
 

 

 

The Energy Payback Time of Solar Electric (PV) Systems 
 

Overview 
Any energy producing system, whether it is fueled by non-renewable or renewable energy sources, represents an 
initial investment of energy in its manufacture. Energy is required to mine or harvest the raw materials, to transport 
them, to process them, and to assemble them into the final product.  This energy is called embodied energy, and the 
calculation process that tallies this energy at each stage of the product manufacture is part of a larger analysis called 
Life Cycle Assessment, which seeks to quantify the impact of a product or service across the major areas of 
environmental concern. Embodied energy is tracked in terms of primary energy, and it is important to define primary 
energy and distinguish it from site energy. Primary energy includes all the energy used to produce the energy 
delivered and consumed at the end use location. For electrical energy, primary energy is the energy delivered to the 
site plus the energy lost in generating that electricity at the powerplant plus the energy lost through transmission and 
distribution of the electricity from the powerplant. For every kilowatt hour (kWh) we use on site, roughly three kWh of 
primary energy are consumed, leading to a Primary Energy Factor (PEF) of three for grid electricity in the US. 
 
Embodied Primary Energy of Solar Electric (PV) Systems 
We are often asked what the embodied energy of our solar electric systems is.  In other words, how long do they have 
to produce before they have produced as much energy as it took to make them?  The best information we have that 
assesses this is a paper published in the journal Solar Energy Materials & Solar Cells, by Mariska de Wild-Scholten in 
2013, referenced in the March 2016 Photovoltaics Report published by the Fraunhofer Institute for Solar Energy 
Systems. There are many assumptions embedded in such an analysis, but we feel that the overall analysis represents 
South Mountain systems closely enough to be useful. The analysis includes the PV panels, the inverter, the mounting 
system, and the wiring. De Wild-Scholten calculated that the embodied primary energy in a PV system with mono-
crystalline panels like the Sunpower product we use is 1,079 kWh/m2 of panel area. The efficiency of standard panels 
used in these calculations is 14.8%; we’ve used this value in this report even though the Sunpower panels we use are 
significantly more productive (20% efficiency). 
 
Energy Payback of PV Systems 
De Wild-Scholten made reasonable assumptions for the amount of solar energy available, the energy produced by the 
system in the first year, and the degradation of output annually over a thirty year service life. The resulting energy is 
less than the Sunpower systems produce, but the conservative methodology makes it easily justifiable. In a grid-
interconnected PV system, the energy produced is either used on site or supplied to the grid – in either case it 
displaces the primary energy that would have been consumed at the powerplant to supply that electricity to the site, 
so we count that PV energy as primary energy, and multiply it by a PEF of three. Therefore, the energy payback time in 
years is expressed by 
 

(Embodied primary energy/m2) / (Primary energy displaced by PV generation/m2/year) 
 

Using the de Wild-Scholten assumptions, the energy payback time is 1.96 years for mono-crystalline PV systems 
mounted on a rooftop.  After those two years, for the rest of the life of the system, the energy produced is free of 
environmental impact.  
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Energy Payback of PV Systems on Parking Canopies 
When we build PV systems on parking lot canopies, the energy payback time is longer, due to the embodied energy 
contained in the canopy foundation and structure. The energy in these materials increase the  
 
embodied energy by about 1/3 over a typical rooftop PV system. In addition, because the PVs are mounted close to 
flat instead of sharply angled, they produce about 84% of an optimally oriented system. This bumps the energy 
payback time from about 2 years to 3 years.  Again, after three years the energy produced is free of environmental 
impact.   
 


