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ABSTRACT

ESTIMATION OF DIFFUSE SOLAR IRRADIATION

AND ITS EFFECTS ON PV POWER PLANT PRODUCTIONT METU NCC
Kavas, Genco
M.Sc.,Sustainable Environment and Energy Systems
Supervisor: Assist. Prof. Dr. Onur Taylan
August 201984 pages

Excess amount of greenhouse gas (GHG) emission is the main reason of global
warming. Renewable energy systems are one poss#yleéo decrease GHG emission

and solar energy is one of options; however, fluctuations on solar energy production
is one of the main drawbacks. Accurate estimation of energy production from a solar
power plant, such as Pbased plant is important to sdyisenergy demand
successfully. To be able to estimate energy production in advance, solar energy
incident on PV modules should be known first. For this thesis, the most accurate model
is sought to estimate solar energy on a tilted surface in Cyprus. dlieb estimate

total solar energy on a tilted surface GHI, DNI and DHI values should be known;
however, DHI measurement is available for some parts of the World for a limited
period. There are some models to estimate DHI and as a first step the mosieaccu
model is foundo estimate DHI for Cyprus. Different models from the literature have
been checked and models which give accurate results in the locations which are close
Cyprus are determined and these models are checked for Cyprus. According to this

compar i sondmBdelislsaectédsas tRednost accurate model to estimate for



Cyprus. For the second part of this thesis, different models to estimate total solar

energy on a tilted surface are checked. Estimation results were compared with
measuements collected with a mttited pyranometer in METU NCC. Lidordan,

Perez, Muneer, Skartvedlseth Hay and Davies Reindl, HDKR and Badescu

models were checked and according to comparison results simple, isotropic models

like Liu-Jordan and Badescaye more accurate results than most sophisticated model

Perez. %RMSE between tilted measurement and isotropic models (Badescu-and Liu
Jordan) were 17 %. Same steps were “repeated v
model and some equations are suggested according to DHI measurements collected in

METU NCC. %RMSE between measured tilted irradiation and tilted irradiation

calcul ated with DHI 'trmodel wes 684 Additionally, Bai | ek 6 s
%RMSE for total tiled energy calculated with equation created for this study was

72%. Energy production from a PV power plant with this tilted estimation was

compared with actual production of METU NCC PV power plant. %RMSE between

actual production and estimation with measu DHI was about 20% for all the

models, but Badescu model gave the most accurate estimation with 18%. %RMSE

calculated for the same models, but instead of measured DHI, DHI estimated with

Bail ekds 23 model was used andelgavetharl t s wer e
most accurate estimation with 22%. %RMSE calculated energy production from tilted
measurement which has the same tilt angle with PV modules of METU NCC PV

power plant. %RMSE was 20.3% and this showed that energy production estimation

with measired or estimated DHI was very close to energy estimation amount with

measured titled irradiation. These results showed that DHI can be estimated with

Bail ekds 23 model accurately, siJdorgahe i sotrop

can be used to estiteatotal irradiation on a tilted surface accurately. When these



estimations are used to estimate energy production of PV power plant, they would

work with a high accuracy.

Keywords: solar energy, DHI estimation, estimation of total solar energy on d tilte

surface, energy production with PV systems.
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CHAPTER 17 INTRODUCTION

1.1. Problem Statement

I n todaydés worl d | i visalgostimposkilbewand there are t r i ¢
different energy production methods to satisfy this energy demand. Conventional
energy production methods such as coal, oil or natural gas based thermal power plants
are reliable systems however, these systems causécsignamount of greenhouse

gas (GHG) emission which is the main cause of global warming and climate change
[1]. To decline the effects of climate change, GHG emission should be decreased.
Renewable energlyased power plants do not emit GHG during energy production
because they use clean energy res@usaeh as sun, wind, hydro, €2] One of the
drawbacks of renewable energy systems is thaggmeroduction is not at a constant

rate, it fluctuates. Point of interest of this thesis is solar energy and for solar, energy
production amount of a solar power plant varies with #irased on the variations in

the solar resource. It is important to tseato properly estimate the energy production
that will be produced in advance because energy produced should ideally match the
energy consumption requirement. To estimate energy production of a photovoltaic
(PV) module, solar radiation which is incidemt a PV module should be known. PV
modules are mostly placed with a tilt angle to increase solar income but estimating
solar income on a tilted surface is not an easy task. To estimate total solar energy on
tilted PV modules, expensive and sophisticatedsueement tools are required but for
most of the locations data for these tools are not avaflgblBecause of these reasons
there are different models to estimate solar energy on a tilted surface, but the

estimation accuracy of these models is not high for some locations. Optimum solar



estimation model should be determined for Cyprus because iskndoti
interconnected to mainland and sudden changes at ratio between energy consumption
and production may cause fatal system failures. Also estimating solar energy potential

of a PV power plant is important for economic aspects.

1.2. Objective of the Stug

Estimation of solar energy on a tilted surface is an important task of solar-taeegy
projects. Energy income on a flat surface can be increased by tilting the surface with
an angle. Tilt angle which maximize energy income of these surfaces can be
cdculated. Calculation of tilt angle is completely another task because this angle
should be adjusted according to energy load. However, almost all of the PV modules
or solar thermal panels are installed with a tilt angle. For horizontal and tilted surfaces
solar energy income has 3 composeuirect solar energy, diffusmlar energy and
albedo solar energ¥igurel shows direct (beam), diffuse and reflectelthedo) solar
energy. Albedo solar energy is energy reflected from ground and reaches to flat
surface. Albedo can be assumed zero for horizontal surfaces because if a surface is
horizontal to ground, energy reflected from ground would not reach to tladse f

surfaces.

N\ N\
extraterrestrial \\ \, k
radiation 3, N 0
_________________ 6.3 AR PN e aﬁe‘______
(2) \ X v
atmosphere 5 N\ it :
o, N\, A\ Caltering—m

Figure 1. Solar energy componer#]



Calculating solar ezrgy income is important especially for large size solar power
plants. Correct estimation of energy production will be helpful to know the financial
situation of the project. For investors, correct energy income estimation means good
or bad investment arlgy the help of better estimation, if they see solar power plant
will produce more energy than previous estimations, investments in this field will
increase. As the investments in this field increase, carbon emission rate will decrease
because more investmeo solar energy means less investment to conventional power
plants which causes lots of GHG emissions. Another importance of correct estimation
is that if the correct energy production of solar power plate is known beforehand,
backup systems will be grsared according to that. Just like other renewable energy
systems solar based power plants do not give power output all the time. Weather
conditions and the position of the sun directly affect how much energy reaches flat
surfaces and energy output of thggower plants changes. Because of these reasons,
the correct estimation of power output will be helpful for financial analysis and

preparing backup systems according to total energy requirement.

The objective of this thesis is that investigating avadatudies in the solar energy
field and see which models are used to determined total solar radiation on a tilted flat
plate. After that models which is more suitable for METU NCC and Cyprus weather
conditions will be determined. Total solar radiation ortiled surface will be
calculated with most suitable models and these results will be compared with tilted
measurements which were collected from METU NCC solar power plant. As a result
of these comparisons most accurate model to estimate total sodioradin a tilted
surface for Cyprus and locations near to Cyprus. Lastly, the amount of theoretical
energy production from 1 MW solar power plant of METU NCC will be calculated

and compared with the real production amount of same power plant. Purpbie of t



comparison is to see when the estimation accuracy for solar radiation on a tilted surface
increase, the estimation accuracy of energy production from a PV power plant is

increasing or decreasing.

There are lots of different models to calculate salargy income on a tilted flat plate.
Calculation of direct solar energy on a tilted surface is straight forward and same for
these models; however, diffuselar energy calculation is different for each model and

it causes the highest computational ernanirty power output estimation. Calculation

of ground reflected solar energy which is called albedo may cause computational
errors; however, the magnitude of albedo is much less than other two solar energy

components and errors in the computation of allmedyp be neglectefb][6].

Aim of this thesis is calculating solar energy on a tilted surfade diiterent models

and predict how much energy will be produced from METU NCC solar power plant.

The power plant is placed in METU NCC and it has 1 Megawatt (MW) power. This

power plant was established in March 2016 and hourly energy production from this

power plant has been known since that time. This data set will be compared with

energy production predictions which were calculated according to total solar energy

on a tilted surface. As explained before, solar energy on a tilted surface will be
calculatedwith different models and results will be used in energy production
calculatonsModel s whi ch wi | | be used to compare \
isotropic sky, HDKR (Combination of Hay and Davies, Klucher and Reindl models)

Perez, Muneer, Skartve@®@| s et h, Hay and Davi es, Rei ndl al

models.



CHAPTER 271 LITERATURE REVIEW

In this part of the thesis, available studies in literature about estimation of diffuse solar
radiation from GHI ofO and some models which estimates total solar irradiation on
a horizontal plate with different considerations will be shown. In section 2.1 some of
the available studies about estimation of diffuse solar radiation which is incident on a
horizontal plate arehown and in section 2.2 different studies from different locations

about total solar radiation estimation on a tilted plate are shown.

2.1. Studies inLiterature about Accuracy of Estimating Diffuse Radiation with

Clearness Index

Estimaton of solar enegy on a tilted surface requires diffuberizontal radiation

(DHI) and direct normal irradiation (DNI) measurements for most of the models. For
most of the locations these measurements are not available because establishment cost
of devices for these measments are verligh [7]. Most common measurement is

global horizontal irradiation (GHI) and it is available for so many different locations.

GHI measurement requieonly one pyranometer. There are different models to
estimate DHI from GHI. These modeigpically use clearness index or sunshine

duration.

In one of these studieBailek et al (2018)[8] compared different models &stimate

DHI for Sahara Desert in Algerian Big South. They measured GHI and DHI for 6
year s 0 frome010  R015. They applied statistical test methodsheir
estimation to be able to see accuracies of these models. They divided these models into
three groups. Models in group 1 are sunshine duration based, models in group 2 are

based on clearness index and models in group 3 are based on sunshine duration and



clearness index. They compared 35 models from group 1, 2 and 3 for Adrar region.
After that, they completed comparison and selected most accurate model for Adrar
region, they compared this model with 8 different models available in the literature for
different time periods of Ghardaia and Tamanrasset regions of Al§jakbkel shows

geographical locations, data collection period, monthly mean daily sunshine hour (S)

and some climatic information for Adrar, Ghardaia and Tamanrakakle 2 and

Table3 shows 35 models compared with Adrar measuremdiatsle2 shows model

equations and coefficients of these equations foiskime duratiorbasel models and

Table3 shows for clearness factbased models and sishine duration & clearness

factorbasedmodels.In table 2 and 3Y represents maximum possible ssiine

duration and) repregnts clearness index.

Table 1. Geographic locations and data collection period of Adrar, Ghardaia and

Tamanrass€i8].
Station Adrar Ghardaia Tamanrasset
Latitude JO 27.88 32.36 22.78
Longitude J0 -0.27 3.81 5.51
Elevation & 269 450 1378
Data series period 20102015 20052008 20102012
Mean GHI 0 Of&dt Q& w 6.89 7.44 7.26
Mean™y "O¢ 0 | 9.27 8.68 9.20
Mean"Y JO 25.9 21.34 22.71
MeanY Qda ® ®&a QQo « 23 38.82 28.6

Table2. Equations and coefficients of sghine based DHI estimation modgg$.

Models General forms of the models Values of coefficients
a b c d
D1 Sunshine duration-based models Hy/H = a+b(S/So) +¢(5/50)2 + d(5/50)° 0918 -0.786 0.0 0.0
D2 0.137 1.193 —1.244 0.0
D3 7.943 -28.938 37.281 -16.316
D4 Hg/H = a + blog(5/S) 0.148 ~0.617
D5 Hy/H = a+ bexp(S/Sp) 1.081 ~0.355
D6 Hy/H = a+expb(S/Sy) 0.075 1272
D7 Hyg/Ho = a + b(S/Sp) 0.555 0.447
D8 Hy/Ho = a + blog(§/Sy) +¢(S/Sp)? -0.104 1.225 -1.051
D9 Hy/Hg = a+ b(S/S) + c(5/Sp)* + d(S/Sq)° 7.206 -26.993 35.028 -15.280
D10 Hy/Ho = a + blog(5/Sq) 0.118 -0.350
D11 .Ht' =a+ bexp(S,’So) 0.649 -0.203
D12 Hy/Hy = a + expb(S/Sg) -0.307 -0.852




D1 is taken fron{9], D2 is taken fronj10], D3 is t&en from[11], D4 is taken from
[12], D7 is taken fronj13] , D9 is taken fronj14], and D10 is taken frorfi2], D13
is taken fron{15], D14 is taken fronfi16] , D15 is taken fronjl7], D19 is taken from
[13], D20 is taken fronjll], D21 is taken fronjl8], D25 is taken fronj19], D26 is

taken from[3], D27 is taken fronfil5], and D32 is taken frof3].

Table 3. Equations and coefficients of clearness index and sunshine duration based
DHI estimation modelf8].

Models Regression equation Values of coefficients
a b c d e f z
clearness index-based models (Category 11)
D13 Hy/H = a + bK; + k2 + dK? 0.797 0.734 0.0 0.0
D14 4612 15.113 11.580 0.0
D15 15.724 64.032 83.180 34.845
D16 Hy/H = a + blog(K;) 0.109 0.486
D17 Hy/H = a + bexp(K;) 1.042 0377
D18 Hy/H = a + expb(Ky) 0.008 1.451
D19 Hy/Hy = a + bK¢ + ckZ + dK3 0.341 0206 0.0 0.0
D20 3.780 11.868 8.823 0.0
D21 4.101 13.282 10.892 1.007
D22 Hy/Hy = a + blog(Ky) 0.150 0.130
D23 Hy/Hy = a + bexp(K;) 0.417 0.109
D24 Hy/Hy = a + expb(K;) 0387 0.765
Sunshine duration and clearness index-based models (Category III)
D25 Hy/H = a + bK¢ + ¢(5/Sp) 0.529 0.867 1.047
D26 ﬂHL:ﬂ FbK¢ + cK2 +d(S/Sa) 4 e(5/50)> 2657 8511 5.609 0420 0907
D27 B a4 bR+ eK2 4 dK2 + e(5/So) +F(S/S0) +2(5/Sa)? 21.898 91.591 140.845 71.227 6262  7.268 3322
D28 Hy/H = a + blog(K;) + clog(5/Sg) 0.321 0.585 0.819
D29 Hy/H = a + bexp(K;) + cexp(S/Sq) 0.474 0437 0.473
D30 Hy/H = a + exp(bK;) + exp(cS /Sq) 0967 0.162 1.246
D31 Hg/Hy = a + bK¢ + ¢(5/5p) 0.159 0.884 0.713
D32 Hy/Hy = a+ bK; + cK2 + d(S5/Sp) + e(5/So)2 2487 7.160 4,605 0.568 0.793
D33 %::a b bK; + K2 + dK32 + e(S/Sg) + f(5/S0)* + g(5/S0)> 21.229 88.295 134.985 67.857 6929 8.446 3.781
D34 Hy/Hy = a + blog(Ky) + clog(S/Sg) 0.294 0.598 0.556
D35 Hg/Hy = a + bexp(Ky) + cexp(S/Sp) 0.029 0.446 0323

Figure2 showsthe minimum and maximumertainty indicatas at 95% and R values

among all the considerextimations. According to these results group 1 modeks ha

the highest R value and the lowest alues. Group 2 models have the lowest R value

and the highest 44 values among these three groups. As a conclusiéiigafe?2, it

can be said that group 1 has the most accurate models and group 3 has the least accurate
models.Figure 3 shows statisticatesults for 35 different models. Bailek et ]

checked mean percentage error (MPE), root mean square error (RMSE), U8t R, t
(showed as TS in the table) and global performance indicator (GPI). Last column of

Figure 3 shows rank of accuracy for 38odels and most accurate model was D2.



Bailek et al.[8] compared D2 with 8 other models with using Adrar, Ghardaia and
Tamanrasset dat&igure 3 shows the 8 models from literature and statistical results
for them. These models compared with D2 for 3 different locations in Sahara Desert
in Algeria and D2 model is the most accurate among these 9 mddetsnclude,
Bailek et al.[8] compared DHI estimation models for 3 different locations in Sahara
Desert in Algeria for different time periods and they found that most accurate model
to estimate DHI from GHI was in group 1 which uséyaunshine duration. Models

use clearness index showed worse accuracy than models useirsimuration for

Sahara Desert climatic conditiof8.

There are explanations for some stats@tcomparison methods which is usedkiis
studyand inother studies. Mean Absolute Percentage Error (MAPE), Mean Bias Error
(MBE), Root Mean Square Error (RMSE) arstatistic. MAPE indicates accuracy of
results as percentage. MBE provides information on the-tleimg performance of
models Normally low value of MBE is desired. Positive value of MBE gives average

of overestimdion and negative MBE values give average urelimations. A
drawback of this test is that some under and over estimations will cancel each other.
Other test methodare required to get actual accuracy of models. RMSE gives
information on shorterm performance of models. This term is always positive; zero

value is desired. Lower RMSE means that better performance for solar model.



0.96
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Figure 2. Comparison of the statistical performance of group 1, 2 and 3.4a08%
uncertainty indicator; (b) R correlation coefficiej@].

) Models  MPE RMSE  U95 R 5 Pl Rank
Hy/H = -0.59276 + 4.60382(5/5q) — 6.85670(5/S¢) Adrar site
3 D2 0010 0935 2578 0951 1657 0943 1
+ 3,06795[5;’50] (9} Eq (9 0.152 2510 6190 0917 5.162 1937 5
! Eq(10) 0198 2517 5973 0967 6497 -2155 6
Eq (11 0088 1049 2905 0943 1769 0464 2
, ‘ Eq(12) -0151 1121 2892 0959 3751 -0138 3
Hq/H = 0.888 — 0.737K; — 0.176(5/Sp) (10) | eqis) 0238 2892 6814 0959 6778 -2755 8
Eq(14) 0170 2798 6897 0876 5184 2447 7
Eq(15) 0160 1901 4469 0951 6872 1551 4
Hy/H=0.79 - 0.59(5/Sg) (11) | Eat16) 0266 2942 7399 0684 4548 3554 9
d ! Tamanrasset site
D2 0056 1163 3245 0906 0287 0659 1
, , Eq(9) 0330 4775 12075 0258 4377 3341 9
Hy/H = 0.927 — 0.595(5/Sq) — 0.164K; (12) | eqri0) o282 3606 8867 0411 5269 2530 7
Eq(11) -0177 1363 3352 0929 5261 0039 2
Eq(12) -0213 1717 4210 0887 5361 0224 1
Hy/H = 0.798 - 0.0702(5/Sq) — 0.7475K; (13) | Eat13) 0330 3926 9445 0402 600G -2965 8
' o Eq(14 0.235 4619 12.848 0.021 0.704 2030 3
Eq(15) 0125 2046 5278 0783 3769 0856 4
. 5 Eq(16) 0273 3532 9181 0617 3526 2068 6
HdH = 3494 - 9025K[ + 6224 Kl [:14} Ghardaia site
D2 0137 2071 5156 0825 4997 1068 1
Eq(9) 0225 4768 12490 0147 4157 0030 7
oo . Eq(10) 0207 3971 10284 0259 4633 0156 6
Hy/Hy = 0.311 4 0.078(5/Sg) — 0.314(5/Sy) (15) | eqi11) 0196 3762 10378 0411 1480 1060 2
EQ (12 0256 4077 11154 0388 2061 1050 3
Eq(13) 0280 4008 9989 0270 6183 0182 8§
f o ool Eq(14) 0284 3910 10703 0161 2026 0744 5
Hy/Hg = -2.313 4+ 7.393(5/5¢) — 5.314(S/Sy) (16) Eq(15) 0069 3355 9106 0372 2533 0856 4
Eq(16) 2409 31756 84292 0168 3597 2447 9
(a) (b)

Figure 3. Comparison results for 8 new models from literature and moda)s.
equation of models; (b) statistical results and accuracy [&8hk

In another studyJlgen and Hepbasli (2009) investigated DHirastion models for

Tur k e ycibies[18). Thepy used clearness index and sunshine duration to estimate
DHI separatelyThey used monthly averages of daily difted global solar radiation

for 16 years, starting from 1990 to 200khey divided their investigation to four
groups. Group 1 and 3 are function of clearness index. Group 2 and 4 are functions of

sunshine duration. For group 1, ratio between DHI andi&Hfunction of clearness



index. For group 2, ratio between DHI and GHI is a function of sunshine duration. For
group 3, ratio between DHI and extraterrestrial radiationis a function of clearness
index 'Q [11] and for group 4, ratio between DHI and extraterrestrial radiat®n

is a function of swshine duration™Y. Y represents maximum possible daily sunshine

hour.
Group 1[20]; ' 090 Q0 000
p ; v 000 0
Group 2[21]; ) 000 Q |
up 2[21]; O Too @
Group 3[11]; ' 000 QQ 000
P ' v (O] (O]
Group 4[21]; ' 000 Q |
up 4[21]; V] 0 v

There are 17 different models under group 1, 6 different models under group 2, 3
different models under group 3 and 6 difiet models under group 4 category. For

example,Equatiors (1), (2), (3), and @) show one examplfor group 1, 2, 3 and,4

respectively{18].
O PP CT TP L X T @ &V (1) [11]
Y
O TEoTE YUk (2) [11]
0 ™o pTR 0Q (3)[11]
' Y ny
0 n&cnun&itpc% T@CO&W (4) [21]
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Ulgen and Hepbasli compared theskEl IBestimation models foknkara, Istanbul
and Izmir inTurkey[18] . Geographical locations of these cities are shown in

Table4. They checked accuracy ofHD estimation models from the years of 1990
2006. Extraterrestrial radiatioriO and maximum possible stghine duration™Y

were calculated from fundamental mathematical expressimhgheey are shown in
equation 88) and @0) respectively. Since Bl measurements for these 3 cities were
not available for that time period, Ulgen and Hepbasli used average of these 32 models
to calibrate new correlation models. 8 new hybrid modelsevdeveloped by taking
linear and polynomial forms of each grolgguations %)-(12) These equations are
developed for whole Turkey region afat places have similar climatic conditions.
Theauthos alsochecked all these 32 models for these 3 cities individualgtistical

test methods were applied to model results. Most accurate models for each city
determined individually foall thegroups. According to group 1 resulEgjuation b)

has the smallestdtat value for Ankara and Izmir afguation ) has the smallest t

stat value for Istanbul. According to group 2 resuigation ) has the smallest t

stat value for Ankara, Istanbul and Izmir. According to group 3 redtdisation 9)

has the smalleststat value for Ankara and Istanbul akduation (L0) gives the
smallest 4stat value for Izmir. Lastly, for group Equation (1) gives the smallest t

stat value for Istanbul and Izmir aggjuation (2) gives the smallestdtat value for
Ankara.The aithors suggestito use models give smallesttat values for these cities.

Equatiors (47)(54) inTable5 correspond to uation 6)-(12) in this work[18].

Table4. Geographical locations of Ankara, Istanbul and 1z{idi].

Station Longitude Latitude Altitude &
Ankara oc¢Jla®o cwla ) 89%
Istanbul ¢ wlam v Tl Yy 39

|zmir ¢ xJep T owJeg 1 15
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Group 1,

Group 1,

Group 2;

Group 2;

Group 3;

Group 3;

Group 4;

Group 4;
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Table5. MBE, RMSE, MAPE, SSRE, RSE, R2 asthsvalues of equations for each

city [18].
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Additionally, Bakirci (2015)[22] establisheshew solar mdels to estimate DHafter

he checked several different models in the literature. BgRi2¢iused measurement

from different cities of Turkey and established new models for different cities of
Turkey.He used monthly average daily values of GHI and sunshine duration between
the years of 1975 and 200He compared resultsf 15 different DHI estimation
models and came up with 18 new DHI estimation models. He grouped models into
three group. In group 1; monthly mean diffuse fraction is a function of monthly mean
clearness index. In group 2; monthly mean diffuse fractiofue@ion of the monthly
mean sunshine duration and in group 3; monthly mean diffuse fraction is a function of
monthly mean clearness index and monthly mean sunshine durdiole.7 shows

the cities Bakirci considered, geographical location and data collection period.

Table6. Functions of three groups of Bakirci's study.

Group 1, Group 2; Group 3;
000 o0 000 oy 000 Oy
‘000 ‘000 ‘000

Table7. Geographical locations and data measurement periods for 8 cities of Turkey
[22].

Location Longitude Latitude Elevation Measured data
JO JO (m)
Period Total
years
Adana 35.18 36.59 20 1975 33
2007
Ankara 32.53 39.57 894 1975 32
2006
Diyarb 40.12 37.55 660 1975 33
2007
Erzurum 41.16 39.55 1869 1975 33
2007
Istanbul 29.05 40.58 39 1975 32
2006
lzmir 27.10 38.24 25 1975 32
2006
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Samsun 36.20 41.17 44 1975 32
2006

Trabzon 39.43 41.00 30 1975 31
2005

Bakirci [22] derived 18 new models to estimddil. He used GHI, 'O, sunshine
duration and maximum possible sunshine duration measurements supplied by Turkish
State Meteorological Service for 8 typical meteorological stations in Turkey. Bakirci
[22] applied MBE, MABE and RMSE statistical test methods and calculated R value
for thesemodels. According to his resslall of the 18derived models showery good
accuracy for average of Turkey. Also, some models that Bakirci used to derive new
models showed good accuracy for Turkey.
accurate model for average of the eight cities is foundtlaisdmoc! is shown as
Equation L3). This model uses both clearness index and sunshine duration. Bakirci
had more 5 years of DHI data for Gebze city and he compared some modetsefrom
literature and some models that he derived with these data. He applied statistical test
methods to models that he collected from literature and chibesmost accurate
models for Gebze and Turkdyigure4 shows comparison results between measured
DHI values from Gebze and estimated DHI values from 5 different mdelglse4
contains Eq. 24, M1, M4, M15 andZBwhich correspond tequatiors (13), (14), (15),

(16) and (7) respectivelyin this studyMABE and RMSE values for 18 new derived
modds are shown ifTable9 andTablel0. Also, Table8 shows regression coefients

for these modelsMABE and RMSE values for these models are higher than
acceptable range except for eq. 24 which is shown as EquaBpimn(this study
According to Bakircidos work it can be ¢
clearness index is not enough by itself. Models which are function of clearness index

and surshine duration shogd better accuracig®?].
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Figure 4. Comparison of values of monthly average DHI measured and estimated for
Gebzd22].
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Table8. Regression coefficients for modeld3[22].

Function Equations a b C d R?
Kd =f(l{t) E-1. Linear 1.0328 —-1.1801 — - 0.9332
E-2. Quadratic 1.0087 -1.0779 -0.1058 — 0.9333
E-3. Cubic 0.7385 06507 -3.7177 24684 0.9335
Kd Zf(S/SD:) E-4. Linear ' 0.7379 -0.5268 - - 0.9408
E-5. Quadratic 0.7715 -0.6632 0.1241 - 0.9423
E-6. Cubic 0.8042 -08704 0.5278 -0.2449 0.9424
Kaq =f(k) E-7. Linear . 0.2684 -0.1079 — - 0.2312
E-8. Quadratic -0.0072 1.0640 -1.2132 - 0.4399
E-9. Cubic -0.1173 17684 -2.6850 1.0058 04411
K, =f(S/S,) E-10. Linear . 0.2581 -0.0800 - . 0.6420
E-11. Quadratic 0.2031 0.1436 -0.2034 - 0.7583
E-12. Cubic 0.1467 05005 -0.8989 04219 0.7723

Table9. Statistical indicators of derived models with Gebze DHI measumsi22].
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