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MEASUREMENT OF SOLAR RADIATION
PROPERTIES AND THERMAL ENERGY
OF THE ATMOSPHERE IN RZESZOW

This article presents measurement of solar radigiroperties and thermal energy
of the atmosphere in Rzeszow € 50°02'N, A = 22°17’E). The measurements
include direct, diffuse and global solar radiatamwell as thermal radiation from
the atmosphere. Weather station provides six ofrtbst important weather para-
meters: air pressure, temperature, humidity, rijrdfipeed and direction. Sky radio-
meter with dedicated sun tracker provides multibarehsurement of direct and
diffuse solar radiation. Measurement results frorara! years have been collected
so far and may be used to estimate energy yietia folar systems. The article
presents selected results of solar radiation aradhee parameters in 2017.
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1. Introduction

As populations expand, living standards improeastimption rises and total
demand for energy increases. At the same time, iggpeoncerns over climate
change are promoting governments worldwide to fookvays to supply energy
while minimizing greenhouse gas emissions. Reneavaebérgy is energy that is
collected from renewable sources that have thétyaba naturally replenish on
a human timescale. That includes solar, wind, watgtain types of biomass and
geothermal energy. They have the potential to ceptanventional fossil fuels in
the future. Renewable energy sources exist oves gabgraphical areas, in con-
trast to other energy sources, which are conceatiata limited number of coun-
tries. Widespread deployment of renewable energtesys results in significant
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improvement of energy security, climate changegation, and economic bene-
fits. There are a number of technologies for utilizrenewable energy and for
improving energetic efficiency such as photovokaieVs) [1-3], wind turbines
[4-5], water turbines [6-7], cogeneration [8-10Hdriomass burning [11-12].

Solar energy conversion systems can be dividedtimee categories accor-
ding to their primary energy product: solar elaityi solar fuels, and solar ther-
mal energy. The challenge in converting sunlighelctricity via photovoltaic
solar cells is to reduce the cost/watt of delivesetér electricity. Modern mate-
rials that allow absorbing sunlight efficiently,wméechniques to harness the full
spectrum of wavelengths in solar radiation and approaches based on nano-
structured architectures can improve the technolsgg to produce solar electri-
city. The technological development and successimmercialization of single-
crystal solar cells demonstrates the social denssmtimarket potential of PV
technology. Novel approaches exploiting, thin fijmsganic semiconductors, and
guantum dots offer fascinating new opportunitiescfieaper, more efficient, lon-
ger-lasting systems. The key challenge in solamibktechnology is to identify
cost-effective methods to convert sunlight intaaide thermal energy. Reactors
heated by focused, concentrated sunlight in thetovaérs reach temperatures
exceeding 3000°C, enabling the efficient chemicatipction of fuels from raw
materials without expensive catalysts [13].

It is extremely important to know the thermal paegers of the surroundings,
weather and solar radiation properties in a givation in order to design and
improve systems utilizing renewable energy sourdesurate measurements of
the solar radiation intensity are needed to detentiie performance and effi-
ciency of different type of solar and PV systemS]1

The purpose of this article is to present theaesecapabilities and selected
measurement results of existing laboratory in dtarezation of solar radiation
and atmosphere properties.

2. Experimental setup

The laboratory for measurement of solar radiapooperties and thermal
energy of the atmosphere was founded in NovembE3.Zlthe purchase was fun-
ded with UE grants. The steel structure that suppoeasuring devices is instal-
led on the roof of the building. The lab is locaiadRzeszow ¢ = 50°02'N,

A = 22°17'E) and it is a part of the laboratory guuent for renewable energy
devices performance investigation.

Incoming short-wave solar radiation can be divided direct, diffuse and
global components. Radiation from the sun is maimlthe ,short-wave” range
from 300 to 4000 nm that includes the visible,auiolet and near infrared wave-
lengths. A portion of this radiation is absorbedciguds and aerosols in the at-
mosphere, which warms up and radiates long-waveatrad (4.5 pm to beyond
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40 um). Direct solar radiation is measured withhpjiometer directed at the cen-
tre of the sun disk. The CHP 1 Kipp&Zonen pyrheleser has a full opening
angle of 5° and measures the normally incidenttlireadiance from the sun and
its aureole. The CHP1 has a spectral range (50#tg)diom 200 to 4000 nm and
operational temperature range from —40°C to +8®&t of the radiation from
the sun is absorbed and scattered by clouds andder This scattered compo-
nent is the diffuse solar radiation measured withPC22 Kipp&Zonen pyrano-
meter with shading ball. This pyranometer can beecomplete sky hemisphere,
but the direct radiation from the sun is blockedatshading ball that moves with
a sun tracker. Another CMP 22 Kipp&Zonen pyranomaieasures global radia-
tion (both the direct and diffuse radiation). THRZ22 pyranometer has spectral
range (50% points) from 200 to 3600 nm, maximurnarsiotadiance 4000 W/t
operational temperature range —40°C to +80°C agid &f view 180°. For mea-
suring incoming thermal radiation from the sky aitmlds CGR4 Kipp & Zonen
pyrgeometer is used. It has spectral range (50%tgod.5 to 42 um, operational
temperature range —40°C to +80°C and field of vid88°. Net irradiance range
for CGR4 is —250 to 250 W/n

The Kipp & Zonen Solys2 sun tracker is used tealaforementioned sun
sensors. It is the most widely used sun trackeuratdhe world in solar energy
and meteorological applications. The sun trackerihegrated GPS receiver to
automatically configure location and time data upwstallation. The operating
temperature range from —40°C to + 50°C using thedsird internal heater. The
pointing accuracy is better than < 0.1°, maximuiylgeed is 20 kg (Fig. 1).

The CSD3 sunshine duration sensor is used fan#esurement of sunshine
duration. Sunshine duration is defined by WMO (Wadvleteorological Organi-
zation) as the time during which the direct sokdiation exceeds the level of
120 W/mz2. The output is switched high or low toigade whether this condition
is satisfied.

The Vaisala WXT536 is the compact weather statiam provides six of the
most important weather parameters: air pressurgéeature, humidity, rainfall,
wind speed and direction. The barometric pressamde measured within a range
from 600 to 1100 hPa with an accuracy of £1 hPa54rC to +60°C (0.5 hPa
from 0°C to 30°C). The outside air temperaturelmameasured in the range from
—51°C to +60°C with accuracy +0.3°C. Relative hutyidan be measured in the
range from 0...100%RH with accuracy +3%RH. Wind chseastics include the
measurement of the velocity in the range of 0...68 with an accuracy of +3%
and detection of wind direction in the range of Q3 The Vaisala allows rain-
fall and hail accumulation measurements with outesolution 0.01mm and daily
accuracy better than 5%.

The PREDE POM-01 is a sky radiometer with deditaten tracker. It uses
a single photo-diode detector and rotating filtdreel to measure radiation in
seven narrow wavebands from 315 nm to 1020 nmifidteiment has a sun sen-
sor for active tracking (Fig. 1). The POM-01 skyianeter provides multi-band
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measurement of direct and diffuse solar radiak@M-01 is used in the Asia-
-Pacific SKYNET network for aerosol monitoring asdtellite ground-truthing
around the world [13]. The POM data can be postgseed to provide parameters
including aerosol optical depth, scattering coddfits, aerosol distribution and
energy distribution.

Fig. 1. Laboratory for measure-
ment of solar radiation properties
and thermal energy of the at-

- mosphere: 1 — sun tracker, 2 —
‘ | pyrgeometer, 3 — pyranometer,
4 — pyranometer with shading

b 1

| || “ ‘ ball, 5 — pyrheliometer, 6 — suns-
hine duration sensor, 7 — compact
weather station, 8 — sky radiome-
ter

Analog and digital signals from measurement eqeipmare routed to digital
multimeter Keithley 2002 and to a desktop compulbe Keithley 2002 is high
performance (8% digit, 28 bit) digital multimeteitivbuilt-in 10 channel scanner
card connected via GPIB with desktop computer. Mesaments are taken at 10
seconds intervals and averaged to 1 minute meae.vBhe results along with the
precise time stamps are written in daily files bgams of a custom-written appli-
cation developed in LabVIEW environment.

3. Results and disscussion

This chapter will present examples of measuremesilts recorded during
representative sunny summer day of 30.07.2017 landygfall day of 01.10.2017
in Rzeszow. During sunny day (Fig. 2a) a globalizomtal irradiance reached
maximum of GHI = 860 W/rat 12:15 local time. Direct horizontal irradiance
reached 750 W/fat the same moment and diffuse horizontal irramiamas equal
to 76 W/nt. Thermal radiation from the sky and clouds wasoalnconstant du-
ring all day and didn’t exceed the range of 325-8V0r?. Figure 2b presents
temperature, relative humidity (RH) and atmosphpr&ssure variations during
a sunny day.
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Fig. 2. A sunny day of 30.07.2017: a) solar radiatb) atmosphere parameters

During cloudy day of 01.10.2017 (Fig. 3a) glolshitect and diffuse irradia-
tion were reaching local minima and maxima depemain whether the sun is
shaded or not. Figure 3b presents temperaturdjveelaumidity (RH) and at-
mospheric pressure variations during a cloudy @mjly yields of direct and
diffusion irradiance in 2017 are shown in Fig. 4avtdnum values of horizontal
global irradiance occur in June and were abouk\8/6/n?/day. Global irradiance
in Rzeszéw in 2017 was 1100 kWH/gear. The paper [14] present average
annual global irradiance in Kotobrzeg: 1064 kWHjmear, Warszawa: 966
kWh/n¥/year and Zakopane: 988 kWH/gear. The compact weather station that
provides variation in air pressure and temperatug9d17 (Fig. 5).
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Fig. 3. A cloudy day of 01.10.2017: a) solar radiatb) atmosphere parameters
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Fig. 5. Daily variation in air pressure and tempenmain 2017

4. Conclusion

The article presents sample results of measureneéritee solar radiation
properties and the state of the atmosphere in 2Bl Uising this laboratory it is
possible to determine the instantaneous valudgedaun and atmosphere radiation
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and weather conditions. In addition, type and arhotiaerosols in the air can be
determined.

Global irradiance in 2017 was 1100 kWRhypear, diffuse irradiance was
534.8 kWh/ndlyear, direct irradiance (measured) was 536.4 k\Wlgar and
thermal irradiance was 2804 kWttlgear. The average air temperature in 2017
was 9.9°C, average pressure and relative humidite W88 hPa and 65.5% re-
spectively.

The presented measurement equipment along witbeteacquisition and
storage software allow determination of the valoethe mean seasonal irradia-
tion, temperature, humidity, wind speed and digctiln the era of renewable
energy sources, the presented research equipmaiesrihe optimization of so-
lar systems and determination of efficiency, poaa seasonal yields from solar
installations, and other devices utilizing reneweadtergy which is extremely im-
portant in their design and operation practice.

References

[1] Gil P., Szewczyk M.: Roczne badania eksploatacggm@ametréw monokrystalicz-
nych modutow fotowoltaicznych w Rzeszowie, Insta(2015) 22-27.

[2] Gil P.: Roczne wyniki pomiaru sprawse amorficznych kolektoréw fotowoltaicz-
nych w Rzeszowie, Rynek Energii, 4 (2015) 75-83.

[3] Strzelczyk P., Gil P.: Wplyw Zmienia staica na produkej energii elektrycznej
przez system fotowoltaiczny, J. Civil Eng. Envirémchit., 34 (2017) 155-164.

[4] Strzelczyk P., Szczerba Z., \woak A.: Modelowanie pionowego profilu gakosci
wiatru w tunelu aerodynamicznym, JCEEA, 32 (20453-427.

[5] Gumuta S., Knap T., Strzelczyk P., Szczerba Z.rgetgka wiatrowa, AGH Uczel-
niane Wydawnictwo Naukowo-Techniczne, Krakéw 2006.

[6] Rehman S., Al-Hadhrami L.M., Alam M.M.: Pumped hydmergy storage system:
A technological review. Renewable Sustainable En&egy., 44 (2015) 586-598.

[7] Deane J.P., Gallachéir B.O., McKeogh E.J.: Techtumemic review of existing
and new pumped hydro energy storage plant, Renev&lstainable Energy Rev.,
14 (2010) 1293-1302.

[8] Gil P., Tychanicz M., Wilk J.: Instalacja skojarago wytwarzania ciepta i energii
elektrycznej (CHP) — badania eksperymentalne parametrow enemystyl, Ry-
nek Energii, 5 (2016) 49-57.

[9] Gatek R., Gil P., Grosicki S., Walazyk F.: Wymiennikowy zasobnik ciepta w mi-
krokogeneracji, ZN PRz Mechanika, 31 (2014) 483-490

[10] Gil P., Wilk J.: Instalacja CHP z silnikiem spalimpm zasilanym gazem drzewnym,

ZN PRz Mechanika, 32 (2015) 217-226.

[11] Gil P., Grosicki S., Wilk J.: Mdiwosci zastosowa metod oczyszczania gazu
powstalego ze zgazowania biomasy w generatorzej matey, Instal, 12 (2013)
24-28.

[12] Gil P., Wilk J., Tychanicz M., Wielgos S.: Wghe badania automatycznego kotta
na pellet pod &em wymagéa normy PN-EN 303-5: 2012, Rynek Energii, 5 (2017)
74-79.



526 P. Strzelczyk et al.

[13] Lewis N.S., Crabtree G.: Basic research needsolar energy utilization: report of
the basic energy sciences workshop on solar engilggation, Report on the Basic
Energy Sciences Workshop on Solar Energy Utilizgtéypril 2005.

[14] Konwersja termiczna energii promieniowania stonegenw warunkach krajowych,
Ekspertyza Komitetu Termodynamiki i Spalania Wytlzis/y PAN wykonana pod
kierunkiem W. Gogota, OW PW, Warszawa 1995.

POMIARY WLA SCIWO SCI PROMIENIOWANIA SEONECZNEGO
| ENERGII CIEPLNEJ ATMOSFERY W RZESZOWIE

Streszczenie

W artykule zaprezentowano pomiary wdawvosci promieniowania stonecznego i energii
cieplnej otoczenia w Rzeszowie € 50°02'N,A = 22°17'E). Pomiary obejmujpromieniowanie
stoneczne bezpgoednie, rozproszone i catkowite, dodatkowo mierzj@sepromieniowanie cieplne
atmosfery. Kompaktowa stacja pogodowa ulimoa pomiar széciu najwaniejszych parametrow
pogodowych: @nienia powietrza, temperatury, wilgoten opadow oraz pdkosci i kierunku wia-
tru. SkyRadiometr z dedykowanym uktadé&edzenia stca zapewnia wielopasmowe i spektralne
pomiary bezpéredniego promieniowania stonecznego i wielopasm@wmiary rozproszonego
promieniowania stonecznego. Obecnie pomiary obejmkijes ponad 4 lat, ktére mma wykorzy-
stat do oszacowania uzysku energii z systemow stonetzny

Stowa kluczowe:promieniowanie stoneczne, energia odnawialna, pagaftinosfera
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