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Conversion efficiency of DC/AC inverters depends on some parameters and fluctuates over the input power of the inverter. 
Since the PV inverters operate under a fluctuating input power supplied by the PV modules, conversion efficiency must be 
measured against the weights of the probable power ranges which represent the various irradiation values. This approach 
of having different weights for different irradiation ranges resulted in two basic weighted conversion efficiency models of 
ηEURO and ηCEC. These two models consider the irradiation distribution over the whole annual sunny time and prioritize the 
ranges with various weight factors. Since the irradiation profiles vary around the planet, inverter efficiencies must be 
evaluated against local irradiation profiles to get more precise annual energy yield estimation. This paper presents ηİZMİR, a 
weighted conversion efficiency evaluation model, derived from the İzmir irradiation profile. This model has been developed 
in a way that it should be simple and accurate so it has been matched with other models for its estimation capabilities. The 
results are discussed here and suggestions being made. 
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1. Introduction 
 
Penetration of grid connected photovoltaic power 

systems (PVPS) is rapidly increasing for two decades. As 
they are being an embedded part of the electric networks, 
their electricity generations have started to be studied more 
intensively. The incentives given by the governments for 
those systems due to the paradigm change in the energy 
field has triggered a further acceleration in those studies. 

Electricity generation of a PV power system depends 
on the solar irradiation received by the PV modules and 
the efficiency of the system. The efficiency of a PVPS on 
the other hand, is a multifold concept covering conversion 
efficiency of the PV modules along with the conversion 
efficiency, MPPT performance and some other properties 
of PV inverter used. 

PV inverters are evaluated with their overall 
efficiency. Overall efficiency is described as the ratio of 
the energy delivered by the PV inverter at the AC 
terminals to the energy provided by the PV array [1]. The 
two efficiencies involved in the inverters are conversion 
efficiency (ηconv) and MPPT efficiency (ηMPPT) described 
as, 
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respectively, where, 

ሻݐ஺஼ሺ݌ ·  is instantaneous value of the delivered ݐ݀
power at the AC terminal, 
ሻݐ஽஼ሺ݌ ·  is instantaneous value of the power ݐ݀
drawn by the inverter, 
p୑୔୔ሺtሻ · dt is instantaneous value of the MPP power 
provided by the PV array (or PV simulator). 
Thus, the overall efficiency including both efficiencies 
becomes; 
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Besides the straightforward mathematics here, 

especially with the grid connected power plants, annual 
yield estimation needs further effects to be studied 
accurately for realistic revenue projections. One these 
would be the input power fluctuations resulting from 
climatic conditions, since the value of PV array power 
explicitly affects both conversion and MPP tracking 
efficiencies of the PV inverter. 

The first weighted efficiency calculation concerning 
the effect of irradiation profile on the inverter efficiency 
has been introduced with north-western Germany climate 
data (Trier) in 1991 [2], [3]. The formula given in a 
footnote of a magazine article then became a well-known 
comparison tool among PV inverters Although the weather 
data used for calculating the weighting factors do not 
represent whole Europe – especially the South – the 
formula know is now known as the “European Efficiency 
– [4]. European Efficiency formula is given as; 

 
 

                      ሺ4ሻ 
1 1 2 2 3 3

4 4 5 5 6 6

EURO EU MPP EU MPP EU MPP

EU MPP EU MPP EU MPP

a a a
a a a

η η η η
η η η

= ⋅ + ⋅ + ⋅

+ ⋅ + ⋅ + ⋅

0

0

( )

( )

M

M

T

AC

conv T

DC

p t dt

p t dt
η

⋅
=

⋅

∫

∫

0

0

( )

( )

M

M

T

DC

MPPT T

MPP

p t dt

p t dt
η

⋅
=

⋅

∫

∫

0

0

( )

( )

M

M

T

AC

T

MPP

p t dt
t conv MPPT

p t dt
η η η

⋅
= ⋅ =

⋅

∫

∫



w
M
t

h
f
W
i
c
C
 

 
 

 

e
e
a
i
i

t
s

e
l
r
a
p
m
I
I
B
i
m
s

where  is
MPPT efficien
these values ar

The varia
highly emphas
for the geograp
With the inc
nstallations ha

comparison to
Commission u

Weig

Pa

PM

Weig

Pa

PM

The quick
evaluates high
emphasizes m
achieve more 
nverter, than 
nverter. 

Evaluation
that, local cl
strategies affec

 
 
2. ETA İz
 
Since the 

effective on 
ocations coul

represent Turk
almost in the 
process, the 
measurements
In some ass
Institute’s me
Basic measure
n DMİ Men

minute resolu
shown in Fig 1

 

W

s the weightin
ncy at partial
re listed in Ta
ations in the
sized in this f
phical locatio

creasing pene
ave been mad

ool has been in
utilizing the Sa

ghting Factor 

artial MPP 
power 

MPP, PVS/PDC,r 

ghting Factor 

artial MPP 
power 

MPP, PVS/PDC,r 

k comparison
her irradiation

more on the lo
precise annu
a maximum 

n of weighte
limatic condi
cts inverters’ 

zmir 

effect of clim
efficiency, 

ld be done. H
key (lat. E42º
middle (lat. E
State Meteo

s database wa
sessments, E
easurement da
ement set is ta
nemen Obser
ution. Annual
1. 

Weighted effici

ng factor and 
l MPP power

able:1. 
e lower irrad
formula, maki
ns with highe

etration of P
de in southern 
ntroduced by 
acramento clim

Table 

 
0,03 

 

0,05 

Table 

 
0,04 

 

0,1 

n of two table
n region in m
ower part. Bo
ual yield esti

m conversion 

ed efficiency 
itions (latitud
energy efficie

matic conditio
further resea

Here, İzmir ha
º-E36º), for it 
E38º30’). Duri
orology Dire
as used as prim
Ege Universi
ata base has 
aken during 2
rvation Statio
l distribution 

iency measurem

 is the s
r. The indices

diation levels
ing it less suit
er solar irradia
VPSs, and m
locations, ano
California En
matic data [5]

1. Weighted eff

 
0,06 

0,1 

2: Weighted eff

0,05 

0,2 

es show that C
more detail and

th can be use
imation for a
efficiency of 

approach sh
de) and trac
encies [6]. 

ns is known t
arch for var
as been chose

geographical
ing the evalua

ectorate’s clim
mary data sou
iy Solar En

also been u
2009 through 2
on no. 1778

of these dat

ment of PV inve
 

static 
s for 

s are 
table 

ation. 
more 
other 
nergy 
]. 

ηCEC
was

 
who

fficiency formula
 

0,13

0,2

fficiency formula
 

0,12

0,3

CEC 
d EE 
ed to 
a PV 
f that 

hows 
cking 

to be 
rious 
en to 
lly is 
ation 
mate 
urce. 

nergy 
used. 
2012 
9 at 
ta is 

 

 

acco
temp
mod

 
and
curr
 

 
whe
TPV

Cη

OCV

SCI

erters: introduci

Using same 
C formula con
s suggested as

 
 

ose coefficient

a coefficients fo

0,1

 

0,3

a coefficients fo

 
0,21

 

0,50

Fig. 1. 2009 irr
M

Energy calcu
ording to EN 

mperature dep
dule has been 

 

irradiance an
rent of a cSi m

ere, 

1

4

CEC CEC

CEC

a
a

η
η

= ⋅

+ ⋅

(, 1OC STCV β= ⋅ +

,SC STC
STC

GI
G

= ⋅

ing ηİZMİR             

structure wit
nsidering the h
; 

ts are shown i

or ηEuro. 

 
0,4

0,5

or ηCEC. 

 
1 0,5

0 0,7

radiation and t
Menemen observ

ulations have 
50530. In th

endent open 
calculated as,

nd temperatu
module has bee

is PV modu

1 2

4 5

MPP CEC

MPP CEC

a
a

η
η

+ ⋅

+

( ))PV STCT Tβ ⋅ − ⋅

(1 ( PV
C

Tα⋅ + ⋅ −

                                    

th the Europe
higher irradia

in Table 2. 

 
8 0,

 
5 1

 
3 0,0

 

5 1

temperature dat
vation station. 

been made fo
his document, 

circuit volt
,  

ure dependent 
en calculated 

ule temperatur

2

5

MPP CEC

MPP CE

a
a

η
η
⋅ +

⋅ +

ln 1
G

G C
C

⎛ ⎛ ⎞
+ ⋅⎜ ⎜ ⎟⎜ ⎝ ⎠⎝

))STCT−

                               55

ean Efficiency
tion condition

(5

 
,2 

1 

 
05 

1 

ta from DMİ 

or cSi module
irradiance an

tage of a cS

ሺ6

t closed circu
as, 

              ሺ7

re ºC; 

3 3

6 6

C MPP

EC MPP

η
η
⋅

⋅

V RC C G
⎞

− ⋅ ⎟⎟
⎠

51 

y, 
ns 

5) 

 

es 
nd 
Si 

6ሻ 

uit 

7ሻ 



552                                                                                    İlker Ongun, Engin Özdemir 
 

TSTC is standard test condition temperature 
25 C°; 
G is solar irradiation W/m2; 
α is temperature coefficient of current 
0,25%/ ºC; 
β  is temperature coefficient of voltage 
0,4%/ ºC; 
and technology depending correction factors 
CR, is 2,514 · 10ିଷ W/m2 
CV, is 8,593 · 10ିଶ 
CG is 1,088 · 10ିସ m2/W. 
 

For simplification reasons, a 1 000 W PV array with 
Uoc,STC=100 V and Isc,STC=10 A has been considered. 

The irradiation data has first been evaluated for annual 
energy distribution against irradiation classes. Results are 
presented in Fig:2. A quick inspection of the graph reveals 

that, one third of annual energy yield would be harvested 
at and below 500 W/m2 irradiation levels. The other one 
thirds would be harvested between 500-750 W/m2 and 
above 750 W/m2 irradiation classes respectively. 

This clearly shows that yield estimations made based 
on European efficiency wouldn’t be valid for İzmir 
irradiation since it assumes 79% of annual yield would be 
harvested at and below 500 W/m2 irradiation levels 
(referring Table:1). 

CEC efficiency on the other hand, shows a closer 
match with İzmir irradiation profile at lower levels since it 
assumes 42% energy yield for that range (referring 
Table:1). However, this model still don’t show a proper 
match for medium and high irradiation levels for it 
assumes 95% of annual yield would be harvested below 
750 W/m2 irradiation levels, which is not the case with 
İzmir data. 

 

 
 

Fig. 2. 2009 irradiation profile evaluation for annual energy yield distribution. 
 

The reason for European efficiency formula is not 
grasping İzmir energy yield can be its being based on 
hourly irradiation averages [4] instead of a high resolution 
irradiation measurement data set. 

The failure of CEC efficiency may be resulted from 
its lack of considering temperature effect significant 
enough. 

Further inspection of İzmir irradiation data and the 
energy yield calculations gives the weights in the Table:3 
for 10% irradiation classes, values in the PMPP/PSTC row is 
representing the midpoints of these bins. 

 
Table 3. Weighted efficiency formula coefficients for ηEuro. 

 
PMPP/PSTC 

(%) 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 

IZM (ALL) 
(%) 1,31 2,83 4,02 4,90 5,72 6,80 8,24 9,12 9,49 11,45 14,41 13,35 7,11 1,03 0,18 0,03 0,01

Cumulative 
energy yield 1,31 4,14 8,16 13,06 18,78 25,58 33,82 42,94 52,43 63,88 78,29 91,64 98,78 98,78 99,96 99,99 100
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