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Hourly Clear Sky Insolation 

• The previous insolation equations are instantaneous values (at a given 
specific time). 

• These can be tabulated into hourly, daily, monthly, and annual values 
for different tracking and fixed tilt angles: The Table below is one 
example of hourly insolation.  

Reflected light is not included in the above table 



Daily and Annual Clear-Sky Insolation 



Annual Insolation for Fixed Collectors 

• Remark: Annual amounts vary only slightly over a wide range 
of collector tilt and azimuth angles. 



Daily Clear-Sky Insolation of South-Facing Collectors 

• Note: while the annual insolation is nearly the same, the 
monthly distribution is quite different. 



Daily Clear-Sky Insolation of Fixed and Tracking  

Collectors 

• Note: Performance boost of the tracking systems is apparent. 



Measuring Sunlight 

• Pyranometers are designed to accurately 
measure the global solar irradiance (they 
respond to all wavelengths). 
– By a placing a shade ring to block the 

direct beam, a pyranometer can be used 
to measure diffuse radiation. 

• Pyrheliometers - shaped like long narrow 
tubes - are designed to measure the direct 
(or normal incident) irradiance. 

• Both Pyranometers and pyrheliometers use a 
stack of thermocouples (thermopile) to 
detect  how much hotter a black surface 
becomes when exposed to sunlight – then 
produces a voltage that is proportional to 
insolation. 

• Both of the above devices respond to all 
wavelengths. 



Measuring sunlight 

• Other instruments which are less expensive (but less accurate) 
are available. The most common is the silicon photodiode. 

• A photodiode sends a current through a calibrated resistance to 
produce a voltage that is proportional to insolation.  

• These photoelectric sensors respond only to a limited portion of 
the solar spectrum, and not accurately to artificial light. 

 



Solar Insolation Under Normal Skies: Refer to 
National Solar Radiation Database 

• Refer to the “solar radiation manual for flat-plate and 
concentration collectors” published by NREL (1994). 

• Resource website; 
http://rredc.nrel.gov/solar/pubs/redbook/ 

• The book contains displays data in the form of tables, 
graphs, maps, etc… 

• Refer to the book appendix for a sample of the data that 
is available in the above manual. 

• Refer to next slide for useful local data. 

 

http://rredc.nrel.gov/solar/pubs/redbook/


Peak Sun Hours (psh) 

• The average daily solar insolation in units of kWh/m2/ day is 
sometimes referred to as "peak sun hours".  

• The term "peak sun hours" refers to the solar insolation 
which a particular location would receive if the sun were 
shining at its maximum value for a certain number of hours.  

• Since the peak solar radiation is 1 kW/m2, the number of 
peak sun hours is numerically identical to the average daily 
solar insolation. 
 



US Solar Radiation Solar Resource Maps 
Source: http://rredc.nrel.gov/solar/old_data/nsrdb/redbook/atlas/ 



Typical Metrological Data (TMY) 



TMY2 data sets for 239 stations  



TMY3 data sets for 1020 stations 



TMY3 

• Set of hourly values of solar radiation and meteorological 
elements for a 1-year period, 

• Consists of months selected from individual years and 
concatenated to form a complete year, 

• Intended use is for computer simulations of solar energy 
conversion systems and building systems. 

• Represent typical rather than extreme conditions, they are 
not suited for designing systems and their components to 
meet the worst-case conditions occurring at a location. 

• Available on the web. (Google “TMY3 data”) 
• User’s manual also available (down on the same page 



TMY3 data available directly at: 
http://rredc.nrel.gov/solar/old_data/nsrdb/1991-2005/tmy3/ 

http://rredc.nrel.gov/solar/old_data/nsrdb/1991-2005/tmy3/
http://rredc.nrel.gov/solar/old_data/nsrdb/1991-2005/tmy3/
http://rredc.nrel.gov/solar/old_data/nsrdb/1991-2005/tmy3/
http://rredc.nrel.gov/solar/old_data/nsrdb/1991-2005/tmy3/


User’s Manual 



The files are of .csv  type  



User’s Manual Table 1-3 to interpret the data: 



Glimpse at some data: (68 columns,8760 rows) 



Important Hour-by-Hour Terrestrial 
Insolation Estimates Found TMY Data 

• Direct Normal Irradiance (DNI): This is the direct 
beam IB 

• Diffuse Horizontal Irradiance (DHI): This is the diffuse 
insolation on a horizontal surface IDH = IBC. 

• Global Horizontal Irradiance (GHI): This is the sum of 
DHI and beam insolation on a horizontal surface (IBH = 
IB sinβ),i.e., GHI = IB(C + sinβ) 

• The above hourly data can be converted to collector 
irradiance using previous formulas. 



Live Local Data: http://www.nrel.gov/midc/unlv/ 



Live Local Data: http://www.nrel.gov/midc/unlv/ 



Average Monthly Insolation 

• If the average monthly insolation on a 
horizontal surface at a particular location is 
given, can you estimate the insolation on a 
collector that is tilted at an angle and oriented 
in a particular direction? 

• The solution is tedious and lengthy (see 
example 4.14) – better use the data from the 
NREL Solar Radiation Manual. 




