PyranoCam: Simple measurement system for all components of
solar irradiance in arbitrary planes
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Direct normal irradiance (DNI) Global horizontal irradiance (GHI) Oldenburg

Latitude 37.1°N 53.2°N
Typical sky conditions clear to cloudy scattered to overcast
Koppen climate class semi-arid temperate oceanic

Mean DHI; DNI (used dataset) 155 W/m?2; 566 W/m? 132 W/m?2; 360 W/m?
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Strongest influence on measured irradiance component (DNI, DHI)

Situations with DNI > 100 W/m? All-sky conditions
DNI DHI DHI
Sun elevation angle, Sun elevation angle, Sun elevation angle,
p=-0.33 p=0.2 0=0.24
PyranoCam DNI clear sky index, p=0.40 Circumsolar irradiance, p=- DNI clear sky index,
0.47 p=0.51
Circumsolar irradiance, Circumsolar irradiance, p=- Circumsolar irradiance,
p=0.68 0.72 p=-0.68
Circumsolar irradiance, DNI clear sky index, p=- DNI clear sky index,
p=0.76 0.27 p=-0.50
Motivation  Benchmark limited to DHI and GHlI  SPN1 and MS-90 show significant variations between the sites
Accurate, robust and cost-efficient measurements of different * PyranoCam uses a ISO 9060:2018 class A pyranometer for . Ir?dicating impacts of the. prevail.ir)g atmospheric conditions
solar irradiance components in arbitrary planes are of great GHI : . t The .|nfluen.ce.of at.mospherlc co.ndltlons on the obserygd
ierast Gy seler erey araaliesens, & ik mEise of Gosk * The supe.rl'or performance of PyranoCam for GTI against relative .deV|at|ons is evaluated via the spearman coefficient of
effective and robust measurement systems are currently available transposmor? I:')ased UCCEBTERBA I corre'latlon . : : :
b e * Transposition models based on PNI and DHI measured * Circumsolar |rrac?I|ance is found t.o I?e the strongest influence
il MEssIrEmE: tedhiies edisi it lss: ne oF ihese by ISO 9060:2018 class A pyrheliometer and shaded on the often noticeable DNI deviations of MS-90 and SPN1
shortcomings: intensive maintenance, high acquisition cost, pyranometer . Summary & Outlook
* Reference systems use sun tracker with sun sensor .

increased deviations or restrictions to single planes (global tilted PyranoCam is operational

equipped with ISO 9060:2018 Class A pyrheliometers (DNI)

irradiance). e Benchmark showed best performance in terms of DNI and
PyranoCam is a robust and inexpensive setup of a thermopile ancfl SnEIeIEE [Emem SRS (Dial) DHI for PyranoCam and RSI/RSP
pyranometer and an all-sky imager (ASI) for measurements of GHI, Overview of the PyranoCam method e PyranoCam outperforms transposition based models in
DHI, DNI and GTI (for any arbitrary plane) [1].  The PyranoCam method can be divided into two main sections, terms of GTI
ObjECtiVES as depicted in the flowchart. Future publications will present validation results from six
 Benchmarking of PyranoCam and different established systems: ) Phy5|§al model. 1] : measurement sites located in varlc?u.s climates
: : * Machine learning based corrections [2] e The PyranoCam hardware can additionally be used to
* Rotating Shadowband Irradiometer/Pyranometer (RSI/RSP : P
4G) Results derive c'Io.uc?I coverage/cla-s.s.lf.lcatlon and short-term
. Delta-T SPN1 S v ATy M fjetermlnlstlc and probabilistic forecasts of the solar
* EKO MS-90 . Used error metrics rradiance [4, 5]
e Evaluation at two sites with distinct conditions * Root mean square deviation (RMSD)
* Tabernas (Spain) & Oldenburg (Germany) e Mean absolute deviation (MAD)
* Analysis of distinct atmospheric conditions on the e Bias
measurement performance = dedicated auxiliary RSI/RSP and PyranoCam show a similar performance and both
measurements are used for this purpose: e.g. clearly outperform the remaining radiometers at both sites

spectroradiometers, tracked and shaded pyranometers, ...

Physical PyranoCam Model [1] Machine learning based corrections 2]
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