals,
this means that they also absorb less sunlight and produce slightly less than
mono cells per metre squared.. These are cheaper than mono crystalline and
the efficiency of these cells is about 14 percent.the information poly are shown

in Figure 1.23.

Multijunction : These types are more economic but low efficiency . The
electrical information and sample catalog of these cells are given in Figure
1.24.
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Electrical Characteristics

Poly-Crystalline Characteristics STP270-24/Vd
Open - Cnrcun Voltage(Voc) 44.SV
>Opt|mum OperatlngVoItage (\l)mp) - 35.0v -
Short - Circuit Current (lsc) : ’ ‘ 8.20A -
HOpt|mum Operatmg Current(nmp) - 771A -
MaXImumPoweratSTC (Pmax) - 270Wp
Operating Temperature S -40°Cto+85°C ”
“Ma)umumSystemVoltage i IOOOVDC
”Ma)amum Series Fuse Rann; S 20A h
‘PowerTolerance i - ‘1.3‘%” .

STC: lrradiance 1000W/m?, Module temperature 25°C, AM=1.5

Temperature Coefficients

Nomlnal Operatlng Cell Temperatute [NDCT) 5+2/°C
2mx 0.95m TemperatureCoefﬁaentof Pmax 047 T%PC
ared ofpanel.‘ 1.9m"2 Temperature Coefﬁqent of Voc »0.34 %/OC””“‘”
e o 0045%/0‘:

Figure 1.23 : Electrical data of Poly-Crystaline.

ELECTRICAL CHARACTERISTICS'

PERFORMANCE AT STANDARD TEST CONDITIONS (STC: 1000 W/m2, 25°C, AM 1.5 SPECTRUM)

PRODUCT NAME SN2- 1450
Nominal Power (£5 %) Pmax [W] 145.0 1.7mx Im
Short Circuit Current e [Al 168 ared of panel :

ircui 1.7m"2
Open Circuit Voltage Voo [V]I 131.2

Current at Maximum Power  Imp [Al 1.44
Voltage at Maximum Power Vmp [V] 101.6
TEMPERATURE COEFFICIENTS (AT 1000 W/m2, AM 1.5 SPECTRUM)

Temperature Coefficient of lsc a [%/K] +0.07
— Temperature Coefficient of Vec B [%/KI -0.39
Temperature Coefficient of Pmax Y [%/K] -0.40

Figure 1.24 : Electrical data of Multijuction.
1.5 Hybrid Systems

In this section, we will discuss the hybrid system and describe its advantages. A hybrid
renewable energy system consists two or more renewable energy sources that work

simultaneously and generate energy more permanently.
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In this study, we have chosen the solar-wind hybrid system because this combination
provides some significant advantages and we can drive the benefits of these type of

sources at the same instant.

According to the previous descriptions wind and solar energies have their own

benefits. Also, the combination of wind and solar systems complement each other.

Due to the fact that the peak electricity generation of a wind system usually occurs in
winter, however, a solar system reaches to its maximum level of the electricity

generation generally in summer.

This difference in the time of peak generation causes the power generation of such a
hybrid system to be more consistent also under this conditions there are fewer
fluctuations during power generation along a year. Hourly wind speed during a year is

shown in Figure 1.25.
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Figure 1.25 : Hourly variation of wind speed in one year.

As it is seen, the wind speed is more powerful in the winter. We know power
generation of wind system, is proportional to the cube of wind speed. Thus, power
generation is greater in winter.

The annual solar irradiance variation is shown in Figure 1.26. Solar irradiances are in
their high level in summer. So the power generation in solar system reaches its
maximum in summer. It means that more energy can be extracted from the sun in

summer. This condition is exactly opposite of wind energy conditions.
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Figure 1.26 : Variation of solar irradiance.

By adding the output power of these two systems the final result of this combination

is more constant than two component subsystem.

1.5.1 The hybrid system components

Photovoltaic modules: these modules convert the sun rays to direct electrical
current. The output current and voltages can change with a series or a parallel

combination.

Wind Turbine: changes the wind energy to electricity, usually it is a AC

electrical machine.

DC-AC inverter: the output of photo voltaic system in DC current so we have
to reactifir DC to AC. Inverter does this function.

Batteries : for storing the energy we used the batteries.

Charge controller regulator : prevent the PV and wind turbine from over
charging the batteries.

Backup power resource can come either from a generator or from the utility
grid when too much energy is consumed or when there has not been enough

renewable energy coming into the system.
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1.5.2 Establishment of a wind/solar hybrid unit

The hybrid power plant consists two complete generating plants, a PV solar cell plant
and a wind turbine system.The output of these systems are connected in parallel to a
220V AC line.The output of PV panels connected to the inverter.It converts the DC
electricity to AC. also the output of wind turbine connected to AC filter which
stabilizes the voltage at 220V and 50Hz. The battery is charged through the DC line
which is connected to photovoltaic panels. At end of the AC line it is connected to the

load (Subrahmanyam et al, 2012a). A simple hybrid solar wind system is shown in

Figure 1.27.
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Figure 1.27 : Simple hybrid solar wind system (Subrahmanyam et al, 2012b).
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2. DESCRIBING LOCATION, INPUT DATA AND CALCULATION
METHOD

In this case, we want to describe our incoming data and location.

2.1 Location

This hybrid plant is located in Istanbul Technical University in the Sariyer district with
41.191111 latitudes and 29.009444 longitudes. The location of University is shown in

Figure 2.1.
‘ m
Stileyman Demirel
Kiltir Merkezi
Istanbul
_ Teknik
ITU Ingaat Fakdltesi Universitesi
(1]
OITU goleti
Stadium
iT0 Stadyumu *
Figure 2.1 : ITU location (Url-2).
2.2 Data

Our data which are wind speed and solar irradiance and temperature, are collected
from meteorology station which was located on the campus. All of these data belongs
to 1st of January to 31 December of 2003.
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2.2.1 Wind speed data

In the figure below the hourly variation of wind speed in the year 2003 is shown in
Figure 2.2.
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Figure 2.2 : Hourly wind speed variation.

According to the above figure the wind speed is stronger in winter. Also maximum
value of wind speed at this height is 7.9 m/s and minimum value is 0.02 m/s also mean
value is 1.4 m/s.

2.2.2 Solar irradiances

The amount of annual solar irradiances which was measured by meteorology station’s
pyranometer is illustrated in Figure 2.3. These data are annual data and hourly data.
The total number of hours during one year is 8760 hour. It means that the average
value of the wind speed or solar irradiances is recorded in one hour.
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Figure 2.3 : Hourly solar irradiances variation.

Also in Figure 2.4 we can see variation of temperature during the year 2003.
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Figure 2.4 : Hourly average of temperature.
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The temperature of the environment is important to calculate the PV temperature.
Because, the efficiency of panels is depended to the temperature.

2.3 Calculation Method
In this section calculation method will be described for each system.

2.3.1 Calculation for solar sytem

In the solar system, firstly the incidence angle must be obtained. The incidence angle
can be calculated from the equation (1.11). We have to compute incidence angle for
each hour. In this case, we consider panel tilt 31 which is 10 degrees lower than local
latitude. By multiplying the result of this equation to solar irradiances the amount of
solar irradiance which reaches to PV panel can be obtained in one hour. After this step,
we have to compute the solar panels temperature. As it has been mentioned in
previouse pages (according to the equation (1.21)) the operating cell temperature of
photovoltaic moduls directly affect the performans of PV system. So we have to
estimate modules operating temperature. For this purpose we use an equation which
has presented by (Muzathik, 2014).

Todue (°C) =0.943 xT +0.0195 x Irradiance —1.528 xWindSpeed +0.3529 (2.1)

ambient
From equation (1.21) the efficiency of mudule can be obtained :
n; =1+ (a+ B)AT =1+ (a + B)(T —25) (2.2)

Then we can compute the efficiency for each hour. After that by multiplying

efficiency to solar iraadiances the amount of power generation can be obtained

P

solar

= irradiancexcosé x n. (2.3)

2.3.2 Calculation for wind system

In the wind system at first, we have configured our wind turbine characteristic. We
have chosen Enercon E-44 900KW wind turbine for this purpose. Because for
generation power at this output power, a license from the government is not needed.

This turbine operates at 5m/s cut-in speed and 25m/s cut-off speed.

The characteristic of wind speed and output power curve is shown in Figure 2.5.
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Figure 2.5 : The charactersictic of wind speed and output power curve

We have approximate this curve by Matlab and extarcted the relation between wind

speed and out put power according to Figure 2.5 .

And the coefficients are

a=2.284706792
b=-0.19393455
c=-4.48401902
d=0.015823826
£=2.223501227
f=-0.00060624

g=-0.16978386
j=1.17875¢-05

k=0.006247327

a+ov+ev’ +gve+ jv

Wi = v dv? + FV 4 KV

(2.4)

The curve of this equation is shown in the Figure 2.6. Also, it is illustrated the same

values of wind turbine characteristic.
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Figure 2.6 : Curve of approximated relation.

In the wind power generation we have chosen Enercon E-44 wind turbine which has
900 kW nominal output power and 45 meters height. For computing wind speed the
Hellman equation is used in a way that the Hellman exponent is obtained by using the
wind speed at given heights at 2 meters and 10 meters . Then it is calculated in 45
meter which is the height of the turbine’s hub. At the end, we have used the calculated
wind speed at 45 meters as an input of equation (2.4) so we can extract the generation

of the wind system in each houre.

At the last step, we have computed the daily energy generation of each system. By
adding solar and wind system outputs we obtained the total energy generation of the

hybrid system for each day.

Then we have computed the solar system proportion and wind system proportion in
percent for each day. By calculating the daily average proportion of wind system and
solar system and multiplying annual average of these percent to the output power of
each system the optimal power generation capacity is obtained and so the nominal
established power generation is 900 kW.

32



3. RESULTS

In this chapter we will demonstrate the result of the our caculation .

3.1 Solar System

As it has been described in the last chapter firstly we have calculated the solar

incidence angle. The variason of the incidiance angle is shown in below Figure 3.1.
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Figure 3.1 : Hourly variation of incidince angle.

We must use the cos of this angle which is shown in below. This is the solar incidence
angle which is the angle between the sun’s irradiance and the normal on a panel. This
is used for calculation amount of solar irradiances reaching the pv panel during sun

radiation in daylight. The cos of incidince angle is shown in Figure 3.2.
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Figure 3.2 : Hourly changes of cos(8).

By multiplying cos of incidince angle to the sun irradiance the amont solar iradiance
which reches to PV can be obtained the results of this multiplication is illastrated in

Figure 3.3.
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Figure 3.3 : The amount of solar irradiance which reches to PV.

34



In this step we have to estimate the PV temperature. We have used the equation (2.1)

for this goal. The input data for this equation is wind speed at 2 meters height and the

solar irradiance and the ambient temperature. The result is shown in Figure 3.4.

PV temperature(C)
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0 1000 2000 3000 4000 5000 6000 7000 8000 9000
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Figure 3.4 : Hourly variation of PV temperature.

According to the Figure 1.22, Figure 1.23, Figure 1.24 and equation (1.21) we have

calculated the output power of one panel in 1 meter square. The result for

Monocrystalline is shown in Figure 3.5.
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Figure 3.5 : Hourly output power of Monocrystalline.
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The results for Polycrystalline is shown in Figure 3.6.
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Figure 3.6 : Hourly output power of Polycrystalline.

The results for Multijuction is shown in Figure 3.7.
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Figure 3.7 : Hourly output power of Multijunction.

By considering our nominal output power 900 kw we have to calculate number of
panels. We have used the electrical data of PV panel for each type and we have
calculated the the total panel surface by dividing this surface to each panel area the
total number of panels can be obtained from this way.
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For Monocrystalline :

2
OKW _ g01 3m? = 31" _ 3913 04 = 3013 number of panels (3.1)
1.25m

184W /' m

3913x1.25m” = 4891.25m” total panel area (3.2)
3913x1.25m* = 4891.25m” total panel area (3.3)

For Poly-crystalline :

2
_S00kW - =6338.02m* = m =3335.8 = 3336 number of panels (3.4)
142W /'m 1.9m
3335.8x1.9m* = 6338.4m*total panel area (3.5)

For Multijunction :

2
M =10588 .23m?* = M = 6228 .37 = 6228 number of panels  (3.6)

85W /m? 1.7m

6228x1.7m* =10587.6m” total panel area (3.7)

By multiplying these areas to the hourly output of each type of panel the hourly power
genertion of solar system can be obtained in one year. The results for Monocrystalline

is shown in Figure 3.8.
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Figure 3.8 : Output power of Monocrystalline.
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The total annual power generation in this case is: 888.536975MWh. The results for
Polycrystalline is shown in Figure 3.9.
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Figure 3.9 : Output power of Polycrystalline.

The total annual power generation in this case is: 875.031736 MWh. The results for

Multijunction is shown in Figure 3.10.
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Figure 3.10 : Output power of Multijunction.

The total annual power generation in this case is: 888.256499 MWh.
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3.2 Wind System

For calculating the output power of wind system firstly we must estimate the wind
speed at wind turbine’s height which is 45 meter. The wind speed at 2 meters and 10
meters is known. In each hour so by using Hellman equation which is equation (1.10)
the wind speed at 45-meter height can be obtained. In the figure below the result of
this equation is illustrated in Figure 3.11.
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Figure 3.11 : Estimated wind speed at 45 m height.
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Then we have used the results of this estimation as an input of equation (2.4) the results

are shown in below Figure 3.12.
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Figure 3.12 : Power generated by wind speed at 45 m height.
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The hourly power genertion of wind sytem is demonstrated in Figure 3.13.
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Figure 3.13 : Hourly wind power generation.
In this chapter, we have seen the results of the equation under several conditions.

In next chapter will describe and show the combination of these results in the hybrid

system. The total wind system energy genertion is 345.299822 MWh.
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4. BEHAVIOUR AND THE OUTPUT OF THE HYBRID SYSTEM

In this case firstly we have caculated the daily generation of system then, we have
obtained proportion for each system at the last step we have calculated capacity factor.

The result of wind energy generation is shown in Figure 4.1.
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Figure 4.1 : Daily generation of wind system.

After that we must calculate the daily generation of solar system. The daily generation

of solar system with Monocrystalline type PV is shown in Figure 4.2.
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Figure 4.2 : Daily power generation of Monocrystalline.
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And we have given the seasonal power generation for each system in Table 4.1.

Table 4.1 : Seasonal power generation for wind and solar system.

€ System Wind (MWh) Solar (MWh)
Spring 90.6765 315.87262
Summer 65.90944 325.2744
Fall 97.75657 138.78151
Winter 91.96217 108.32295

Both of these generation in one figure is illustrated in Figure 4.3. We can see the
complementary feature of hybrid system in the Figure 4.3.
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Figure 4.3 : Solar and wind daily generation.

In the next step we are going to calculate the proportion of wind system and solar
system in daily hybrid generation.
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4.1 Proportion Calculation

By adding the solar energy and wind energy we have more susutainable power
generation , which was our puepose in this hybrid system. Then it is obvious that the
maximum and minumum power generation of solar system and wind system maches

each other in the Figure 4.4.
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Figure 4.4 : Hybrid system output.

By adding solar and wind system outputs we obtained the total energy generation of
the hybrid system for each day, then we have to compute the solar system proportion
and wind system proportion in percent for each day. By calculating the daily average
proportion of wind system and solar system and multiplying annual average of these
percent to the output power of each system the optimal power generation capacity is

obtained. The results of average is:
e Solar Monocrystalline proportion : 72.02% = 72%
e Wind system proportion . 27.98% = 28%

The aim of this calculation is to obtain the most suitable propotion for both wind

system and solar sytem to generate power at 900 kW.
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The proportional daily solar power genration for Monocrystalline is shown in Figure
4.5.
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Figure 4.5 : Proportional solar power generation.

Proportional daily wind power genration during one year is illustrated in Figure 4.6.
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Figure 4.6 : Porportional daily wind power genration in kWh.

It is obvious that the wind power generation has decreased dramatically.
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At the end we can see the proportional hybrid system output in the Figure 4.7.
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Figure 4.7 : Proportional hybrid system daily power generation kWh.

Total porpotional hybrid system power generation is : 736.430572 MWh. In the same
way we have calculated the proportion of Polycrystalline and Multijunction, which are

given in the Table 4.2. As it can be seen there is no dramatic diffrence among these

values.
Table 4.2 : Proportion of energy generation and hybrid system output.
Type of PV Proportion Proportion of Hybrid system
wind output
Monocrystalline 72.17% 27.83% 736.43057 MWh
Polycrystalline 72.02% 27.98% 726.7068 MWh
Multijunction 72.18% 27.82% 736.22863 MWh

In the next step we have calculated each sytems capacity factors.
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4.2 Calculation of Capacity Factor For Wind System And Solar ystem

In this case, we are going to calculate the capacity factors of each system.The aim of
this calculation is to understand that how much is these system is suitable for this

location.

4.2.1 Calculation of the capacity factor for the wind system

You can see the relation for calculating the capacity factor for wind system below:

output power of the wind system __ 345.299822MWh

365(days)x24(h;’;‘;s)xgoo kw 7884MWh

= 0.04379 = 4.379% 4.1)

4.2.2 Calculation of the capacity factor for the solar system

You can see the relation for calculating the capacity factor for solar (mono-crystalline)

system below.

output power of the wind system _ 888.5369MWh

365(days)x24(h;’;‘;s)x9oo kw 7884MWh

=0.1127 = 11.27% 4.2)
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5. CONCLUSION

In this study, we have analyzed the behavior of the hybrid wind-solar power plant for
ITU Ayazaga campus. We have chosen 900 kW system because this kind of system
with this capacity does not need any license from the government. We have calculated
the output power of wind system and solar system, then select the proportion for each
system to keep output power at 900 kW.

It can be said that it is generally appropriate to use 72% photovoltaic and 28% wind
components for such a wind-solar hybrid system since the rates obtained from energy
production and energy production values are very close to each other. This means
about 650 kW solar and 250 kW wind as installed power.

In the selection of the photovoltaic cell type, one can favor one of the two because
mono-crystalline or multijunction thin films produce almost the same amount, but the
panel area will affect the decision of the area, price and availability to cover the
photovoltaic field. If you look at the photovoltaic battery used in this study, the mono-
crystal pylon area of 230 W power is 1.25 m?, the poly-crystal pylon area is 1.9 m? at
the 270 W power and the multijunction thin film area at 145 W power is 1.7 m?.

According to the results, we have calculated the capacity factor for the wind system
and solar system. And results demonstrates the wind system is not suitable for this

system because of the low capacity factor.

Although the use of wind-solar hybrid power plant provides more homogeneous
electricity generation during the year, it is clear that solar energy for ITU Ayazaga
campus is a priority. Therefore, the establishment of solar panels on the roofs of
buildings within the campus can be a priority. Since the floor problem is highlighted
in roof installations, it may be advisable to use mono-crystal, which is the highest type

of panel to provide the highest installed power.
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