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Abstract: The article presents an analysis of the resouanesthe structure of the solar energy in the afea o
Southern Poland on the basis of complete meteadcalbglata from the AGH University of Science and
Technology in Krakow in 2009. An analysis attemtits use for photovoltaic conversion using differe
modules with different spectral characteristicab$orbers was made. These latest methods for ¢hazat the
structure of solar energy resources such as: ligtons throughout the year: sky clearness or éfmss$ indexes,
the average values of photon energy (APE) and ahéents of the useful fraction (UF) of the solagapum, are
not yet widely known and used as in Poland andtiveroEU countries, despite the fact that most ately
determine the spectral matching factor for the ehgshotovoltaic module. Due to the need for a esmensive
measuring equipment, are used only by a few laboest in the European Union, such as CRES@an{re for
Renewable Energy Systems Technology) in the UK. The article presents - developed asdduin the Opole
University - a new low-cost method for determiniofgthe spectrum with the use of above-mentione@xed,
including APE and UF, without buying an expensigedroradiometer, which gives comparable results.

Keywords: solar radiation spectrum, insolation, sky cleasnieslex, diffused component content index, average
photon energy (APE), useful fractions (UF), solaergy, photovoltaics

Introduction

In recent years all over the world there is incig@asinterest in alternative,
environmental clean sources of electricity. Theydat of these sources, and at the same
time practically unlimited and widely available, ke energy of solar radiation. The
development of solar energy is mainly concentratedund the technologies using
photothermal and photovoltaic conversion. Phot@ioltonversion is the most perfect way
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to process solar energy into electricity, as iaidirect conversion. This method is highly

popularized worldwide. Accurate information abdu structure and resources of the solar
radiation is essential for the proper design of letpvoltaic system, and the proper

estimation of energy yield in specific climatic ditions.

The rest of the paper presents the results of s@slgf resources and the structure of
solar radiation in southern Polish territory foe thurpose of conversion in photovoltaic
modules made of different materials and differesthhologies. The aim of the joint
research at the Opole University and AGH Universify Science and Technology is
developing the so-called, low-cost renewable enéeghnologies. Technology for which
the performance factor of energy produced in phudtaic systems in relation to the
purchase cost of 1 Wpower station is the largest in our geographicad &limatic
conditions.

Description of measurement system - meteorological station AGH
in Krakow

Weather station (Fig. 1) recording weather andtiighparameters located on the roof
of the building C-3 (approximately 25 m above grdlevel), located at the intersection of
ul. Czarnowiejska and al. Mickiewicza in Krakow [1f is in close proximity to the test
photovoltaic systems up and running continuousigesithe beginning of 2006. It was built
largely on the basis of the unit of the German camypTheodor Friedrichs & Co.:
datalogger COMBILOG 1020, thermohygrometer, baremand wind speed and direction
sensors. For the measurement of solar radiatiomgusio pyranometers CM-21 Kipp &
Zonen, and the study of its structure - suntra@BER-22 of Japanese company EKO with
an equivalent shading system. Later in its worlyas been retrofitted with Ocean Optics
HR4000 photospectometer recording light spectrum=s200+1100 nm. Due to the nature
of the device, however it is not used for contirumeasurement.

station on the rodwifding C-3, AGH Krakow

Fig. 1. Specialized weather
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Station records the following meteorological parterse

- ambient temperature,

- relative humidity,

- pressure,

- wind speed,

- wind direction,

- the total value of solar radiation in the horitadrplane,

- the value of diffused solar radiation in the korital plane.

These parameters are measured every two secondsaftar that averaged and
recorded at 5-minute intervals. With an additioBRAM memory card, datalogger is able
to store measurements with nearly 3-month workoget©nce a month, the data is retrieved
from the logger to a PC via a serial RS-485 bug Hsults are in ASCII text file in which
each line corresponds to one record averaged nerasots. These files are further
processed into formats that facilitate their arialysg in the PVSyst. For the study
described in this article select the measuremetat dallected in 2009, because their level
of completeness is 99.6%.

Distribution of the irradiation

Table 1 summarizes the average monthly values efetiergy of radiation on the
horizontal plane in AGH-Krakow area for 2009 origfimg from: a) a global (the total), and
b) a diffused component of solar radiation. Howevestogram of the daily values of
irradiation, occurring in 2009, AGH Krakow areasisown in Figure 2.

Table 1
Summary of monthly values (in the plane of the zam) of the solar radiation energy: total (global),
diffused and diffused component content index, AGekow area in 2009

Month Global irradiation Ep Diffused irradiation Es K
[KWh/m?] [KWh/m?] S0
January 22.1 15.4 0.70
February 33.3 27.6 0.83
March 57 40.6 0.71
April 157.8 52.9 0.33
May 163.4 69.6 0.43
June 137.6 72.8 0.53
July 188.7 74.3 0.39
August 146.1 57.3 0.39
September 103.2 47.6 0.46
October 41.9 29.0 0.69
November 29.7 16.3 0.55
December 13.3 10.4 0.78
2009 1094.2 513.7 0.47

The histogram shows that the test area was chameteby the presence of a large
number of cloudy days with insolation not exceed0@ Wh/ni, which accounted for more
than 24.5% of the monitoring period. They are nyoatday MIMT Medium Irradiation,
High Temperature) or even LILT (ow Irradiation, Low Temperature) [2, 3] for the period
of autumn and winter (from October to March). Dgrithe six months only 18% of the
annual energy radiation (see Table 1), reachesmibdule. Then they are very difficult
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conditions for photovoltaic energy conversion, a@mkrgy needs increased (the need of
heating, lighting for a long time because of thersldays and frequent heavy overcast and
reheating the water from the lower temperature)addition, during the monitoring period
were 35.9% of cloudy days with irradiation in tlge of 800 to 3200 WhfmThese are
the days of the typical weather failures occurimghe entire period of spring and autumn.
Then mediahexceeds 1.6 kWh/min which typical modern PV inverter already opiesa
with an efficiency of up to 98% of its maximum eféncy [4-6], and a typical PV system
already exceeds 75% of its nominal performance8]7,To different category can be
classified so-called sunny and very sunny dayse (iklHT - High Irradiation, High
Temperature), which are respectively 18.6 and 21%he days monitored. They occur
during the spring and summer, in which are the lideenditions for the operation of
photovoltaic systems. Since the number of these Bagely depends the value of generated
energy in the PV system [7].

100
90- 777777777777777777777777777777777777777777777777777777777777777777

80 §24.5%¢ Cloudy days — —Sunnydays

70 1

Count days
3

1600 2400 3200 4000 4800 5600 6400 7200 8000
Daily values of radiation [Wh/mz]
Fig. 2. Histogram of the daily values of irradiatj@ccurring in 2009, AGH Krakow area

Distribution of temperature and intensity of solar radiation

Figure 3a shows the distribution of average amitiemiperatures in 2009 for the area
of Krakow. One may notice the lack of symmetry afuly temperature distribution.
In summer days are characteristic cooler mornimgsségnificant warming in the afternoon
and evening hours.

However, Figure 3b shows the distribution of intgnsf solar radiation on the horizon
surface at the testing site. Note the wide rangehainges in both the intensity of the
radiation, as well as the time of solar radiatidhe data are the basis to determine the

4 The expected value of the distribution of insalati
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so-called insolation of are& determine the average number of hours of dailiviactof
the Sun in different months of the yeempugh® to operate the PV system.
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Fig. 3. Distribution of daily values of: a) ambietemperature and b) intensity of solar radiation
occurring in the AGH in Krakow in 2009

Distribution of values diffused component content index
of solar radiation

The relationship between the intensity of solaiatoh incident on the earth's surface,
and reaching into the upper atmosphere in the ptdrthe horizon is a measure of the
transparency of the atmosphere and is determine¢hleaslearness indek,). This index
translates directly to the contents of a diffusetnponent of the global solar radiation
incident on the surface of horizon, known in therhture as diffused component content
indexkgo (see Figure 4).

For each day of month one could determine frongratievalues [9, 10]:

« daily atmosphere clearness indgy as:

E, (O
= 00) (1)
E: ()
« daily diffuse component content index of solar asidn as:
Es(0)
k =_S 2
= E 0 2)

where:E¢(0) - average daily value of insolation energypedfic month in higher layer of
atmosphere in horizontal plarg,(0) - daily value of insolation energlfg(0) - daily value
of insolation energy from diffuse component.

Similarly as in the case of daily values of indexiesnporary values ofitmosphere
clearness (transparency) and diffuse component content indexes could be computed. It is

5 Typical photovoltaic inverter has a characterigti@shold of DC input power connected to the afethis work
at maximum efficiency. For properly designed PVitsysthat threshold inverter DC input power corresfsoto

value of solar radiatiom 200 W/nf. Then a typical efficiency of the inverter is aldy above 95% of its
maximum efficiency.
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made by substitution in equations (1) and (2) deitergy values by temporary values of
solar radiation intensity and then the equatioks farm, respectively:

__ GW®
_Gs®
e 0= 50 @

Solar radiation intensitgsc(0) in higher layers of atmosphere in plane of tamifor
specified day in year is described [9, 11] by:

G (0)=E & (5)
=1+ OO33@0{M) (6)
365

where: EQ - solar constant (1367 Wfndn - number of day in yeare January the®i= 1,

February the L= 32, etc. ParametéMp(t) (Air Mass) in equations (3) and (4) is value of
real mass of air given by Kaston and Young in 1@8®&e form [12]:

AMp(t) = Fp E[tos(@ +050572{96079950 - ©) 16364]_1 @

0

Mutual connections of daily indexes defined acangdio (1) and (2) were shown in
Figure 4a, while in Figure 4b was presented montldiues for Warsaw (Warszawa),
Poland.

a) b)
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Fig. 4. Graphs of: a) in the daily value of thediation as a function of index, b) diffused comgmn
content and atmosphere clearness indexes for eanthrof the year. The graph is made on the
basis of averaged data for the years 1966-1973ispeld in the European Solar Radiation Atlas
for Warsaw [13]

Figures 5 a-i are examples of the daily value efatmosphere clearness and diffused
component content in the global solar radiatioru@aloccurring in Krakow for a few days
with different values of daily irradiation.
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Cracow (Krakow), Poland for different days
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Fig. 7. Diffused component content index, averagetgn energy and global solar irradiance during
cloudy day

Presented diffused component content and atmospleamess indexes are physically
connected not only with solar radiation way throutje Earth's atmosphere, which is
dependent on the value of AM, but also on the cbahtiomposition and the clouds.

Liu and Jordan have already shown [14] that, rdgasdof latitude, the global value of
the intensity of solar radiation reaching the Earurface is directly dependent on this
parameters. For this reason, these indexes caefyamharacterize the solar conditions for
specified locations. It can also provide informatetbout the average photon energy in the
spectrum, and the structure of the solar spectsa® Figures 6 and 7).
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Fig. 8. Diffused component content indixo of solar radiation for AGH Krakow area in 2009. In
zoomed window (blue field) - temporary values @ thdex in June 2009

Diffused component content ind&y, directly determines the level of cloud coversit i
very useful for a proper characterization of spedifocations in order to select the optimal
modules for climatic conditions. For example, igue 8 is shown the diffused component
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content index for the area of AGH Krakow 2009. e tnlarged graph (blue box) - are
instantaneous values of index in June 2009.

Distributions the water vapour content
and average values of photon energy

To calculate the pressure of saturated water vajpaine air is used equation (8) given
by Gueymard and others [15-17]:

3
W =01 04976+ 1.52651—"“—mb +ex 136897@ -14918 o X
27315 27315 27315

(8)

amb

2
21671 ex{ 2233- 4914220 _ 1092{@) - 0.3901#&)]
amb

amb amb

where:W - estimated layer thickness of water vapour [CTg}, - ambient temperature [K],
RH - relative humidity [%]. The results are showrFigure 9.
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Fig. 9. Water vapour pressure in air for AGH Krakavea in 2009. In zoomed window (blue field) -
temporary values for 3 summer months

The average photon energy value is determined éyrthasurement of the spectrum
and is the quotient of the power and flux densityspecified band recorded by the wide
range receiver according to:
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1.7m
j [Non(A) Epn(4)]dA
APE = 20 9)
q J'Nph(/l )dA

034m

where: APE - average energy of solar radiation qimtg - electron chargeNy(A) -
number of photons in sunlight in the wavelengiEy,(A) - the energy of a photon in the
wavelengthi.

The method of the solar radiation spectrum analysisg the average photon energy
(APE) have several advantages. One of them is ooguvery strong correlation between
the average photon energy (APE), a range of sham-spectral characteristics of solar
radiation, which strongly influences the efficienof photovoltaic cells. In addition, the
assuming as a unit of APE [eV], gives a full pietwf the spectral matching of used
absorber in PV cell/module to the solar spectrunshbuld be noted that the APE value
depends on the bandwidth integral of equation T8)s effect is shown in Table 2, which
compares the obtained results of average photamye&PE) of standard spectrum (STC,
type of radiation AM1.5G), using a different bandthi of measurement devices.

Table 2
APE of the standard spectrum evaluated from diffespectral integration limits (own calculations)

Measurement (integration) range APE
[nm] [eV]

1 300-4000 1.43

2 300-2500 1.48

3 300-1700 1.62

4 300-1100 1.86

The most appropriate definition of APE would relatethe average photon energy
obtained from the measurements using full rangehef solar spectrum 300-4000 nm,
because the result gives the true value of APE. d¥ew the measurement instruments in
this range are very rare and unsuitable for uderig-term test cycles. Taking into account
that the spectral range of solar radiation (digtign type AM1.5G) in the range
from 300 to 2500 nm contains over 98% of its pos@making measurements in this band
is a very interesting, although there is also a/ \wmnall number of units with this range.
However, the measurements made in the wavelengterap to 1700 nm can be easily
extended to 2500 nm with sufficient precision mbdgl - for example, method of
measuring range extending from 300-1100 nm silg@msor range spectroradiometer, up to
4000 nm, has been recently developed by NR¥Etipnal Renewable Energy Laboratory -
Golden, Colorado, USA) [18]. Unchallenged rule hsttthe most reliable measurement
values are based purely on the measurements. dherdfie measurement system used in
the CREST Centre for Renewable Energy Systems Technology) measures the spectrum of
radiation in the spectral range 300-1700 nm, wittiba use of additional procedures, and
the result is given indicating the width of the dan
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Figure 10 a,b shows the correlation between the AREAM factor for cloudless day.
A comparison of Figure 10a and b very clearly shidvesimpact of the measurement range
of the instrumentié, the range of integration) on the obtained APRi&sl
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Fig. 10. Dependence between the APE and AM faaprcloudless day, after integration: a) in range
(0.3+4)um, and b) in range (0.3+1.{@n

In this article, the average photon energy of sodaliation in horizontal plane and
plane of array (POA) is determined by using thegpmmn developed at the University of
Opole SolarSpectrum [19] used to determine thetsdedistribution of solar radiation on
the basis of instantaneous measurement data flooabweather station. Corresponding to
this programdd! library made it possible to perform automated aes®calculations. To
allow verification of the correctness of the APEues (e validation of results), it is
assumed the same as in the CREST range of inegfaiparatus (300+-1700 nm). Used in
the Solar Spectrum model to creation of the spettuses of codes SEDES2 by Nann and
Bakenfelder [20], which are modified version of t8RPECTRAL2 by Bird and Riordan
(1986) [21], using the Perez model to determinevidleie of the diffused component on
plane of array of modules (POA) [22, 23] and wiile taddition of an empirical model for
modifying the spectrum of clouded day. Used modif@ overcast day is a function of
wavelength, air mass, and proportion of broadbaladad irradiance: measured in the
horizontal plane and the estimated (designatedtisdalistribution for clear sky. So made
the simulator calculates the spectrum of solaratést in the range 300 to 2500 nm with an
acceptable accuracy. In addition, application ailaevspecify the value of APE amdeful
fraction (UF) for radiation well below 200 W/mUTtilized in this way, measuring procedure
is cost-effective measurement method for determittie value of APE and UF for general
use.

In this study assumed a typical spectroradiometegeB = 0.3-1.7 um. The studies
were used measurement data from the local metapcalcstation of the AGH University of
Science and Technology in Krakow and the Opole &hsity.

Obtained in this way, the values of average phetwrgy on the surface of the horizon
and the other inclined exposure of PV modules sadare shown in Figure 11. One can
observe a large hourly variability during the dashich is causing large changes in the
instantaneous energy efficiency of PV modules. Tigh value of the average photon
energy (APE) corresponds to the spectrum of saldiation rich in short-wave components
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(UV), while a low value indicates a high contentlohg-wave components (IR) in the
spectrum. For comparison, the standard spectrum.BGIISTC) has an average value of
photon energy (APE) equal to 1.62 eV. The disacagmbf the method using of APE for
the analysis of efficiency of solar cells and meduis that it does not provide direct
information about the contents of so-calledful fractions (UF) of solar radiation.
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Fig. 11. The distribution of the average photonrgnéor: a) horizontal position, b) the optimum &ng
for the Krakow area (38°) and c) typical for PVddes angle 60°, d) vertical position (90°). All
planes have southern setting

Distributions of the useful fractions of solar radiation

Useful fraction (UF) is called a power contained in the frequelpagd of the spectrum
of solar radiation, limited by spectral sensitivid§ the semiconductor absorbegy( c-Si,
mc-Si, CIS, and Si_SJ-and-Si_Td) the power of solar radiation recorded by bra@amtb
meter with bandwidth (0.@m, A according to:

A2

J'P(,i)d,l
UF=A (10)

Acut

J'P(,i)d,l

03um

6 ¢-Si - monocrystalline silicon; me-Si - multicrgditne silicon; CIS - cell with CulnSebsorber; a-Si SJ - single
junction cell made of amorphous silicon; a-Si Tdple junction cell made of amorphous silicon.
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where: A - limit wavelength measured by the instrument (ae€ldpby default, as the
1700 nm), 43; A,) - spectral sensitivity range of cell, known as thiavelength range for
which the normalized value of the cell spectraporse isSR.m = 0.5 (see Figure 12),
P(/) - spectral power density of the radiation for weevelengthi.
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Fig. 12. Determination of conversion band for eaehabsorber based on SR characteristics

By substituting in the expression (10) the instaatas values of power by the daily
values of the solar radiation energy recorded etstime intervals, receives the valu¢hef
daily value of useful fractions (11):

A2
— M
UFD&)’ ot (11)
03um
08 - B=(0.3 - 4.0) um I 08| B=(0.3 - 1.7) um I
07 F 07 F et
by ~ — =80 \;‘>'< :
06 o7 T Tmet T I 06 F Pl e
s T e 5 ; ~—
gosf o — gost
w w
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Fig. 13. Dependence between the UF and AM factorckoudless day, after integration: a) in range
(0.3-4)pm, and b) in range (0.3-1.{@n
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As with the determination of APE, UF value (usefidction) is dependent on the
bandwidth of the measuring instrument integration.

Figure 13 shows dependence between the UF and Atdrféfor a cloudless day and
the same meteorological conditions), obtained fidfer@nt values of the integration
bandwidth of the measuring instrument.
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Useful fractions (UF) are parameter dedicated for the type of PMneedule. It is
characterizing the spectrum of solar radiation,vigiog a direct information about the
content of useful part in the spectrum involvedhia conversion in that type of photovoltaic
cell/module. It does not contain information abthg impact of spectrum to other cells with
different spectral sensitivity range, and does indicate a present (in the measurement)
solar radiation intensity or the daily value of ietbn energy. The strong correlation
between the average photon energy (APE) and thalusaction content (UF) for each
type of PV cell/module is shown in Figure 14 a-e.
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Fig. 21. Changes in the average photon energyec$dhar radiation spectrum and the normalized galue
of the useful fraction for basic types of solarélPV modules, during: a) a cloudy summer
day, and b) sunny spring day. Thick green line shtive course of APE during the day. The
study was performed in the AGH Krakow area in 2009

Figures 15-19 shows the distribution of the uséfattion for different types of solar
cells/modules for: a) horizontal position, b) thgtimum angle for the Krakow area (38°),
c) angle 60°, d) vertical position. The meteorotafjidata are from AGH Krakow area
collected in 2009. Particular attention should bl fo:

- range of fraction values obtained for each cell;

- embodied phenomenon of seasonal distribution ot @mphasizing with the angle of
the modules exposure;

- occurring phenomenon a very good spectral fit domorphous silicon single- and
multi-junction during sunrise and sunset.

It should be noted that the same parameter UF didinform you of occurring
irradiance or intensity of solar radiation in anyen time. This means that it does not
indicate how much energy produce the module foersam period of time. It only present
fitting of distribution of the solar radiation spgaan to spectral sensitivity of the cells,
which directly translates into the derived valuéfficiency, open circuit voltage and the
Fill Factor (FF). On the other hand, the impact of UF on pa&tans such as short-circuit
currentle and the maximum powd?,,, can be observed only in reference to the value of
solar radiation.

This is due to the presence of a very strong caticel between the forcing (ie, solar
radiation) and the answer, that is current andwyspwer of PV cells. Figure 20 a,b gives
an example of standard module parameters duringlalgefor two very different weather
conditions. The zoom window shows a much betterabiglir of thin-film amorphous
silicon modules working at high cloud cover and loradiation, which are the hours of
sunrise and sunset. However, Figure 21, gives ampbe the average photon energy in the
spectrum of solar radiation and the normalizeduldedction for similar weather conditions
as in Figure 20, the strongly cloudy and warm daym{) and cool sunny spring day
(HIMT). In Figure 22 a-h are examples of daily ches of APE and UF for days
characterized by different meteorological condiicinom different periods of the year.

In the aim of characterizing each day, charts dordaily values of radiation energy:
global E, and from diffusion componers of solar radiation, daily values of diffuse
component content indekgo and atmosphere clearness indgy Due to the fact that at
very low irradiance, in some cases began to emenges in process determination of the
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UF, so was made in such cases filtration of daththa results are shown for the values of
the radiation exceeding-60 W/nt (this fact was shown on the charts, respectively).
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In summary, to make complete analysis of the difietypes of photovoltaic modules
suitability to conversion in various climatic cotidhs, should be made simultaneous
analysis of UF graphs and irradiation in the afidgen it is possible to objectively estimate
the potential profit from the configuration usedidg given period and climatic conditions.

Conclusions

Solar cell is a semiconductor element which direohverts solar energy into
electricity. The amount of electricity generatedthg PV cell/module depends largely on
climate conditions of its work. Decisive influenoa the amount of energy produced has
a distribution (within a year) daily and monthlylwes of temperature and radiation, and the
structure of the spectrum of radiation reachingRhemodule. This structure is determined
by the average photon energy value of solar ramtiateaching the Earth's surface or
through the distribution of daily and monthly atmpbere clearness and diffuse component
content indexes. For this reason, we make the cosapeof the distribution of these values
over the year, the daily and seasonal variatioms, the relationships between these
parameters - characterizirgplar energy resources for photovoltaic conversion - with
obtained by the cells and photovoltaic modules afieg parameters. This comparison is
the basis for the selection of the correct modtee, the method of installation and the
proper design of the photovoltaic systefnsystem that will meet future user needs, not
only in summer but also in the other seasons ofkwand the system for which the
performance factor (energy produced compared to the cost of PV systeanchase per
1 Wp) will be the best for our geographical andmeliic conditions. Methods of
measurement data analysis presented in this papebined with reliable information on
the long-term solar radiation values recorded itisRderritory, and the energy performance
of photovoltaic installations already operatinglys¢ a valuable source of information for
potential investors interested in this, how litkeown in our country power industry branch
[26-28].
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ANALIZA STRUKTURY ZASOBOW ENENRGII SLONECZNEJ OBSZA RU
POLSKI POLUDNIOWEJ DO ZASTOSOWA N FOTOWOLTAICZNYCH
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Abstrakt: W artykule przedstawiono anajizzasobéw oraz struktury energii stonecznej obszRolski
Potudniowej na podstawie petnych danych meteorolonich pochodgych z Akademii Gérniczo-Hutniczej
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z Krakowa z 2009 r. Pogtp prék; dokonania analizy jego wykorzystania do celéw kersiv fotowoltaicznej

z wykorzystaniem rinych modutéw o rénych charakterystykach spektralnych absorberéws&@m najnowsze
metody charakteryzage struktug zasobow energii stonecznej, takie jak rozkladypnzestrzeni catego roku:
indekséw czystxi nieba lub indekséw zachmurzeniagdnich wartéci energii fotonéw (APE) oraz zawaéto
uzytecznych frakcji widma promieniowania stoneczn€dé), nie g jeszcze powszechnie znane i stosowane tak
w Polsce, jak i w innych krajach UE, mimi@ najtrafniej okrélaja dopasowanie czynnika spektralnego do
wybranego modulu fotowoltaicznego. Ze walll na koniecznié posiadania bardzo drogiej aparatury
pomiarowej g stosowane tylko przez nieliczne laboratoria w Uhiropejskiej, takie jak np. CRESTéntre for
Renewable Energy Systems Technology) w Wielkiej Brytanii. W artykule zaprezentowano rapowamn

i stosowan w Uniwersytecie Opolskim nawi tania metod okreslania dopasowania widma zzyciem
wskanikéw, m.in. APE oraz UF, bez koniecZeod posiadania drogiego spektroradiometru, ktérae daj
poréwnywalne wyniki pomiarowe.

Stowa kluczowe:widmo promieniowania stonecznego, napromieniowanmeleks czystei nieba, indeks
zachmurzeniagsrednia energia fotonéw (APE), frakcjexyteczne (UF), energia stoneczna,
fotowoltaika



