
 
 
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright 
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

 Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 

 You may not further distribute the material or use it for any profit-making activity or commercial gain 

 You may freely distribute the URL identifying the publication in the public portal 
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
  
 

   

 

 

Downloaded from orbit.dtu.dk on: May 23, 2023

A simplified model for linear correlation between annual yield and DNI for parabolic
trough collectors

Ahlgren, Benjamin; Tian, Zhiyong; Perers, Bengt; Dragsted, Janne; Johansson, Emma; Lundberg, Kajsa;
Mossegård, Jonatan; Byström, Joakim; Olsson, Olle

Published in:
Energy Conversion and Management

Link to article, DOI:
10.1016/j.enconman.2018.08.008

Publication date:
2018

Document Version
Peer reviewed version

Link back to DTU Orbit

Citation (APA):
Ahlgren, B., Tian, Z., Perers, B., Dragsted, J., Johansson, E., Lundberg, K., Mossegård, J., Byström, J., &
Olsson, O. (2018). A simplified model for linear correlation between annual yield and DNI for parabolic trough
collectors. Energy Conversion and Management, 174, 295-308. https://doi.org/10.1016/j.enconman.2018.08.008

https://doi.org/10.1016/j.enconman.2018.08.008
https://orbit.dtu.dk/en/publications/50c35731-4243-45b6-af47-74dada8f0715
https://doi.org/10.1016/j.enconman.2018.08.008


1 
 

A simplified model for linear correlation between 1 

annual yield and DNI for parabolic trough 2 

collectors 3 
Benjamin Ahlgren1, Zhiyong Tian2, Bengt Perers2, Janne Dragsted2, Emma Johansson1, 4 
Kajsa Lundberg1, Jonatan Mossegård3, Joakim Byström3, Olle Olsson3 5 
1Umeå University, SE-901 87 Umeå, Sweden 6 
2Department of Civil Engineering, Technical University of Denmark, Brovej Building 118, 7 
Lyngby, 2800, Denmark 8 
3Absolicon Solar Collector AB, Fiskaregatan 11, SE-871 33 Härnösand, Sweden 9 

Abstract 10 

This paper proposes a simple method for estimating annual thermal performance of parabolic 11 
trough collectors (PTCs) based on a linear relation with annual DNI for a certain latitude. A case 12 
study with simulations for a novel concentrating solar collector in 316 locations for three operating 13 
temperature scenarios worldwide was carried out and showed promising results for the latitudes and 14 
continents investigated. For a certain latitude and mean operating temperature, the annual yield of a 15 
PTC was found to be linearly proportional to yearly DNI. The proposed method will serve as a 16 
simplified alternative to the steady-state and quasi-dynamic methods already used. Estimating 17 
performance based on yearly DNI can be used by design engineers to do quick preliminary planning 18 
of solar plants. Customers can also use this tool to evaluate existing solar collector installations. A 19 
TRNSYS/TRNSED tool that uses a steady-state model has been developed to carry out the 20 
simulations and it has been validated against a PTC array at Technical University of Denmark 21 
(DTU). The results show that the simplified method can give reliable estimates of long-term 22 
performance of parabolic trough collectors. 23 
 24 
Keywords: Simplified methods, parabolic trough collectors, DNI, annual yield. 25 

1 Introduction 26 

The building sector consumes about 40 % of the total society energy in the developed countries [1]. 27 
Space heating and domestic hot water systems account for more than 50 % of the energy 28 
consumption in the building sector. Solar thermal energy systems are one of the most promising 29 
ways to reduce the fossil energy consumption. Large-scale solar collector arrays gain more and 30 
more interest in the district heating networks or industry processes. Small-size concentrating solar 31 
collectors with high efficiency is suitable for these applications. 32 
    Sweden was the first country to apply large solar collector arrays into district heating systems in 33 
the 1980s. Then solar district heating plants gained success in Denmark [2], Germany, and Austria. 34 
Denmark is presently the front runner worldwide in the solar district heating plants [3]. By the end 35 
of 2016, more than 1.3 million m2 of solar collectors were in operation in Denmark. China is an 36 
emerging market for large-scale solar thermal plants, reducing the air pollution in the winter. 37 
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    Most solar collectors in existing plants are ground-mounted flat plate collectors and previous 38 
research is mainly on flat plate collector arrays. Parabolic trough collectors have shown more and 39 
more advantages in the low temperature level 70-150 °C [4]. The heat loss of concentrating solar 40 
collectors is much lower than the flat plate collectors so higher temperature heat can be produced 41 
with good efficiency. This guarantee better performance in industry applications and charging of 42 
heat storages compared to flat plate collector arrays.  43 
    Traditionally, complicated procedures or expensive software is used to calculate the performance 44 
of the parabolic trough collector array. To make qualified assumptions on the thermal performance 45 
of a PTC array, it is important to simulate the performance in a quick and cost-effective way.  46 
 47 
1.1 Previous simulation work 48 
TRNSYS is used widely in solar thermal energy systems simulation [5]. Most users of TRNSYS are 49 
researchers, focusing on the research purpose [6]. Bava. et al. [7] developed a MATLAB-TRNSYS 50 
model on large solar collector fields for district heating networks. Kong. et al. [8], [9] proposed a 51 
new transfer function method for flat plate collectors. Deng. et al. [10]–[12] developed a second-52 
order transfer function model for dynamic test on the flat plate collectors. Tian. et al. [13]–[15] 53 
applied the quasi-dynamic model to simulate the short and long-term performance for both large-54 
scale flat plate collector fields and parabolic trough collector fields. 55 

Vela Solaris [16] has developed a commercial simulation tool for designing engineers and energy 56 
consultancies that is called Polysun. The RISE Research Institutes of Sweden has developed a user-57 
friendly standardized open source tool for calculating the annual energy output for solar collectors 58 
available in the market – ScenoCalc [17]. The tool is now being used within the Solar Keymark, the 59 
quality labeling of solar thermal products in Europe for calculating certified annual collector output. 60 
The tool was developed within the EU-project Quality Assurance in Solar Thermal Heating and 61 
Cooling Technologies (QAIST) and uses a Microsoft Excel interface. Even though ScenoCalc is 62 
further developed by Berberich. et al. [18], one drawback of ScenoCalc is that the shadow between 63 
the collector rows, in a field, is not taken into consideration. 64 

Many existing publications on the parabolic trough collectors are on the detailed optical models 65 
and heat transfer models [19]-[20]. Reddy. et al. [21] did sensitivity studies of thermal performance 66 
characteristics based on optical parameters for direct steam generation from parabolic trough 67 
collectors. Xu. et al. [22] developed a numerical model to quantify several important factors 68 
affecting heat losses, and reveal the relationship between heat losses and the overall performance of 69 
parabolic trough solar collectors under various boundary conditions. Monte Carlo Ray Tracing 70 
method (MCRT) and Finite Volume Method have been widely used to determine optical 71 
performance or thermal performance of parabolic trough collectors [23]–[28].  ANSYS - Fluent was 72 
also widely used by the researchers to calculate the performance of parabolic trough collectors 73 
[29]–[32]. This research may be useful to develop single parabolic trough collector components for 74 
the manufactures. However, publications on accurate and quick estimation of the performance of 75 
large PTC arrays are limited, as far as we know.  A simple model is necessary for the solar industry 76 
and end-users to guarantee the thermal performance of parabolic trough collectors. 77 

 78 
1.2 Scope 79 
Parabolic trough collectors mainly use the beam radiation to produce heat [33]. This study proposes 80 
a simple prediction model of annual performance of large parabolic trough array based on a linear 81 
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relation to yearly DNI, at a certain latitude worldwide. That model makes it possible also for non-82 
experts to plan and evaluate collector fields since annual DNI data is easily accessible for most 83 
locations, e.g. through Global Solar Atlas [34]. It enables solar companies and engineers to speed 84 
up their preliminary planning of solar thermal plants. It also enables end-users around the world to 85 
better understand the potential of implementing solar energy. 86 
    This study aims to verify the hypothesis of linearity between annual output and total yearly DNI 87 
by running a big set of simulations, 316 locations under three operating temperature scenarios (948 88 
cases). The simulations are done using a self-developed and validated TRNSYS/TRNSED 89 
simulation tool.  90 
 91 

2 Methods 92 
The methods of this study can be divided into two parts. The first one is to get simulated data based 93 
on the solar collector model. This includes both developing a TRNSYS/TRNSED tool for multiple 94 
simulations and validation against measured collector data. The second part is comparing the annual 95 
output with the yearly DNI to test the hypothesis of linearity. 96 

2.1 Solar collector model 97 
The solar collector modelling, testing and simulation methodologies can be divided into steady-state 98 
(SST), quasi-dynamic (QDT) and fully dynamic (DT) methods. The method of modelling and 99 
performance was carefully analyzed in [35] which is the fundamental basis for the simulation tool 100 
used in this paper. The basic collector model concept was analyzed and validated for a full 101 
operating season by Perers [36]. 102 
    The simplified SST model for collector yield used in this study can be expressed as Equation (1)-103 
(3) [37].  104 
  105 

 ( 1 ) 106 

where 107 

  ( 2 )  108 

and 109 

  ( 3 )  110 

   In this paper, the collector is tracking the sun with the tracking axis aligned north to south so 111 
that . When the  approaches 90° the IAM (  decreases, negative IAM values 112 
was set to 0 since the IAM reaches zero before .  113 
    The simplified SST model was used to get very fast annual simulations since many locations and 114 
three operating temperatures were to be investigated. The sky radiance and wind terms was 115 
assumed to be zero [37] since the PTC used here is covered with glass which makes those terms 116 
small. The capacitance term was neglected since one-hour resolution data was used and capacitance 117 
is insignificant on that time resolution [38]. The simplification without thermal capacitance term is 118 
also chosen in the ScenoCalc tool [17] used in the Solar Keymark. 119 
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The principle of TRNSYS Type 30 [39] was used to simulate the shadows between the solar 120 
collector troughs in an array. The collector length was assumed to be infinite, hence only shadowing 121 
between rows were accounted for. 122 

2.1.1 Validation of solar collector model 123 
The Absolicon T160 collector, see Figure 1, was used in both simulations and validation of the 124 
collector model. T160 is a tracking concentrating collector with parabolic mirrors and a selective 125 
absorber tube placed in the focal line position. It is covered with glass that also is part of the 126 
mechanical structure. The design is optimized and adapted to fast robot manufacturing.  127 
 128 

 129 
Figure 1. Concentrating solar collector Absolicon T160 [40]. 130 

 131 
In the basic installation design, the tracking axis is horizontal and can be installed in any azimuthal 132 
direction depending on local conditions like available roof or ground area direction. Load 133 
distribution over the day and year is also a factor. 134 
    The dimensions of T160 parabolic trough collector are listed in Table 1.  The troughs are quite 135 
short so that the collector can have tracking axis tilt, which has been found to increase the annual 136 
performance significantly, especially at higher latitudes.  137 

138 



5 
 

Table 1. Dimensions of T160 collector unit [41]. 139 

Length 5.490 m 
Width 1.056 m 

Absorber 
area 

0.44 m2 (specified by 
Absolicon) 

Gross area 5.8 m2 (measured by RISE) 
 140 
The solar collector model used for the simulations in this paper was validated in a case study 141 
against measurements for an array of 4 troughs at DTU in Copenhagen. The measurements lasted 142 
for 2.5 months starting July 2017. The parameters of T160 collector has been tested (QDT) at RISE 143 
(Research Institutes of Sweden) during 2016 [41] and the test results from RISE was used in the 144 
collector model when validating against measured data at DTU, see Figure 2. 145 
 146 

 147 

Figure 2 gives a solid indication that the simulations in this paper should be realistic and give 148 
accurate long-term performance results. The measured and simulated energy outputs have good 149 
agreements in both sunny and cloudy days. 150 
 151 

Figure 2. Validation of the simulation tool used versus measured data for a 
four troughs-array at DTU in Copenhagen Denmark. Measurements during 
July to mid-September 2017. Green dots represent measured performance 
and purple rings is simulated performance with the tool used in this study. 
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2.2 Simplified model based on DNI 152 
The hypothesis was that the annual collector array performance would depend linearly on annual 153 
DNI, as expressed in Equation (4) 154 
 155 
   ( 4 ) 156 
 157 
where  is the annual yield,  is a constant and  is the yearly DNI. A significant latitude effect 158 
was found for a horizontal north-south tracking axis so the formula was elaborated to Equation (5) 159 
as 160 
 161 
   ( 5 ) 162 
 163 
where is dependent on the latitude. This is a very simple relation that can be used quickly if just 164 
the local DNI and latitude is known. 165 
    There is also an operating temperature dependence in . The full basic formula should then be 166 
Equation (6) 167 
 168 
   ( 6 ) 169 
 170 
where  is dependent on both latitude and mean operating temperature, .  171 

2.2.1 Verification of simplified model 172 
To confirm the hypothesis described above (Equations 4-6),  a set of 862 climate conditions was 173 
generated as typical meteorological years (TMY) from weather stations (non-interpolated data) in 174 
TRNSYS 17 [42]. The time resolution of the climate files was one hour. Climates closer than ±2° to 175 
latitudes -50°, -40°, …, 60°, 70° was selected to define  for all 13 latitudes worldwide. Due to 176 
lack of weather stations at some latitudes the number of climates selected for each latitude varied 177 
between 1 (at latitude -50°) and 100 (at latitude 40°), see Table 3-5. The climate at -50° was kept 178 
even though it was the only one for the latitude. It was done to see whether it followed the pattern 179 
of decreasing  at higher or lower latitudes. 180 
    Total 316 climate stations were selected and investigated to confirm the hypothesis of the 181 
simplified model. The selected climate locations are indicated with red crosses in Figure 3. 182 



7 
 

 183 
 Figure 3.  The locations where the performance was simulated is shown with 184 

red crosses. More locations were chosen on some latitudes due to easier 185 
access to accurate weather data. Locations where interpolated annual DNI 186 
can be obtained from e.g. Global Solar Atlas [34] are indicated in black. The 187 
investigated latitudes are marked with blue lines. 188 

Simulations were done with the TRNSYS/TRNSED tool for a T160 array of 20 collectors for three 189 
mean operating temperatures ( ), 85 °C, 120 °C and 160 °C. The TRNSYS/TRNSED tool was 190 
validated in Section 2.1.1. The collectors were tracking the sun movement from east to west with a 191 
horizontal north to south tracking axis. The center to center row distance of the troughs was 1.4 m 192 
and their azimuth angle (deviation from south) was 0°. The collector parameters used is from 193 
preliminary test results at SPF [43] for the latest T160 model and can be seen in Table 2.  194 

Table 2. Collector parameters from preliminary SPF test results for 195 
Absolicon [25]. The parameters are based on aperture area. 196 

Parameter Value Unit 
 0.7661 [-] 

b0 0.210 [-] 
 0.08586 [-] 

c1        0.3677 [W/m2K] 
c2  0.003224 [W/m2K2] 
Aperture width 1.056 [m] 

 197 

The simulated yield for each weather station and operating temperature was grouped by latitude and 198 
compared to DNI. Linear regression then gave  in Equation 6. 199 
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2.3 Offset at zero DNI 200 
When the simplified model was developed there was a discussion about whether to include an offset 201 
term, related to the heat losses from the collector array. The normal Input-Output curves have such 202 
an offset [44] if daily values was plotted. The motivation to make the analysis without offset is that 203 
the collector heat losses are very small for a concentrating collector and the annual operating time 204 
will also vary systematically with available annual solar radiation, DNI in this case [35]. Therefore, 205 
in a tentative zero DNI case, the operating time and thereby the heat losses would also be close to 206 
zero and the offset will not be a relevant parameter in the model. 207 
    Previous studies of this kind of very simple annual performance relations, for flat plate and 208 
vacuum tube collector’s performance [45], indicated a negative zero offset when applying a similar 209 
collector model. They plotted annual collector output versus global horizontal radiation instead of 210 
DNI. In that case the variation in global radiation was due to small changes between different real 211 
years and not different locations. The heat losses of the concentrating collectors studied in this 212 
paper are in the range of 5-10 times lower (around 0.5-1.0 W/(m2K) for a medium concentrating 213 
collector, compared to 3-4 W/(m2K) for a typical flat plate collector) than for flat plate collectors 214 
so the offset should be very small. Collector test parameters including heat losses for various 215 
collector types, can be found in the Solar Keymark Database [46]. 216 
    A full verification of the zero-offset assumption cannot be done by statistical methods as there 217 
are no locations with climates that has even close to zero annual DNI on earth. Therefore, it was 218 
decided to make a model design freeze for the simplified tool at this level and constrain the model 219 
to pass the origin. 220 

3 Results and discussions 221 

Plots of the results for mean operating temperature 85 and 120 °C, divided by latitude, is displayed 222 
in Figure 4-9 in this section. Plots for  can be seen in Appendix. All the results 223 
indicate a strong linearity around all investigated latitudes except at -50° where no conclusions can 224 
be drawn due to lack of data. The biggest difference between the mean operating temperatures is the 225 
lower  and the slight increase in model error at higher temperature. Both are most likely due to 226 
the increased heat loss.  and  will here be discussed more in detail. 227 

3.1 Strong linearity 228 

3.1.1 Mean operating temperature 85 °C 229 
At 40° north (Figure 4d) there were 100 weather stations available. The simplified model predicts 230 
an annual yield of 43.7 % of available DNI there. As shown in the Figure 4d the root-mean-square 231 
error (RMS) of the prediction was ±26.2 kWh/(m2y). Most locations at the latitude were in the span 232 
of DNI 1100 to 1600 kWh/(m2y) and in that range the error was even smaller. 233 
    The widest span of DNI was found around 30° north and that is also where the RMS error was 234 
biggest, ±30 kWh/(m2y). Figure 4e indicates that the linearity holds over the whole span. Since the 235 
annual yield ranges from about 200 to 1300 kWh/(m2y), an RMS error of ±30 kWh/(m2y) 236 
represents a relative error of 2.3 to 15 % depending on whether the DNI was low or high on the 237 
location. 238 
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 239 
Figure 4a-h. Simulated values for annual T160 collector yield compared to DNI around latitudes 70°, 60°, ..., 240 
0°. Collector yield simulations based on a mean operating temperature of 85 °C. A linear regression is 241 
shown with a red line. 242 

The longer from the equator, the lower the DNI,  and hence the yield. At 50° north most of the 82 243 
weather stations received DNI in the range of 500 to 1000 kWh/(m2y) and  was found to be 244 
0.360. The simulated yield was between 200 and 400 kWh/(m2y). An RMS of ±23.3 kWh/(m2y) 245 
then represent 5.8 to 11.7 % relative error. As one can see in Figure 4c, the variation around the 246 
regression line was bigger at higher DNI so the relative error was smaller where most of the 82 247 
stations are. 248 
    There are fewer weather stations at the south of the equator, as shown in Figure 5a-e. The 249 
simulations based on the data available indicates strong linearity. 250 

  

g h 

a b 
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 251 
Figure 5a-e. Simulated values for annual T160 collector yield compared to DNI around latitudes -10°, 252 
-20°, ..., -50°. Collector yield simulations based on a mean operating temperature of 85 °C. A linear 253 
regression is shown with a red line. 254 

Figure 6 shows the slope ( ) of the regression lines for latitudes -50° to 70° and the very 255 
systematic variation with latitude. The slope is steepest at the equator and goes down towards the 256 
polar regions like a cosine curve. The relation is also quite symmetrical between north and south of 257 
the equator. 258 

c d 

e 
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 259 
Figure 6. Energy output per DNI plotted against latitude. 260 
Collector yield simulations based on a mean operating 261 
temperature of 85 °C. 262 

3.1.2 Mean operating temperature 120 °C. 263 
The linearity between annual energy output and total yearly DNI is clear at this temperature 264 

scenario as well, see Figure 7 and 8. The deviation from the linear regression is slightly bigger 265 
compared to the results in Section 3.1.1. The biggest RMS error is ±40.5 kWh/(m2y) and is here 266 
found at latitude 20° north. 267 
    The model is underestimating the yield at higher DNI at this mean operating temperature and is 268 
even more clear in the results for  in Appendix if the results for latitude 40° north in 269 
Figure 4d, Figure 7d and Figure 10d are compared. 270 

  

a b 
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 271 
Figure 7a-h. Simulated values for annual T160 collector yield compared to DNI around latitudes 70°, 60°, ..., 272 
0°. Collector yield simulations based on a mean operating temperature of 120 °C. A linear regression is 273 
shown with a blue line. 274 

c d 

e f 

g h 
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 275 
Figure 8a-e. Simulated values for annual T160 collector yield compared to DNI around latitudes -10°, 276 
-20°, ..., -50°. Collector yield simulations based on a mean operating temperature of 120 °C. A linear 277 
regression is shown with a blue line. 278 

a b 

c d 

e 
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Figure 9 summarize the slopes in the plots above and the same decrease when moving away from 279 
the equator can be seen here as in Figure 6. The trends are similar, but the size differs a bit due to 280 
decreased efficiency at the higher temperature. 281 

 282 
Figure 9. Energy output per DNI plotted against latitude. 283 
Collector yield simulations based on a mean operating 284 
temperature of 120 °C. 285 

3.2  Error analysis 286 
The models displayed in Figure 4-5 and Figure 7-8 is summarized in Table 3 and Table 4 287 
respectively. The t-ratios indicate that the relation between annual yield and DNI is well described 288 
by the linear model for all the investigated  and latitudes, except for -50° where no conclusions 289 
can be drawn due to lack of data. The slopes of the regression lines are steepest close to the equator 290 
as one would expect as the tracking axis is horizontal. The mean residuals of the regressions for 291 

 were below 7 % for all latitudes.  292 
 293 
 294 

 295 

 296 

 297 

 298 

 299 

 300 

 301 

 302 
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Table 3. Results and error analysis of the linear models describing annual yield based on annual DNI for a 303 
certain latitude and a mean operating temperature, . Note that for latitude -50° only one climate 304 
was simulated. 305 

Figure Latitude 
(±2°) 

 

Number of 
weather stations 

RMS error 
[kWh/(m2y)] 

Mean residual 
[%] 

t-ratio 

4a 70 0.247 4 19.9 6.92 35 
4b 60 0.299 25 23.9 6.34 70 
4c 50 0.360 82 23.3 4.81 149 
4d 40 0.437 100 26.2 3.02 261 
4e 30 0.493 35 29.9 2.61 197 
4f 20 0.532 13 29.6 1.89 124 
4g 10 0.554 21 18.6 1.87 206 
4h 0 0.550 11 17.6 1.36 144 
5a -10 0.549 4 23.2 2.56 78 
5b -20 0.529 6 19.2 0.80 240 
5c -30 0.492 10 28.5 2.08 125 
5d -40 0.434 4 29.3 3.42 43 
5e -50 0.329 1 0.00 0.00 ∞ 
 306 
Comparing Table 3 and Table 4 gives a signal on how the efficiency from  to   decreases 307 
with increasing . It also indicates the increasing difficulty of modelling collector yield at higher 308 
mean operating temperatures. Even so, the mean residual for  is still below 9 % and for 309 

 it is below 12.5 % (see Appendix).  310 

Table 4. Results and error analysis of the linear models describing annual yield based on annual DNI for a 311 
certain latitude and a mean operating temperature, . Note that for latitude -50° only one climate 312 
was simulated. 313 
Figure Latitude 

(±2°) 
 

Number of 
weather stations 

RMS error 
[kWh/(m2y)] 

Mean residual 
[%] 

t-ratio 

7a 70 0.197 4 20.0 8.95 28 
7b 60 0.246 25 21.8 7.08 63 
7c 50 0.298 82 25.5 6.14 117 
7d 40 0.381 100 29.6 3.87 207 
7e 30 0.439 35 37.4 3.88 149 
7f 20 0.477 13 40.5 2.53 84 
7g 10 0.491 21 25.1 2.93 141 
7h 0 0.489 11 21.6 2.17 107 
8a -10 0.491 4 18.9 2.27 85 
8b -20 0.475 6 13.3 1.35 171 
8c -30 0.443 10 35.8 2.95 91 
8d -40 0.376 4 32.3 4.34 34 
8e -50 0.270 1 0.00 0.00 ∞ 
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4 Conclusions and future work  314 

The simulation tool used in this study has been validated against long-term measurements on a 315 
small T160 collector array installed and carefully monitored at DTU in Denmark. DNI 316 
measurements were available at the test installation at DTU and the whole chain of calculations was 317 
validated. The thermal performances of the studied parabolic trough collector array with 316 318 
climate station conditions in 13 latitudes worldwide for three temperature scenarios were simulated 319 
based on the validated tool. These conclusions may be drawn: 320 
 321 
    (1) The hypothesis of a linear relation between annual PTC yield and DNI for a certain latitude 322 
was confirmed on 12 of the 13 investigated latitudes under three temperature scenarios. For the 13th 323 
latitude, 50° south, only one weather station was found so no conclusions can be drawn there. The 324 
general conclusion is that the annual performance of a tracking concentrating collector of type 325 
Absolicon T160 can be predicted quite accurately based on the proposed simplified model. Within 326 
7 % for  9 % for  and 12.5 % for , based on only latitude and 327 
total yearly DNI. Simulation values like the ones listed in Table 3 could easily be used to determine 328 
collector performance and to do quick estimates. There is a possibility to save both time and money 329 
by continuing developing simple prediction models that can be used in various manners where an 330 
accuracy of 12.5 % is enough. All kinds of modelling based on normal years involve uncertainties, 331 
both traditional solar collector model simulations and this simple prediction model. The real year 332 
DNI is for example expected to deviate in the range of ±8 to ±15 % according to [34]. 333 
    (2) Based on the plots for  in Appendix one can argue whether it was a good 334 
decision to constrain the model to pass the origin. There is a trend that signals an offset in the plots. 335 
Higher mean operating temperatures increases the heat losses and hence undermine the arguments 336 
for keeping the constraint. In future work one should again consider whether an offset is needed, 337 
especially if even higher temperatures are modelled. It seems that at higher , the model now 338 
tends to underestimate at high DNI and overestimate at low DNI. 339 
    At present, only the case of horizontal north south axis direction has been investigated. But the 340 
relatively small collector array module design, is also suitable for application with tilt of the 341 
tracking axis and change of the azimuth according to local weather and installation conditions. This 342 
can be investigated by simulations in the future and preliminary simulations indicates a large 343 
performance improvement potential. It will therefore be of future interest to construct similar 344 
models that can handle tilts and rotations of collector fields. 345 
    The cosine behavior of , see Figure 6 , 9 and 12, will also be analyzed more in future work. 346 
The spans around latitudes are likely to cause a minor scatter in the model. This could be minimized 347 
by analyzing the cosine behavior in detail. 348 

 349 

 350 

 351 
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NOMENCLATURE 352 

Variables Description Unit 
 Collector yield per area. [W/m2] 

 Beam solar radiation in the 
collector plane. 

[W/m2] 

 Diffuse solar radiation in 
collector plane. 

[W/m2] 

 Mean fluid temperature 
. 

[°C] 

 Ambient temperature close to 
collector (in the shade) 

[°C] 

 Biaxial incidence angles for 
beam radiation onto the 
collector plane in longitudinal 
(L) and transversal (T) 
direction from the normal. 

[°] 

   

Parameters Description Unit 
 Zero loss efficiency of the 

collector for beam radiation, at 
normal incidence angle 

[-] 

 Incidence angle modifier 
(IAM) for beam solar 
radiation. Can be generalized 
to  in the case of a 
tracking concentrating 
collector with north to south 
tracking axis. 

[-] 

 Incidence angle modifier 
coefficient. 

[-] 

 Incidence angle modifier for 
diffuse solar radiation. 

[-] 

 Heat loss coefficient [W/m2K] 

 Temperature dependence in 
heat loss coefficient 

[W/m2K2] 

 353 
 354 
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 481 
Figure 10a-h. Simulated values for annual T160 collector yield compared to DNI around latitudes 70°, 482 
60°, ..., 0°. Collector yield simulations based on a mean operating temperature of 160 °C. A linear 483 
regression is shown with a magenta line. 484 
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 485 
Figure 11a-e. Simulated values for annual T160 collector yield compared to DNI around latitudes -10°, 486 
-20°, ..., -50°. Collector yield simulations based on a mean operating temperature of 160 °C. A linear 487 
regression is shown with a magenta line. 488 

 489 

 490 
Figure 12. Energy output per DNI plotted against latitude. 491 
Collector yield simulations based on a mean operating 492 
temperature of 160 °C. 493 

 494 

 495 

 496 

 497 
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Table 5. Results and error analysis of the linear models describing annual yield based on annual DNI for a 498 
certain latitude and a mean operating temperature, . Note that for latitude -50° only one climate 499 
was simulated. 500 
Figure Latitude 

(±2°) 
 

Number of 
weather stations 

RMS error 
[kWh/(m2y)] 

Mean residual 
[%] 

t-ratio  

10a 70 0,140 4 18,8 12,3 22  
10b 60 0,185 25 19,1 8,53 54  
10c 50 0,227 82 27,8 8,30 86  
10d 40 0,311 100 34,4 5,52 150  
10e 30 0,369 35 45,8 6,26 106  
10f 20 0,406 13 54,1 4,10 54  
10g 10 0,409 21 32,3 4,56 94  
10h 0 0,411 11 26,0 3,65 76  
11a -10 0,415 4 13,4 1,64 102  
11b -20 0,403 6 19,2 2,35 105  
11c -30 0,379 10 43,2 4,24 65  
11d -40 0,305 4 32,6 5,36 27  
11e -50 0,205 1 0.00 0.00 ∞  
 501 
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