INSTRUMENTATION, Vol 4. No 3, September 2017 1

Contrastive Observation of Solar Thermal and
Photovoltaic Resource
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Abstract : Solar thermal and photovoltaic applications are the most widely used and the most successful way of commercial devel-
opment in solar energy applications. Observation and assessment of solar thermal and photovoltaic resources are the basis and key
of their large-scale development and utilization. Using the observational data carried out from Beijing southern suburbs observation
station of China Meteorological Administration in summer of 2009, preliminary solar thermal and photovoltaic resources charac-
teristics for different weather conditions, different angle and different directions are analyzed. The results show that: (1) In sun-
ny, cloudy or rainy weather conditions, both of solar thermal and photovoltaic sensors daily irradiance have consistent change in
trend. Solar thermal irradiance is larger than photovoltaic. Under sunny conditions, solar thermal global radiation has about 2.7%
higher than the photovoltaic global radiation. Under cloudy weather conditions, solar thermal global radiation has about 3.9%
higher than the photovoltaic. Under rainy weather conditions, solar thermal global radiation has about 20% higher than the photo-
voltaic. (2) For different inclined plane daily global radiation, southern latitude -15 °incline is the maximum and southern vertical
surface is the minimum. The order from large to small is southern latitude-15 ° incline, southern latitude incline, southern latitude
+15 °incline, horizontal surface and southern vertical surface. Southern latitude -15 °incline global radiation has about 41% higher
than the southern vertical surface. (3) For different orientation vertical surface daily global radiation, southern vertical surface is

the maximum and western vertical surface is the minimum, which eastern vertical surface is in the middle. Southern vertical sur-
face globalradiation has about 20% higher than the western vertical surface.
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1 Introduction great potential[ I The large-scale exploitation and u-
. . . tilization of solar energy resources are meaningful for
In recent years, with the growing tension of ) o i )
. . ) China to adjust its energy structure and cope with cli-
conventional energy sources and the increasing pres-
. mate change.
sure of global climate change, development of re- .
. There are many ways to utilize solar energy re-
newable clean energy like solar resource has been
. . e sources, andthe effects of various ways are also dif-
recognized unanimously. Solar energy utilization in-

cludes solar thermal' , solar photovoltaic'®’ , solar ferent Solar photovoltaic is mainly through the ab-

. . . e i f solar ph lectrici
photochemical'* | solar biological utilization'*' and sorption of solar photons to generate electricity, so

other ways of utilization. the main absorption of visible light, spectral range is

The most widely used and commercially suc-
cessful ones are solar thermal and photovoltaic appli-
cations. Solar thermal conversion refers to the con-
version of solar into heat by receiving or concentra-
ting solar energy'®’. Photovoltaic conversion refers to
the transform of photovoltaic into electrical ener-

gy’
Solar energy resources development inChina has

about 400 to 1100nm'?’; Solar thermal focuses on
heat collecting and both direct and scattered radiation
can be used, the spectral range is approximately 305
to 2800 nm, the absorption spectral range is wider
than photovoltaic'®’. Therefore, the observation and
evaluation of solar energy resources for different uti-
lization methods are the premise and the key of solar

energy resources development and utilization.
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Most solar radiation observation in China ishori-
zontal global radiation by pyranometer. Solar energy
evaluation is mainly about solar thermal resource, so
it cannot fully meet the needs of a variety of solar
energy resources utilization'* .

In this paper,solar thermal and photovoltaic re-
sources characteristics at different weather condi-
tions, different angle and different directions are an-
alyzed by the observation data in Beijing South Base

of China Meteorological Administration.

2 Comparative Observation Test of Solar
Thermal and Photovoltaic Resources

2.1 Comparative Observation Test System

In order to research solar energy professional
observation methods and obtain better solar thermal
and photovoltaic resources assessment, solar energy
resources observational tests were carried out by the
meteorological observation center of China Meteoro-
logical Administration, as shown in Fig. 1.

Observation instruments are installed on the
tower with cement base, and the underlying sur-
rounding is covered by the natural grass.

The selection of observation points avoids the
shielding of the surrounding buildings, and the visi-
bility factor over the observation points is almost 1.
In order to get solar thermal and photovoltaic re-
sources under different weather conditions, solar
thermal and photovoltaic resources observational data
are compared in three typical weather conditions,
namely, clear weather (23"* of August), cloudy
weather (24" of August) and rainy weather (25" of
August) .

Experimental observations include ;

Thermal pyranometers with horizontal installa-
tion and rotational shading photoelectric pyranome-
ters;

Thermal pyranometer and photoelectric pyrano-
meter with different tilt angle ( latitude; latitude +
15°; latitude-15°).

Thermal pyranometer and photoelectric pyrano-

meter with different vertical surface ( East, West,

South).
The data sampling frequency is 10Hz, automat-

ically generating a set of average values per 10min.

Fig. 1 Observation test structure

2.2  Observation Instrument

Thermalpyranometer takes Hukseflux’'s SR11

radiation sensor, as shown in Fig. 3.

Fig. 2 SR11 solar thermal global radiation sensor

The spectral range of the thermal radiometer is
305 nm ~ 2 800 nm, which is close to the spectral
range of the solar thermal collectors, the specific
performance indexes are shown in Table 1.

Table 1 SRI11 solar thermal global radiation

sensor technical specifications

SR11 seetmicat-specifications— =)

ISOclassification E} Class one
Spectral range 305~2800 nm
Sensitivity (rated) 15 pV/Wm™
Temperature -40~+80C
Measure@ange > 0~2000 Wm™
TemperatureqmTuence > <0.1%/C
Traceability WRR
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@hotoelectricpyranometer takes Li-Cor’ s
LI200SB radiation sensor, as shown in Fig. 3

Fig. 3 LI200SB photovoltaic global radiation sensor

The spectral range of the photoelectric radiome-
ter (400 ~ 1100nm) is close to that of the solar
panel. The response time of photoelectric radiation
meter ( typically less than 10s) is much smaller com-
pared to the response time of the thermal Pyranome-
ters (less than 60s) and is closer to the solar cell. Its
specific performance indicators are shown in Table 2.

Table 2 LI200SB photovoltaic global radiation

sensor technical specifications

LI200SB teghnical specifications (=)

Spectral 400~1100nm
Sensitivity (rated) 5wA/1000wmol/sm*
-40~65C ,0~100%RH
Annual <+2%
Standard <*5%

3 Test Result and Analysis

3.1 Comparison Under Different Weather Con-
ditions

Solar radiation resources are different in differ-
ent weather conditions. The observation and evalua-
tion of solar radiation resources under different
weather conditions are of great significance for the
solar energy utilization. The diurnal irradiance varia-
tions of the thermal and photoelectric pyranometer
under different weather conditions are shown in Fig.
4, Fig.5, and Fig.6, respectively. As it can be seen
from the diagram, the irradiance trends of solar ther-
mal and photoelectric radiation are basically consist-
ent, regardless of sunny, cloudy or rainy weather.

The solar thermal irradiance is slightly larger than

that of photoelectric, which shows that the solar
thermal energy resources are slightly larger than that

of photoelectric,
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Fig. 4 Daily irradiance changes of solar thermal and

photovoltaic sensors in sunny day
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Fig. 5 Daily irradiance changes of solar thermal and

photovoltaic sensors in cloudy day
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Fig. 6 Daily irradiance changes of solar thermal and
photovoltaic sensors in rainy day
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The comparison of the diurnalirradiance changes
between the thermal and the photoelectric radiometer
under different weather conditions are shown in Fig.
7 and Fig.8. As it can be seen from the diagram, un-
der sunny conditions, the maximum irradiance of
thermal irradiance is 897w/m?, which occurs at 13
l6pm, and the maximum photoelectric irradiance is
891w/m*, which occurs at 13; 16pm too. Under
cloudy weather, the maximum irradiance of thermal
irradiance is 243w/m?, which occurs at 09:56am,
and the maximum photoelectric irradiance is 242w/
m”, which occurs at 09;41am.

In the rainy weather, the maximum irradiance
of thermal irradiance is 110w/m?, which occurs at
14.13pm, the maximum photoelectric irradiance is

99 w/m”, which occurs at 14;:13pm too.
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Fig. 7 Daily irradiance changes of solar thermal

sensors in different weather conditions
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Fig. 8 Daily irradiance changes of photovoltaic

sensors in different weather conditions

Asit can be seen from the diagram, the maxi-
mum irradiance difference between thermal and pho-
toelectric irradiance is quite different in different
weather conditions.

The average daily statistic results show that un-
der sunny condition, the global thermal radiant is a-
bout 2.7% higher than photoelectric radiation, under
cloudy condition, the global thermal radiant is about
3.9% higher than photoelectric radiation, under rainy
condition, the global thermal radiant is about 20%

higher than photoelectric radiation.
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Fig. 9 Daily global radiation changes of solar thermal

and photovoltaic sensors in different weather conditions

3.2 Comparison of Solar Energy Resources with
Different Tilt Angles

Normally, the solar thermal collector and the
solar panels are installed with an inclined angle, so
as to achieve maximum solar energy conversion rate,
it is very efficient for solar energy utilization.

In this section, the solar energy resources of
different tilt angles are analyzed with photoelectric
radiometer observation data.

Fig.10 shows the change of the daily irradiance
of the horizontally and southerly different tilt angles
( obliquity: latitude + 15°, latitude, latitude-15°,
vertical elevation) .

As can be seen from the diagram, the largest-
daily global radiation is latitude-15° and the southern
vertical plane is the smallest.

The order from large to small issouth latitude-
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15°,
plane and south vertical surface.

The global radiation of the south latitude-15°is
about 41% higher than that of the south vertical sur-

south latitude, south latitude+15°, horizontal

face, as shown in Fig. 11.
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Fig. 10 Daily irradiance changes in different incline
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Fig. 11 Daily global radiation changes in different incline

3.3 Comparison of Solar Energy Resources with
Different Vertical Surface

Using the buildingvertical surface to install solar
utilization equipment is important for the efficient
use of solar. In this section, the solar energy re-
sources of different building vertical surface are ana-
lyzed with the observation data of photoelectric radi-
ometer.

Fig.12 shows the changes of daily irradiance in
the east, south and west vertical surface. As it can

be seen from the diagram, the change of irradiance

in different vertical surface is closely related to the
change of solar time. The irradiance of the East ver-
tical rises rapidly after sunrise in the morning, how-
ever, irradiance of the West vertical surface is slow
at same time. The irradiance of the East vertical de-
creases rapidly in the afternoon whereas west side ri-
ses rapidly. South surface solar irradiance changes
between east and west. South Radiation is the lar-
gest, west is the smallest and east is in the middle,
as shown in Fig. 13. South radiation is larger than
west about 20% , it also has a great relationship with
the different seasons.
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Fig. 12 Daily irradiance changes in different vertical surface
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Fig. 13 Daily global radiation changes in different

vertical surface

4 Conclusion

Solar thermal and photovoltaic resources obser-
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vation data in summer were analyzed under different
weather conditions, different angles and different
vertical surface.

Under sunny condition, the global thermal ra-
diant is about 2.7% higher than photoelectric radia-
tion. Under cloudy condition, the global thermal ra-
diant is about 3.9% higher than photoelectric radia-
tion. Under rainy condition, the global thermal ra-
diant is about 20% higher than photoelectric radia-
tion.

Comparison of solar energy resources with dif-
ferent tilt angles, the order from large to small is
south latitude-15°, south latitude, south latitude +
15°, horizontal plane and south vertical surface.

The global radiation of the south latitude-15°is
about 41% higher than that of the south vertical sur-
face.

Comparison of solar energy resourceswith dif-
ferent vertical surface, south radiation is the largest,
west is the smallest and east is in the middle, as
shown in Fig. 14.

South radiation is larger than west about20% , it
also has a great relationship with the different sea-

sons.
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