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Factors that impact a grid tied system

 Budget

 Available area for system

 Annual energy consumption

Factors that impact a stand-alone system
 Annual energy consumption

 Available solar resource
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Sizing a System



Peak Sun Hours (PSH): The number of hours the PV system is 
expected to operate at rated standard test conditions.

 PSH is specific to region

 Depends on tracking abilities, panel tilt and orientation.
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Sizing a System: 
Peak Sun Hours



Calculating annual energy generation from PSH

PSH for area: Divide daily insolation value for geographic area by 1000 W/m2 (Standard 
Test Condition (STC) irradiance level).

Example:

Sizing a System: 
Peak Sun Hours

For a 2kW system,

Arizona
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PV array efficiency is affected by age and degradation, operating 
temperature, soiling or shading, and losses in wiring.

Derate Factor takes this into account.

 Specific to PV array

 Acceptable range: 0.75 - 0.95 (5% to 25% total losses)

Sizing a System: 
Derate Factor
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Sizing a System: 
Estimating Demand Example
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Sizing a System: 
Estimating Demand Example
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Sizing a System: 
Estimating Demand Example

Note:

1)Kitchen uses 40% of 

total due to all-electric 

stove.

2)An efficient 

refrigerator is being 

used which is important 

in a PV system
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Sizing a System: 
Sizing Example

Example: How would you size a PV system to satisfy a 6.3 kWh/d demand in 
Tucson, AZ? Assuming Tucson gets 5.5 full sun hours per day (at 1000W/m2) in 
the winter, and a 0.8 derate factor.

Solution: We want to meet a 6.3kWh/d demand.
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Sizing a System: 
Sizing Example
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Example: How many solar panels in series would you need to power this 
demand? Assume maximum power Pmax = 300W

Solution: We want to meet a 1.43kW demand.

Number of Panels = 1.43kW = 4.76 = 5 panels
300W



 PV panel efficiency – usually between 18% - 25%

 Inverter efficiency – usually between 85% - 95%

 Number of panels used in system – area available for PV use

 Panel configuration – series and parallel connections

 Battery storage capacity – want the PV system to be able to 
charge batteries while supporting the electric load

 Derate factor – how much the power production can be 
expected to change based on panel temperature
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Sizing Considerations



Shading is a very big problem in installing solar panels and arrays. 
Even the shading of a single row can shut down an entire module.

Shading

Recommended toe-to-back spacing, s = 3h 
PV array fields generally do not follow this 
recommendation because of high land costs.
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 If a solar cell is shaded, it will not 
generate a voltage.

 In a series configuration, it just 
acts as resistor and reduces the 
voltage of the entire row.

 Parallel rows will generate more 
voltage and will drive current 
backwards into the row with the 
shaded cell.

 The shaded solar cell will heat up.

Effect of Shading
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 If shading or cell failure occurs, then the 
adjacent cells and rows will dump current 
into the shaded cell or group of cells.

 This can heat the cell and cause premature 
failure or can lower the cell voltage which 
turns off the inverter.

 Increased temperature also reduces the 
efficiency and the power produced by PV.

Bypass and Blocking Diodes

J. R. Dunlop, Photovoltaic Systems,

American Tech. Pub, 201015



Solutions:

 Blocking diodes are used between panels
to stop reverse current from flowing into
the shaded panel.

 Bypass diodes are used between cells to
guide the current around the shaded cell.

 These diodes are either built in the internal 
module circuitry or added in the junction 
box.

Bypass and Blocking Diodes

J. R. Dunlop, Photovoltaic Systems,

American Tech. Pub, 201016



PV Shading Demonstration 
Shaded PV Panel

Current measurement of a 
completely shaded PV panel 
reading 0.001 A

Voltage measurement of a 
completely shaded PV panel 
reading 0.001 V
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PV Shading Demonstration 
Partially-Shaded PV Panel

Current measurement of a 
partially-shaded PV panel 
reading 0.175 A

Voltage measurement of a 
partially-shaded PV panel 
reading 15.64 V
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PV Shading Demonstration 
Illuminated PV Panel

Current measurement of a
completely illuminated PV
panel reading 1.97 A

Voltage measurement of a
completely illuminated PV
panel reading 19.52 V
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 Solar panels in the northern 
hemisphere should be mounted 
facing south

 Stationary panels should be 
mounted at an angle equal to the 
latitude of their location for 
maximum average power 
production

 Panel power output will change 
over the course of the day and year 
based on the movements of the sun

PV Panel Angle

https://medium.com/@solarify/which-direction-
must-solar-panels-face-and-what-angle-should-they-
be-tilted-at-7242c671e4b9
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https://medium.com/%40solarify/which-direction-


9 Dunlop, J. R. (2010). Photovoltaic Systems, American Tech.

10“Which direction must solar panels face, and what angle should they be tilted 
at?”, Solarify on Medium, 2-Aug-2018. [Online]. Available: 

https://medium.com/@solarify/which-direction-must-solar-panels-face-and-

what-angle-should-they-be-tilted-at-7242c671e4b9
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This material is based upon work supported by the National Science Foundation under Grant #DGE1735173.

Any opinions, findings, and conclusions or recommendations expressed in this material are those of the 
author(s) and do not necessarily reflect the views of the National Science Foundation

The UArizona Indige-FEWSS NSF NRT 
would like to thank you for joining us today!

A NSF funded program in partnership with Diné College.
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