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Abstract 

Theoretical investigations have been carried out with the aim to elucidate the thermal advantage of 
tracking solar collectors for different weather conditions in Kgs. Lyngby, Denmark (55.8°N), and for 
the weather conditions in Sisimiut, Greenland (66.9°N), just north of the arctic circle. The 
investigations are based on calculations with a newly developed program. Measured weather data from 
a solar radiation measurement station at Technical University of Denmark in Kgs. Lyngby Denmark in 
the period 1990 to 2002 and the Danish Design Reference Year, DRY data file are used in the 
investigations. The weather data used for Sisimiut are based on a Test Reference Year, TRY weather 
data file. 

The thermal advantages of different tracking strategies is investigated for two flat plate solar 
collectors with different efficiencies, operated at different temperature levels. 
The investigations show that the advantage of full tracking is in the range 40% – 90% depending on 
the solar collector and the operation conditions. The advantage is higher for a low efficient solar 
collector than for a high efficient solar collector and higher for high solar collector temperatures 
than for low solar collector temperatures. Further, design reference years are not suitable to 
elucidate the advantage by tracking. 

1. Introduction 

Recently solar trackers have been applied in PV systems. Maybe it is also attractive to mount solar 
collectors on solar trackers in order to increase the thermal performance of solar collectors. Theoretical 
investigations are carried out with the aim to elucidate the thermal advantages of using solar trackers 
for solar collectors. 

The investigations are based on calculations with a newly developed program [5] that makes use of 
hourly weather data. The weather data used for the investigations are from the Danish Design 
Reference Year, DRY data file, derived from measured weather data from the period 1975 to 1989 [1], 
from the Greenlandic Test Reference Year for Sisimiut, TRY data file, derived from measured weather 
data from the period 1992 to 2005 [2] and measured weather data from the solar radiation 
measurement station at the Technical University of Denmark, DTU in Kgs. Lyngby from the period 
1990-2002 [3]. 

In [3], it is shown how the thermal performances of different stationary mounted solar collectors are 
generally influenced by weather variations and that there are large variations in the yearly solar 



radiation from year to year and that the monthly solar radiation can vary much in years with the same 
yearly solar radiation.  

In [4] the advantage of azimuth tracking (horizontal tracking) and full tracking (horizontal and vertical 
tracking) for different latitudes in the range from 26°N to 75°N is found to increase for increasing 
latitudes. Also it is found that trackers do not significantly raise solar energy collected during winter at 
mid to high latitudes. 

The Greenlandic climate is interesting in connection with tracking, especially due to reflections from 
snow. Measurements carried out show that the albedo coefficient varies throughout the year and is 
strongly influenced by snow. During summer where there is no snow, the albedo coefficient is 0.2 
while it reaches 0.7 during winter when the ground is covered with snow [6,7]. 

Although the results in this study are based on measured Danish weather data, the results are not 
considered specific for Danish conditions.  

2. Tracking strategies 

Three different tracking strategies are applied. The strategies are: 

Full tracking, comprising vertical and horizontal tracking at the same time. In this case, the incidence 
angle is always 0°. 

Azimuth tracking, which is horizontal tracking with a constant tilt angle of the solar collector. In this 
case, the incidence angle is always 90°- s- . 

Vertical tracking, where the tilt of the solar collector is always 90°- s. In case the sun is behind the 
solar collector, the solar collector is turned 180° in order to always have the sun on the front side of the 
solar collector. 

3. Weather data 
Figure 1 shows the measured yearly global solar radiation, the calculated yearly solar radiation on a 
45°-tilted south facing solar collector and on a full tracking solar collector and the ratio between solar 
radiation on a full tracking collector and on a 45°-tilted south facing solar collector for the years 1990-
2002, the Danish DRY and the Greenlandic TRY for Sisimiut. It can be seen that the solar radiation 
varies from one year to another and that the average global solar radiation from 1990-2002 is similar to 
the global solar radiation in DRY data file and that the global solar radiation in Sisimiut is lower than 
the global solar radiation in Denmark due to the higher latitude of Sisimiut. The average solar radiation 
from 1990-2002 on a south facing 45°-tilted collector and on a full tracking collector is lower than the 
solar radiation in DRY data file on the same collector while the solar radiation ratio between full 
tracking and south 45° is higher with the average solar radiation from 1990-2002 than with the solar 
radiation in DRY data file. 

Figure 2 shows the yearly solar radiation on a differently tilted azimuth tracking solar collector and on 
a differently oriented vertically tracking solar collector for the years 1990-2002, the Danish DRY and 
the Greenlandic TRY for Sisimiut.  

It can be seen that the optimal tilt of a azimuth tracking solar collector is between 45° and 60° for 
Denmark and surprisingly enough also for Sisimuit in Greenland. One would expect that the optimal 
tilt of an azimuth tracking solar collector would be higher in Greenland than in Denmark because of 



the higher latitude which results in a lower solar altitude. Most likely it is due to cloudy weather in 
Sisimiut where it is more important to receive diffuse radiation from the sky dome than beam radiation 
from the sun. Regarding vertically tracking, it can be seen that the highest solar radiation in Denmark 
is reached for the solar collector oriented east or west while the solar collector situated in Sisimiut 
should be oriented south or north in order to gain most from the vertically tracking strategy. 

Fig. 1. Yearly solar radiation on stationary and tracking solar collector and solar radiation ratio for  different 
weather conditions. 

 

 
Fig. 2. Left: Yearly solar radiation on differently tilted horizontally tracking solar collector for different weather 
conditions. Right: Yearly solar radiation on differently oriented vertically tracking solar collector for different 

weather conditions.  

4. Investigations 
Two solar collectors are used for the investigations. Table 1 show the data of the solar collectors. 

The solar collector coefficients for the flat plate collectors given in Table 1 are used to describe the 
solar collector efficiency  for all incidence angles with the equation: 
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Where  k is the incidence angle modifier given by: 
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The power produced by each m2 of the solar collector is calculated with a correction term for diffuse 
radiation [10]: 
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The isotropic solar radiation processing model is used to calculate the diffuse solar radiation on the 
solar collector [11]. The diffuse solar radiation comprise the diffuse solar radiation from the part of the 
sky that is visible to the solar collector and the diffuse reflected solar radiation from the surroundings 
that are visible to the solar collector. For the calculations with the Danish weather data, an albedo of 
0.2 is used. For the calculations with the Greenlandic weather data from Sisimiut, variable albedo 
coefficients are used. The ground reflection coefficients are high during the winter when the ground is 
covered with snow and low during the summer without snow. The used ground reflection coefficients 
are shown in Table 2 [7]. 

Table 1. Data of the solar collectors [8,9]. 
Solar collector HT-SA 28/10 BA 22 

Manufacturer Arcon Solvarme A/S, Denmark BATEC A/S, Denmark 

Start efficiency 0.817 0.767 

Heat loss coefficient, a1 [W/m2K] 2.205 3.867 

Heat loss coefficient, a2 [W/m2K2] 0.0135 0.01 

Incidence angle modifier coefficient, p 3.0 3.4 

 
Table 2. Albedo coefficient used to calculate the diffuse radiation on the solar collector. x is the difference 

between the solar azimuth ( s) and the surface azimuth ( ). 
Month Albedo = Equations Month Albedo = Equations 
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Jun  Dec  

 



The calculations are carried out with constant operation temperatures of 20°C, 40°C, 60°C, 80°C and 
100°C throughout the year and the solar collector azimuth is varied between south and north. 

4.1. Simulation results 
The thermal performance Q and the performance ratio PR are defined as: 

Q = Energy produced by the solar collector assuming constant operation temperature  (4) 

REF

QPR
Q

, REFQ is the thermal performance of a south facing 45°-tilted collector   (5) 

Figure 3 – Figure 6 show the performance ratio for the two investigated solar collectors for the three 
different tracking strategies. For vertical tracking, the results are shown both for vertical tracking on a 
south-north axis and on an east-west axis. The figures show the average performance ratio in the 
period 1990-2002, the performance ratio with DRY data file and with TRY data file for Sisimiut. The 
figures also show the maximum and the minimum performance ratio in the period 1990-2002. 

If full tracking is applied, Figure 3 shows that the average performance ratio in the period 1990-2002 is 
in the range 1.4 – 1.9 depending on the solar collector and the operation conditions. With DRY the 
range is 1.4 – 1.8 and with TRY Sisimiut the range is 1.4 – 1.7. The higher the temperature level, the 
higher the thermal advantage of the tracking will be. The thermal advantage of tracking is higher for a 
low efficient collector than for a high efficient collector. 

If azimuth tracking is applied, Figure 4 shows that the average performance ratio in the period 1990-
2002 is in the range 1.4 – 1.7 depending on the solar collector and the operation conditions. With DRY 
the range is 1.3 – 1.7 and with TRY Sisimiut the range is 1.3 – 1.6.  

If vertical tracking on a south-north axis is applied, Figure 5 shows that the advantage of tracking is in 
the range 0% - 5% for the period 1990-2002 and DRY, while there is no advantage with weather data 
from TRY Sisimiut.  

If vertical tracking on an east-west axis is applied, Figure 6 shows that the advantage of tracking is in 
the range 6% - 15% for the period 1990-2002 and in the range 4% - 7% with DRY data file. There is 
absolutely no advantage with TRY data file for Sisimiut.   

Fig. 3. Performance ratio for full tracking solar collectors as function of the mean solar collector fluid 
temperature. 



Fig. 4. Performance ratio for azimuth tracking 45°-tilted solar collectors as function of the mean solar collector 
fluid temperature. 

Fig. 5. Performance ratio for vertical tracking on south-north axis solar collectors as function of the mean solar 
collector fluid temperature. 

Fig. 6. Performance ratio for vertical tracking on east-west axis solar collectors as function of the mean solar 
collector fluid temperature. 

5. Discussion and conclusion 

The thermal performance advantage of applying different tracking strategies to solar collectors is 
theoretically investigated. The investigations show that the advantage of tracking is mainly due to the 
extra thermal performance during summer time. The advantage of a tracking collector compared to a 
stationary collector is much lower with DRY data file than with the individual measured years.  

Figure 7 shows the monthly total solar radiation on a south facing 45°-tilted solar collector with DRY 
data file and with the average weather data from the years 1990-2002. The figure also shows the 

 

 



weather data from the individual years and the difference between the monthly total solar radiation on 
a full tracking solar collector and on a south facing 45°-tilted solar collector with weather data from the 
individual years. It can be observed that the difference between DRY data file and the individual years 
is the yearly solar radiation and the monthly distribution of solar radiation. The monthly total solar 
radiation difference on a full tracking and on a stationary solar collector for the individual years is 
lower or higher than with DRY data file. With DRY data file, there are no high monthly peaks, while 
the individual years almost all contain monthly peaks resulting from very sunny periods, mainly during 
summer. DRY data file is designed with a smooth solar radiation profile without such very sunny 
periods. Hence it can be concluded that the smoothened designed reference years are not suitable to 
elucidate the thermal advantage of tracking. 

Fig. 7. Monthly total solar radiation on a south facing 45°-tilted collector with weather data from 1990-2002, 
DRY data file, and from the individual years. The difference between the monthly total solar radiation with full 
tracking and a south facing 45°-tilted collector are shown with weather data from the individual years. In the top 

left figure the difference is based on DRY data file. 

Nomenclature 

s  Azimuth angle of the sun, ( )  k  Incidence angle modifier, (-) 

 Azimuth angle of the solar collector, ( )   Incidence angle, ( ) 

  



 Solar collector efficiency, (-)  p Incidence angle modifier coefficient, (-) 

0  Optical efficiency of incident radiation, 
(-) 

 x Difference in solar azimuth angle and solar 
collector azimuth angle, ( ) 

1a  Solar collector heat loss coefficient, 
(W/m2K) 

 
mT  Mean temperature in the solar collector, ( C) 

2a  Solar collector heat loss coefficient, 
(W/m2K2) 

 
aT  Ambient temperature, ( C) 

s Altitude angle of the sun (°)  P  Usefull solar collector power output, (W/m2) 

 Tilt angle of solar collector (°)  Q  Useful solar collector energy output, 
(kWh/m2) 

bG ,  Beam irradiance, (W/m2)  
dG  Diffuse irradiance, (W/m2) 

tG  Total irradiance, (W/m2)  
REFQ  Useful solar collector energy output of 

reference solar collector, (kWh/m2) 

PR  Performance ratio, (-)  ( )x  Albedo, (-) 

References 

[1] Skertveit, A., Lund, H., Olseth, J.A., 1994. Design Reference Year. Det Nordiske Institut. Report no. 1194 
Klima. 12/1994. 

[2] Michaelsen, L.I., 2008. Udarbejdelse af referenceår 1992-2005 Sisimiut. Student report from department of 
civil engineering, Technical University of Denmark (DTU Byg). 

[3] Andersen, E., Furbo, S., 2009. Theoretical variations of the thermal performance of different solar collectors 
and solar combi systems as function of the varying yearly weather conditions in Denmark. Solar Energy, Vol. 
83, pp 552-565. 

[4] Ross, M., 1998. Photovoltaics in cold climates. James &James Ltd. ISBN 1-873936-89-3. 

[5] Andersen, E., 2010. Thermal performance of stationary solar collectors and solar collectors on trackers - user 
manual. DTU Civil Engineering-Report SR-10-01. Department of Civil Engineering, Technical University of 
Denmark. 

[6] Dragsted, J., Furbo, S., Andersen, E., Karlsson, B., 2007. Measured reflections from snow. Proceedings of the 
International Solar Energy Congress, ISES 2007, Beijing, China. 

[7] Dragsted, J., Furbo, S., 2010. Analysis of long term measurements of the reflection  from the ground in 
Sisimiut, Greenland. Submitted to Cold Region Science and Technology, 2010. 

[8] Axell, M., Björkman, J., 2009. SP report, P907445-02. SP Technical Research Institute of Sweden. 

[9] Månsson, L., Johansson, G., 2008. Solar Keymark Licence No. SP 46 97 01. SP Technical Research Institute 
of Sweden. 

[10] Perers, B., 2000. A solar collector model and emulator for IEA SHC Task 26, Description for solar thermal 
testing. Based on the CEN 12975 and the TRNSYS type 132 collector model. Vattenfall Utveckling AB. 

[11] Liu, B.Y.H., Jordan, R.C., 1963. The long-term average performance of flat-plate solar energy collectors. 
Solar Energy 7, 53. 


