
	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  

Deriving the Solar Resource
Using PV Data	
  

NREL PV Reliability Workshop

Bill Marion

February 27, 2015

NREL is a	
  naFonal laboratory of the U.S. Department	
  of Energy, Office of Energy Efficiency and Renewable Energy, operated by the Alliance for Sustainable Energy, LLC.
 



 

 

 

Goal

•	 Can we use	
  PV system	
  performance	
  data to
determine the solar resource (direct	
  and
diffuse)	
  which	
  can	
  then	
  be used	
  to model	
  the
performance of other PV systems?
o Provides source of data	
  based on ground
measurements with small incremental cost	
  


o Millions of micro-­‐inverters have been deployed
that	
  are collecFng performance data	
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Approach

•	 Determine the plane-­‐of-­‐array (POA)
irradiance from the PV system performance
data.

•	 Determine	
  the	
  direct and diffuse	
  horizontal
irradiance from the POA	
  irradiance.
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POA	
  to Direct and Diffuse

•	 Problem	
  is	
  similar	
  to using	
  global horizontal
irradiance (GHI)	
  to esLmate direct	
  normal	
  
irradiance (DNI),	
  for which	
  we have
soluLons.	
  
o Perez	
  et	
  al. (1992) modificaFons to NREL’s DISC
model

o Key model parameter – GHI	
  transmiHance, Kt
Kt = GHI	
  ÷ ( I0 ·∙ cos(θz) )

•	 SubsLtute model parameter – POA	
  
transmiNance,	
  Kpoa
o	 KPOA = POA ÷ ( I0 ·∙ cos(θ) )
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Kt and Kpoa RelaLonship Depends on Tilt

• More similar for small Llt angles

1.2 1.2 

Kpoa Kpoa
0.8 0.8 

K p
oa

 

K p
oa

 

0.4 0.4 

0 0 

0 0.4 0.8 1.2 0 0.4 0.8 1.2 
Kt KtKt Kt

10 Degree Tilt	
   40 Degree Tilt	
  


5




 

 

 

 

Method for POA	
  to Direct and Diffuse
1. SubsLtute POA	
  for GHI for input to Perez

modified DISC	
  model: model calculates Kpoa,
an DNI	
  and diffuse horizontal	
  irradiance (DHI).	
  

2. Calculate	
  error	
  term	
  as	
  difference	
  between
measured POA	
  and POA	
  modeled using the DNI
an DHI	
  and the Perez et	
  al. (1990) Llt	
  
irradiance model.

3. Add error term to POA	
  input values, repeat
steps	
   an 2 t minimize error.	
  

•	 Compared to using GHI, use of POA	
  increases
errors for	
  modeled DNI and DHI, but when
subsequently used to model POA, errors in
modeled POA	
  for same Llt are reduced.
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POA	
  from PV Performance Data

•	 Use operaLng current to determine POA	
  
irradiance (similar to using a reference cell)	
  

•	 Correct for PV angle-­‐of-­‐incidence (AOI)
effects for	
  opLmal applicaLon of	
  the	
  Perez
models.	
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RelaLonship between Imp and Isc

• EssenLally	
  linear for crystalline silicon
8
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Fit Results Through Origin 
Equation Y = 1.09869 * X 
Number of data points used = 7832 
Average X = 2.325 A 
Average Y = 2.551 A 
Residual sum of squares = 5.28068 
Coef of determination, R-squared = 0.9999 
RMSE = 0.0260 A or 1.0% of the average Y 
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ValidaLon Data and Method

•	 PV modules at NREL with micro-­‐inverters. Step 1: Measure PV
module	
  current and voltage	
  for	
  one	
  PV module.	
  Step 2: Determine	
  
POA	
  and direct and diffuse radiaLon. Step 3: Use direct and
diffuse radiaLon to model POA	
  for other orientaLons.

•	 Direct, global, and diffuse	
  horizontal irradiance	
  measured at
nearby Solar RadiaLon Research Laboratory (SRRL).
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Preliminary Results -­‐ Using Measured POA	
  


•	 Measured with Kipp and Zonen pyranometers
•	 Evaluates POA	
  to direct and diffuse method, and
their use for modeling POA	
  

Parameter	
   MBE (%) RMSE (%) RMSE (W/m2)

DNI	
   -­‐1.4 24 108

DHI	
   2.5	
   35 56

10° Tilt	
  POA 0.3	
   3 16

25° Tilt	
  POA 0.7	
   2 10

40° Tilt	
  POA*	
   -­‐0.1 1 3

40° SW Tilt	
  POA -­‐0.2 3 15

2-­‐X	
  Tracking POA -­‐0.2 15 95

*used for modeling DNI	
  and DHI	
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Preliminary Results -­‐ Using Measured POA	
  (cont)	
  


•	 RMSE for DNI when using POA	
  for input was about
20 W/m2 greater than if	
  GHI was used for	
  input	
  to
the Perez modified	
  DISC model.	
  

•	 RMSE for fixed Llt POA	
  irradiances generally within
accepted RMSE for Perez Llt irradiance model when
using measured DNI and DHI inputs	
  (15	
  W/m2)

•	 RMSE of 95 W/m2 for the 2-­‐X tracking POA	
  irradiance
is mostly aNributed to the larger DNI RMSE.
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Preliminary Results -­‐ Using Measured PV Data
Parameter	
   MBE (%) RMSE (%) RMSE (W/m2)

DNI	
   -­‐4.1 25 115

DHI	
   4.4	
   35 55

10° Tilt	
  POA -­‐0.9 5 22

25° Tilt	
  POA -­‐0.4 4 19

40° Tilt	
  POA -­‐1.3 4 21

40° SW Tilt	
  POA -­‐1.2 6 25

2-­‐X	
  Trking POA -­‐1.8 16 103

10° Tilt	
  DC Pm -­‐0.5 4

25° Tilt	
  DC Pm*	
   -­‐0.5 3

40° Tilt	
  DC Pm -­‐0.5 3

40° SW Tilt	
  DC Pm -­‐0.1 5

2-­‐X	
  Trking DC Pm	
   1.0	
   16

*used for modeling, POA, DNI, and DHI	
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Deriving the Solar Resource Using PV Data

QuesLons?

bill.marion@nrel.gov
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